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IN THIS BOOK 20 eminent scholars, researchers, and research administrators
present their latest thinking about the processes and conditions of human
learning, the processes and programs of Instruction, and the application of
research and Jdevelopment strategies to educational problems.

As the editors point out in the Preface, the application of research and develop-
ment stratagies for the improvement of educational practices is a pioncering
venture begun in 1964 under the provisions of the Cooperative Research
Program of the United States Ofice of Education and now continuing through
Title 1V of the Elementary and Secondary Education Act of 1965,

Workirg from a proposed model outlined in Chapter 16, the editors have
organized the book around the major components of an instructional system.

Basic to the improvement of education is knowledge about the processas end
conditions necessary for efficlent l2aming, In Part I, four authors discuss
retention and recall, thought processes, creative thinking, and motivation.

A major component of an instructional system {s subject matter content and
sequence, In Part 11, five authors provide scholarly insights into the structures of
such disciplines as mathenetics, science, English, and reading. They state or
imply that the structure of the discipline ltself, as formulated by one or more
scholars, has provided much of the basis for rccent curriculum development.

Instiuctional materials and media can bo .onsiderced as the interface between
the leammer and the subject matter being learned. In Part 111, the discussion
focuses on instructional television, on some aspects of the status, defects,
and nceds of instructional resesrch, and on computer-based instruction.

Teaching methods, or the interactions which occur between a teacher and
students, have been the subject of many research studies in the last decades.
In Part IV, two recent paradigms for research on teaching are preseated.
One approach discusses what §s commonly called raicro-teaching and the other
is interaction analysis.

Finally, in Part V, three research administrators discuss the current application
of research nnd development strategies for the improvement of cducational
practices. The present scene fn educational R& D is one of rapid change
brought about largely by the advent of Federal funding. The development of
these changes with reference to Federal involvement §s traced in one chapter.
In another chapter the focus and programs of the Wisconsin Research and
Development Center fur Cognitive Learning are desctibed. And in the fnal
chapler an authot presents an output-oriented mode! of R&D.

Research and Development Toward the Improvement of Education grows out
of a colloquium series sponsored recently by the Wisconsin R& 1) Center. The
book has been published by Dembar Educational Research Services, Inc., as.a
contribution to the field, without firancial support other than that

engendered by sales.
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mmmmmsy PREFACE

THE FIRST systematic attempt to apply research and development
strategies to education occurred with the astablishment of four research and
development (R & D) centers in 1964 as part of the Cooperative Research Pro-
gram of the United States Office of Education. The R & D Centers program attempted
to combine the best featuros of the separate programs of the U.5.0.E. basic
ond applied research, devalopment, curriculum improvement, and demonstration.
Thus, an R& D Center is organized to conduct basic research related to a sig-
nificant problem area; to develop substantive and prece -'sral products and con-
duct related research; to demonstrate the results of the research and develop-
ment activities in o few school seitings; and to take initiative for the eventual
widespread dissemination of the research results and tested products. An R& D
Center, located on a university campus, draws its professorial staff from the be-
havioral sciences, subject disciplines, communications, educational methodology,
and other fields. It is a community of scholars, capable of dealing with a prob-
lem area effectively. In an R&D Center, then, human and financiol resources
are concanirated on o nanticula, problem area over an extended period of lime
in order to secure a better understanding of that problem crea and to improve
related eduvcationa! practices. Since 1964 the numbaer of R& D Centers has in-
creased from four to nine.

Our major universities, incivding the nine where R & D Centers are
located, have a large pool of able researchers and many other resources. How-
over, the development and applicotion of researth and development strotegies to
education is o pioneer venture. Developing hinaginalive strategies for extending
knowledge abuut cognitive leatning and improving related educational practices
!5 a continuing consern of the Wisconsin Research and Development Center for
Cognitive Learning.

In thiz Center, basic reseorch is done to extend knowledge abou?
the precesses >f cognitive learning, potticularly those associaled with contept
learning and problem solving, and about the conditions associoted with efficiency
of leatning in the cognitive domain. Some of this knowledge goes immediately
into the development of instructional systems. A second objective of the Wiscon-
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sin R& D Center is the improvement of educational praciices in the cognitive
domain. The development and refinement of an instructional system related to
a subject field, such as mathematics, requires appropriate strategies for dealing
with the various components independently and also for interreloting themn to
that desired behavioral objectives are achieved. Three impoituni components of
the system are subject matter content and sequence; instructional materials and
media; and instructional methods, including teacher behaviors and learner activi-

ties. A colloquium series was organized to bring information to the Center stoff -

regarding these research and development strategies.

One port of this colloquium series was concerned with research on °

learning that has fairly direct implications for improving education. (A previous
volume, Analyses of Concept Learning, Academic Press, 1966, on the other hand
ovtlined more basic research.) The main portion of the colioquium series was
addressed to development and related reszarch dealing with subject matier con-
tent and sequence, insiructional media, and instructional methods. This volume
is organized in the same pattern.

As might be expected, the research methods reported by the partici-
ponts are varied. In Part |, Endel Tulving of the Universily of Toronto shows that
substantive resuits concerning information storage and retrieval, derived from the
typical controlled laboratory experiment, require us to reconsider our notions about
why pe:sons do not effectively reproduce information they once learned. Kenneth
Lovell, University of lLeods, shows that the charting of thought processes develop-
mentally i+ moving ahead rapidly by means of Piagei's methods and refined vari-
ants thereof. Marlin Covinglon, University of California, describes « straighifor-
ward aitempt to develop materials designed to facilitate productive thinking in
school children and to utilize the material in extending knowledge about chil-
dien’s productive thinking skills. Here there is a continuous interweaving ¢! theor-
izing, developing material based on theory, and research activities concerning
the abilities nurtured by the instructional program. Richard DeCharms and Vir-
ginia Carpenter of Washington University and lindenwood College proceed in a
similiar manner as Covington; however, their main concera is with motivational
theory and the measurement of strength of motivation in culturally disadvantioged
children. In these chaplers substantive research resulls and theory properly receive
mos! allention; however, sufficient attention is given to the procedures to make
cleor that extending knowledge obout processes and conditions of learning can
be accomplished by a variety ¢f strategies.

in Part I, somewhat similat ¢ rlenlum development and research
procedures are outlined by the first three av*-~s. * O, Begle, Stanford Univer-
sily, outlines development and related research i, mal: matics, including his expe-
tiences with the widely known Schoo! Mathematics Study Group. Arthur Liverriore,
AAAS Commission on Science Education, briefly describes the large science cur-
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riculum projects, kindergarten to Grade 12, but gives major attention to ths
elementary program: Science—A Process Approach. Robert C. Pooley, The Uni-
versity of Wisconsin, also synthesizes many research and development activities
related to the teaching of literature, composition, and language but gives par-
ticvlar attention to the Wisconsin English-Language Arts Project. Common to the
curriculum development strategies in these subjects is an increasing emphasis on
the structure of the disciplino and a decreasing emphasis on other criterio such
as social utility, difficulty, children's interests, and possible transfer to other sub-
ject fields. In the last two chapters of Part Il, Wayne Otto, The University of Wis-
consin, describes a rigorous and productive research effort in reading, and Myion
Rosskopf, Teachers College, Columbia University, relates curricvium .evelopment
in mathematics to recent research in concept learning.

In Part lil, Wilbur Schramm, Stanford University, reports information
on the use of instructional talevision. Three caose studies are presented in suffi-
cient detail to renew confidence in the value of careful observation in the natural
environment by an interested, objective scholar. Llawrence Stolurew, Harvard Uni-
versity, describes the computer-based instructional system, SOCRATES, that he
developed while at the University of Illinois. Problems associated with develop-
ment of the hardware ard software are noted briefly or may be iaferred. The use
of the computer in research to improve instruction and to validote behavior theory
is noteworthy. Arthur Lumsdaine, University of Washington, deals with research
and development in the entire field of instructional media.

In Part IV, N. L. Gage, Stanford University, ouilines a recent con-
cept, micro-teaching, and related research sirategies. The concept rromises to
generate much research and development on instructionol methods. In .. < ,.roach,
the teacher and student rather than the content, hardware, or or' jrom, are
central in the educative process. Ned Flanders, University of Michigan, describes
the new directions of his long-standing research on teacher-stud.ni interaction anal-
ysis. In the current model, the number of calegories of interactions is reduced. By
employing a computer for rapid feedback, the current model holds much promise
of providing immediate (daily) correction of teachsr—siudent interactions and also
for supplying the extensive research data required in validating and extending
the theoretical basis of the systam of inleractio 1 analysis.

Part V of this volume contains pci*ts which did not arise from the
colloquivm series. They are included because th, v contribute to the survey of
re‘earch and development aclivities in e *o ... paurticularly very rr “*nt trends.
lovis Bright and Hendrick Gideonse of the U.S.;.f sutline the broz4 ...eep of
research and development strategies and activities, resulting from the passage
of the Elementary and Secondary Educotion Act of 1965. tncluded here are the
R & D centers, regional educational laboratories, Title lIl centers, and other R& D
instrumentalities funded by olher governmentol agencies. The comprehensive edu-
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cational research and development program of the U.S.O.E. merits carefu! alten-
tion by anyone interested in the improvement of education. A more complete
descriptivn of one federally-supported R & D insirumentality, the Wisconsin Re-
search and Development Center for Cognitive learning, follows the chapter by
Bright and Gideonse. Here we review the main components of a Center and their
interrelalions. Parlicular attention is given to the problem area of the Center;
its progrars, strategies, and oulcomes; staffing pattern; administrative organi-
zation; locus of operalion; and source and stability of funding.

In o new field, models are required as guides to operations. Many
models have been outlined to indicate how systematic improvement in educalion
might be managed through sequential research, development, and dissemination.
None of the models thus far appecred particularly appropriale to the current scene.
Hendrick Gideonse, active privately and not as a U.S.O.E. official, has been
atlempting for some lime to formulale a comprehensive model that would simul-
taneously meet the test of reality and also provide a more adequate conceptuali-
zation of Research and Development octivities designed to improve education.
Fortunalely his conceptualization was completed at the time the volume was in
final editing. The Gideonse model is especially relevant to those who have been
concerned with reloting reseorch, develcpment, and educational improvement.

The colloquium series was planned and executed by the editors of 1.is
volume; Herbert J. Klausmeier assumed primary responsibility for organizing the
colloquium serief around topical areas of relevance 1o the R & D Center. He ideati-
fied most of the participants and the broad organization framework for each par-
ticipant's contribution. George T. O'Hearn participated in the planning and organi-
zation of the colloquium series, worked out the presentation schedu'e and other
delails with each participant, and handled editorial queries from the publisher.
He also adited the papers and wrole the introductions to each part. Barbara
Kennedy, Project Assistant, read the papers, chucked the references, and put
the references in APA style. The Wisconsi~ Research and Development Center for
Cognilive Learning, the educalion research and development community, and
the teaching profession qenerally is indebted to the internationallv recognized
scholars who made this volume possible.

Herbart J. Klousmeier, Profess. r of
Educationol Psychology; Director,
Wisconsin Research and Development
Center for Cognitive learning

Georga T. O'Hearn, Associate Professor,

Acting Director, Division of Education

University of Wisconsin~-Green Bay
September 1968
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i PART |

itz Conditions and Processes of Learning

UNDERSTANDING [earning phenomena and conditions associated
with efficiency of learning is a foremost concern of psychologists throughout West-
ern civilization. Increasingly sophisticated experiments are being executed in labo-
ratory and non-luboratory settings. Representative of work in this vast domain,
with implications for education, are the following:

a) controlled observations to infer thought processes.

b} controlled experimentation in the laboratory to extend our knowledge of
human memory.

c) development of material and related research to nurture the creative abili-
ties of school children.

d) development of dependent measures to extend a mofivational theory to
school settings.

Permanence of learning necessarily requires the storage and recall
of information. In Chapter 1, Endel Tulving discusses various verbal learning and
memory experiments conducted in the laboratory at the University of Toronto,
and suggests that "'the success of retention and recall is to a large extent deter-
mined by what the subject does with the material he is to memorize, by the meth-
ods he uses to organize the material, and by the cues that he uses to effect the
recall of the material.”” The data reported by Tulving support his contention that
the ability to recall is determined more by the limitation of the retrieval mechanism
than by the limitation of the storage mechanism, He concludes:

. that understanding of many phenomena of verba! learning and memory would
be enhanced if we adopted u basic orienting attitude, That a person's mnemonic perform-
ance depends 1o a very lorge extent on the method that he wittingly or unwittingly
uses fo organize the moterial. The imporiant function of such organization is to facili-
fate retrieval of information from the memory sforage.

The inferring of thought processes has always been difficult but is
essential fo exp aining changes that occur ontogenetically. In 'Developmental Proc-
esses in Thought," Kenneth Llovell, University of Leeds, reports on the stages of




human intellectual growth hypothesized by Jean Piaget and his followers. lovell
suggests that the schemas interiorized by the child undergo constant modifica-
tion and are the busis and limitation of all subsequent learning. "‘The implication of
Piaget's findings is that we nead o beyin to stimulate the intellectual growth of
the child in the early weeks of life.'"" Research reported by Lovell confirms the
general classification of the developmental stages of thought hypothesized by
Piaget, and also indicates the impnrtance of previous learning and the cultural
miliev or the child.

Martin Covington in his paper '‘Promoting Creative Thinking in the
Classroom'' states, "In order t¢ take full advantage of the unrestrictive atm<s-
phere the child must first come to understand what constitutes creative ideas in
the given situation, and how he ¢an achieve such ideas for himself . . . In order
to think creatively the child must inave at his disposal a repertoire of creative think-
ing skills. To name a few: the ability to recognize gaps in exist' ig information; a
facility for formulating relevant questions, and a facility fo the demands of the
task so ones can adequotely judge the suitability of the proposed ideas."

The General Problem Solving Program described by Covington repre-
sents an attempt fo initiate creative thought in students within a school setting
and within a curriculum framework. The objective is to teach a number of cog-
nitive skills which are fundamental to creative thinking and then determine whether
such generalized skills can be applied to a specific subject matter area.

Before specified learning can take place the learner must seek and
accept the learning situation. The probability that an individual will seek or ac-
cept a new learning situation is referred to as motivation by Richard deCharms
and Virginia Carpenter. When a tendency to avoid a learning situation increases,
i.e.., when there is a lack of motivation, the problem becomes crucial. The dis-
cussion of this problem by deCharms and Cargenter is based on their work with
inner-city youngsters. In their chapter “Measuring Motivation in Culturally Disad-
vantaged Schoo! Children' the authors prepose a model of motivation in which
a person perceived to be originating his own behavior is called an "'Origin’* while
a person perceived to be behaving in a certain way because >f an external ''power
source'' is said to be acting like a “Pawn." *Pawn behavior implies powerless-
ness, but origin behavior implies freedom of choice, not necessarily the ability to
wield power over others.” The theoretical framework of the “'OP' model is dis-
cussed in detail. The n achievement procedures developed by McClelland v-ere
used in measuring motivation in a sample of culturally disadvantaged school chil-
dren. The data obtained tend to support the theoretical poini of view expressed.
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wesm (Organized Reteution and

Cued Recall

EVER SINCE Hermann Ebbinghaus
(1885) brought phenomena of memory uader experi-
mental scrutiny in the psychological laboratory and
William James (1890) eloquently epltomized the dis-
tilled wiscom of other great thinkers on the subject,
research on remembering and forgetting has been
growing by leaps and bounds. Everyone agrees that
this research has by now produced animmense quan-
tity of empirical data, but fcw are willing to claim
that it has created any genuine novel conceptual in-
sights. More often than not, new emplrical findings
have generated more heat than light at the theoreti-
cal level. Thus, despite everything we beileve we
know about the role of a multitude of experimentally
manipulable variables on verballearning, retention,
and recall, we seem to be no nearer to the under-
standing of the basic nature of memory than were
psychologists and other writers of previous genera-
tione. If someone asked us today what do we know
that is truly worth knoewing and that was not known
to Ebbingh~us and Jats.es, we would be hrrd pressed
to provide a convincing answer.

Those who share this pessimistic assessment of
the state of affairs in reseavrch on verbal learning
and memory have been quick to suggest remedies,
but their advice has been inconsistent. Some have
argued that experimental conditions between labora-
tories be more rigidly standardized, others woutd
like to see a greater diversity of methods. Some ad-
vise that only 1imited sets of carefully calibrated ma-
terials be used, otheras insgist on a fuller variely of
materials. Some are convinced that true understand-
ing of memory can be achieved only through mam-
moth parametric studies, others are equally certain

vmmums Endel Tulving

University of Toronto
Toronto, Ontario

that at least for the tirv’, being the solution lies in
simpler ‘“miniature” experiments. Iam listing
these conflicting attitudes not to pass judgment on
them, but rat:..r as a background for my own favor-
ite complaint atout the generalorientation of re-
search in thls broad field.

My complaint is that far too little attention has
been devoted to the implications of the well-known
fact that subjects in verbal learning and memory ex-
periments are not passive organisms, Too mary
students of human learning and memory have predi-
caied the interpretation of their data and the formu-
lation of their theoretical statemenis on thebasic
assumption that in learning and remembering cer-
tain things happen to the person or certain cvents
take place in his nervous system, and that these
events are governed by nothing more than the present
and past inputs. Eventually, of course, sclenc' may
be able to interpret all phenomena of memory with-
out recourse to a highly sophisticated, consclous, ac-
tive, thinking organism, but at the present time
nothing much seems to be gained, and a good deal
may be lost, if we pretend that the articulate human
subject is a passive reciplent of external stimula-
tion, and that acquisition, retention, recall, trans-
fer, interference, etc., cccur in a mental vacuu:n.
If we know anything at all about what subjects do In
verbal learning and memory experiments, we know
that they use plans (Miller, Galanter, and Pribram,
1060), that they consclously and deliberately e mploy
strategles (e.g., Pollack, Johnson, and Knaff, 1959)
or mediational devices (e.g., Bugelski, 1962; Un-
derwood and Schulz, 1960), or simply thatthey think
(e.g., Mandler, 1965). There are some who would
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4 RESEARCH AND DEVELOPMENT TOWARD THE IMPROVEMENT OF EDULCATION

argue that these covert activities of the subject, and
thelr behavioral manifestations, mereiy accompany
processes of memory and that they play no signifi-
cant role in determining the quantity and quality of
a person’s mnemonic performance, but such views
are rapidly losing their appeal. A great dealofevi-
dence accumulated in recent years, added to evi-
dence resurrected from lsolated and forgotten ex -
periments from the past, points to the wittingor un-
witting use of plans, strategies, and mediationalde-
vices by the subject as the sine qua non of remera-
bering. A fuller understanding of what the subject
does when faced with the requirements of memory
tasks of various kinds, tierefore, seems Ind!spensa-
ble {rr the comprehension of many, if not all, phe-
nomena of memory. In all probability, an active
search for such understanding v/ill turn out to be
more fruitful than the mere Introduction of standard-
ized conditions of experimentation, calibration of ma-
terfals, or mammoth experiments.

In the present paper Iw 1l describe some recent
work we have been doing at s'oronto to probe into
some of the long-standing problems of memory.
Two questions that I have been particularly inter-
ested in are, first why is repetition effcctive in In-
creasing the amount of materfal ths su’sject can re-
call, and secondly, how does retrieval of mnemonic
{information from the memory storage take place. 1
will obviously not be able to answer these questions,
but I would like tu ofter some suggestions relevant
to them. These .uggestions are firmly anchired to
the basic assumption that the success of retention
and recall is to ~ large extent determined by #hat
the subject does . ith the material he isto memorize,
by the methods he uses to organize the material,
and by the cues that he uses to effect the recall of
retained materfal. The data I will report,I belleve,
will offer good support to this assumption.

FREE RECALL AND ORGANIZATION

The experimental data come fromexperimentsin
which the subject’s task is to learn, that s to com-
mit to memory, ar2tof discrete verbal items.
Some of these experiments are concerned with free
recall of items, whilec others constitute variations
on the theme of free recall. In the free-recall ex-
periment the subject 18 presented with a list of
familiar items, such as meaningful words, and his
task is to remember as many of these items as pos-
slble, in any order that they occur to him. Thusthe
free-recall paradigm constitutes a test for the ac-~
quisiton, retention, and utilization of retained infor-
mation about the membership of otherwise familiar
{tems In an unfan.iliar set. Free recall as a labor-
atory taek, like other paradigms of verbal learning
and memory, involves mnemonic performance of the
kind often required of individuals outside the labora-
tory. A teacher’s knowledge of names of students
in a class, a person’s memory forthe names of
guests at a cocktail party he attended the night be-
fore, and a ctild’'s recollection of animalshe sawon
his visit to the zoo are based on retentionof infor ma~
tion of the kind that we investigate in free-recall ex-
periments.

I have been particularly interested In free-recall
phenomena for three reasons. First, the require-

ments imposed on the mnenionic information proces-
6ing mechanisms in the free-recali task are neces-
sarily present in any other paradigm. Tke subject
cannot learn the order of a set of items in a ser!al
learning task, or specific inter-item associationsin
o paired-assouiate lasl:;, unless be knows what items
c.nstitute the set. This means that the processesin-
volved In free recill ave Ir. some ways more basic
thanthose underlying inany other laboratory tasks in
memory, and that theretore the study of these prov-
esses constitutes a logical starting point for the
study of memory. Secondly, free-rzcall phenomena
were ignored by students of verbal learning and
memory for a long time. As a consequence they
have not yet been fitted intd a relatively fixed t heo-
retical frameworX as have been scrial- and palred-
assoclate lezrning phenomena. Thus, when we sve
faced with the problem of interpreting expertmentai
findings in free recall, we nre not hampered by (x-
tant theoreticai notions. Thirdly, and rost impor-
tantly, it is easler to {ind out in free-recall situa-
tions what the subject is doing when he is memoriz-
ing 2 set of items., The task set to the subject in
sevial- and paired-assoclate paradigmsis too rigidly
prescribed by the experimenter and all that ¢ ain be
observed at the behavioral level is how well the sub-
ject can meet the experimenter’s requirements. In
free recall, the subject is told to recall as many
items as possible, but he is le:t free to recall the
items in any order. Examination of the order in
which he recalls the items provides considerable in-
sight into the subject’s covert activiiies in the proc-
ess of memorization,

In multl-trial free-recall tasks, the same set of
items is presented on a number of su..cessive trials,
the order of presented {t>ms usually varylay from
trial to trial {cf. Waugh, 19¢1), andafter eaca Inpt
trial the subject recalls all items he can. V/hen the
number of items the sub,ect recalls are ylotted
against trials, a typlcal negatively accelerated learn-
ing curve results (Miller and McGill, 1952; Murdoct:,
1860; Tulving, 1962a, 1964; Waugh, 1961). One of
the questions I wish to raise is, whydoes suchlearn-
ing, 1. e., improvement in trial-to-trial recall, oc-
cur. [have argued elsewhere (Tulving, 10862a, 1684)
that Jearning in multi-trial free recall isaconse-
quence of the fact that the subject organizes list-
items Into larger units of material, ‘nto subjective
units or S-units, At any given time the subject car.
retrieve from memory only a limited number of units
of a particular set of materials, butthe larger these
units, that is, the more individual {tems eac h unit
containga, the larger the number of items recalled
(Miller, 1956a, 1956b).

ORGANIZATION AND LEARNING

The original evidence for this contentionwas pro-
vided by the observations that the amount of organi-
zatlon subjects imposed on the material incre:sed
systematically over trials, accompanying the in-
crease in the wumbar of items recalled, and that
when the amount of yractice was held constant, there
was a sizable correlation betwecn recall scores and
organization scores as subject variables, Such cor-
relational evidence, of course, {snotvery compelling,
One can justifiably argue that organlzation and rece 1l
are two parallel but otherwise unrelated manifesta-
tions of some common underlying mechanism. Sonie
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writers {(e.g., Asch and Ebenholtz, 1962) have In-
deed clalmed that free-recall learning occurs inde-
pendently of any inter-item assoclations, belng a
consequeice of greater availability of items result
ing from repeated presentation of ftems. To ths
extent that the development of S-unlts reflects the
development of specific inter-item assnclations, the
denial of the primasry roleof inter-itemassoclations
in free recall learning a lso constitutes a denlal of
the depcndence of learning on organizatlonal proces-
ses. How can we evaluate the kypotheslzed relatlon
between organizatlon and fri-e-recall leari.ing more
directly than is posslble on che basis of ebserved
corralatlons between the twu measures?

Two possibilitles suggest theniselves. The first
is t> preseni a set of items (o the subject under con-
citiuns where h2 n.akes repealed responsesto the
items, bt o2 not actively and deliberately ry to
orzanize the material into larger S-unit3. I leain-
ing dapends upon organiza* on, then such non-di-
rected repetition should have little effect on recall-
abill'y of items. The second possibility istoin-
struct subjicts .o use effoctlve methods of organiza-
tlon. If learnlag depends on organizatlon, such in-
structions wo.id be expected to facilitate learning.
We have do.i: both types of experiments.

KEPITITION AND ORGANIZATION

At first glance, it may szem ditilcult to create
cond'tions under v-hich subjects are repeatedlv
exposed to a set ¢f lterns and wher :they make overt
responses (o these {terus, Lut do not think about and
thus organize the items. Since we i:tially krew
nothing a>out the problems invslved, we decided to
start witr the mest obvious approach,altnough I
must 2dmlt, at the time we did not have much faith
in it. Subjects were simply shown a set of common
words, asked to read thece words aloud a number of
times, and then, Immiedlately after suc h reading,
welre given the same set of words t» learnunder the
typical free-recall instructions Tulv-ag, 1966). A
cortrol group lenrned the same set of words under
identical cond’.dons, but without having seen the
words befor..hand.

The list to be fearned contained twenty-two high-
frequency Englich words. 1In the ‘‘reading task,”’
the subjects In one group were shewneach of the
wcrds six times, in an uninterrupted sequence of 132
exposures. The words were exposed one at a time
by means of a memory drum, atthe rate of one
word/second, and the subjects were instructed to
call out each word as it appeared. The subjects in
the other group went through the sam 2 procedure
with a llet of twenty-two names, Immediately follow-
ing the reading task, all subjects were asked to
learn the samc set of twenty-two words to whica the
first group had teen. exposed already. Typical {free-
recall instructions were given, words were pre-
s2nted at the rate of one word/second, and at the
end of each input phase subjects had 60 seconds for
oral recall, Every subjectrecelvedtwelve learning
triala. Thus, both groups learnedthe identical list
of words under identical conditions. The only dil-
ference was that the subjects in the Prior Acquaint-
#nce Group has just {Inlshed reading aloud the same
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FIGURE 1. Learning curves for two groups of sub-
jects. One group recelved six trialsof prior ac-
quaintance with the set of twenty-two words to be
learned later, the other group had no such prior ac-
quaintance.
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words on six continuous rvading “trials, * while the
subjects In the No Prlor Acquaintance Group had
been ‘“warmed uy’’ with a di”lereat set of words.

Tha two lesrring curves f, om thls experiment
are ghown Lu Figure 1. The Prinr Acqualriance
Group had a small, bat statistically non-significant
edge over the No ?rior Acquaintaice Group on the
very first t1fal, but none thereafter. Over a:l
twelve trials, the mean number of words recalled
by the former group waa 13.%1, while the meannum-
ber of words recalled by the latter group was 15, 91.

These rest.its thus suggest that mere repetltion
of list ltems nad no effect on subsequent memoriza-
tion of these items. According to the present inter-
pretation, repetition had 1o elfect because the sub-
jects did not attempt to organize ltems in any way.
Post-experimental interviews revealed indeed that
very few subjects had thought that they might be
asked to recall the words they were reading inthe
original reading task. Mostof them said they
thought the experimenter was j*.terested in how well
they could read, how fast they could read or how
clea:ly or consistently they could pronounce the
words.

Although we did not give an Immediate recall test
to the subjects at the end of the preliminary reading
task, it {s extremely unlikely that they would not
have remembered any words that they had seen.
Thus, this experiment does not provide any evidence
agalnst incidental lezrning measured in a single re-
call test following a reading task of the kind we used.
It only demonstrates that directed memorization un-
der tke conditions of free recall 1s not tacllitated by
whatever prior incidental learnl:g has ~ccurred,
This is not a surprising result, if we assume that
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no organization uccurs during the reading task, that
incidental memory of itema read, tterefore, would

involve indiviiual items as S-units, and thatthe sub-
ject can only recall a constant 1imited number of S-

units on any given irial in free recall. If thesubject,
on the first trial in the directed learning task,re-
calls some of the items he learned incldentally, he

could not recall too many other itcimmsbecause his
limited retrieval capacity would already be partially
exhausted. One of the implications of thesefindings
iy that if the subject, befcre the Presentation of
a longer list for directed recall, were told what sc me
of the items in the list are, his recail would be no
greater than that of the subject who has no such prior
information, provided the iterss: re not meaningfully
related to one ancther and that (fe rate of nresenta-
tion is rather fast. The hypotheses that increased

recall carn occur onjy as a consequence of organiza-
tion and that the reirisval capacity is limited toa
fixed ramtor of S-units would completely aceountfor
this firZing, iven thoush it could not be readily pre-
dicted from many other thooretical pcints of view.

ALPHABETICAL ORGAN'ZATION

Th- gecond typ~ of more direct tesi of the rela-
tirn between Jearning and organization, as I said,in-
volvzs manipulatlon of organizing strategies through
Instructions to subjects. An initial study of this kind
was done as a classroom experim mt (Tulving, 1962b)
The subjects were eighty univers'ty students. They
had t5 learn a list of {wenty-ivo nouns, each begin-
n'ng with a different letter, and the whole set cover-
ing it wide range of Thorndike-Lorge (1944) frequen-
cles. Tn the input phase of each trial, words were
projecicd ¢n a screen at the rateof 1, 5 second/word.
In each output phase of 90 seconds duration subjects
wrote down as many words as they remembered.

At the beginning of the experiment, ail subjects
were glven typical free-recall iastructions. For the
first three trials all subjects worked under these
identical instruct'ons. Before the fourth trial,
subjects were asked to open and read additional in-
structicns on folded shects handed out to thembefore
the experiment, For half the subjects, the irstruc-
tiors simply reiterated whe t ail subjects had been
told at the beginning of thr experiment, namely to
'do your very best on ea :h recall trial and put down
as many words from the list as youcan.' The in-
structions for the other half of the subjects read:
*Try tu organize your recalled words alphabetically.
When you ook at the words on tl.e screen, note the!y
first letters, and make an attempt to associate the
word with the letter. When you write the words
down, go through the letters of the alphabetone at
a time and try to remember the word that goes with
each letter.’’ Subjects in each group, the Standard
Group and tte Alphabetical Group, were given 30
seconds to read these additional instructions. The
experiment was then contlnued under otherwise iden-
tical conditions for elght more trials.

The learning curves for the two groupsare shown
in Figure 2, For the first three trials, when both
groups worked under identical standard instructions,
the curves are almost Indistinguishable indicatingno
differences in learning ‘‘ability’’ of the two groups.

FIGURE 2, Learning curves for twogroups of sub-
jects. After Trial 3, onegroup was given instruc-
tions to recall the weids alpnabetically, while the
other group continued learying undor standardin-
structions,

T T v [0 Y T T T T T
22r .
20r .
18F -
— -
& 16} 1
Q.
o 9 A
3
14 J
'
112 4
5
= 12t -
z B -
310 - INSTRUCTIONS: .
s o ALPHABEIICAL J
sk o STANDSRD J
G‘r
? L 1 1 1 1 Iy ] i 1 PR | 3

TRIALS

From Trial 4 on, however, the curves draw r~idly
apart, the raean number of words recalled by the
Alphabetical Group on Trial 5 equaling that of the
Stardard Group on the Jast trial of the experiment,
Trial 11, Judging by the shape of the curve of the
Standard Group, it appears that it would have taken
them many additional trials to reachthelevel of per-
formance comparable to that reached by the Alpha-
betical Group on Trial 8, The differences between
the two groups would undoubtedly be even greater if
it were not for the artificial limit on the perform-
ance of the Alphabetical gubjects imposed by the
‘‘celling effect.’’

These results clearly irdicate that methodsof or-
ganization are very imporiant indetermining the
course of memorization of a list of items. Alpha-
betical organization is apparently much more effec-
tive in this type of task than are othermethods of
organization - grouping of wordsby thelr meaning .-
used by the subjects in the Standard Group. The
learning curve of the subjects in the Standard Group
reflecis their limited perlformance, but the limit is
r«.t wnolly deterriined by their jnacequate ranemonic
ability. To a large extent, i! 1s determined by tielr
Ignorance as to how to make best use of their mne-
monic abllity In this type of task, When subjects
are given more powerful organizing Instructions,
their *‘ability’’ increases considerab'y.




g
§
{
!
¥
{

E

Q

ORGANIZED RETENTION AND CUED RECALL 7

One important implicationof this observation -
1 am now golng to digress somewhat from my main
theme - has to do with the problemof individual dif-
ferences Ir learning abllity. It iz commonplace to
study Individual differences in learning ability by
dividing subjects Into ‘‘fast’’ and ‘‘slow'’ learners
on the baslis of thelr performance inalearning task,
and ther look for similar differences between the
twu groups in various other situatlons, such as var-
fous psychometric tests. Inthe experiment Thave just
described, there were pronounced differences in the
memorization performance between the subj:cts in
two groups, but since the groups were selected ran-
domly it is a foregone conclusion that they would
have shown no differences on any other tests. How
frequently are Individual differences inlearning
‘‘ability’’ determined by the same factors as those
manipulated in the present experiment? The long
history of fallures to find powerful psychometric cor-
relates of learning performance, or sizeable corre-
lations betwien different learning tasks, suggests
that Individual differences In learning ‘‘ability’’ may
be largely governed by individuais’ knowledge of ef-
fective sirategies of handling a particular task, rath-
er than by the sheer goodness of their memory. At
any rate, In the light of data fromthisexperiment it
seems that if we wish to add to our understanding of
individcal differences §n learning ‘‘abllity,” a good
place t» start Is to analyze the learners’ strategles
of memorizing in a glven learning situation, and not
to observe his behavior in some other extra-experi-
menta) situation.

ORGANIIATION AND LEARNING

Let me now return to ihe relation between organ-
{zatton and ’<arning. Ve have seen that when a sub-
ject kas to memorize a list of randonly selected
words, alphatetical organization {8 more effective
thzp other ivethods of organizatior.. Alphabeticalor-
gar.zatlon ch:nges the task into a kind of paired as-
sociate learning task. The initlalletter of each
word se.ves ux a cue for the recallofthewholeword
The experime-tcr does not have to present these
cuss since an articulale subject can generate them
on his own. Wc could say that in alphabetical organ-
ization each input word is cuad with respect to its
initial letter c::d that {ts rctrieval is facllitated by
the availabllity of relevant cues. WLken other meth-
ods of organization are vsed, such a3 grouping of
{tems in terms of their asscelaiive meaning, thelr
hzlongingrees ' {o ewerordinate conceptial catego-
ries, or the degree o' the'r prior famifarity, input
words are cued with respect to their properties oth-
er than the initle} letter and thelir retricval Is ore-
sumably effected through these other cues. itis pos-
sible, of course, that a given word Is c z2d In sev-
eral ways and that the way it 1s cned changes in the
eourse of the experiment, but under the usual time
pressure in a typical experimert, multiple cueing 18
probably an exception rather than a rule.

Suppose now that a subject has been exposed to a
set of lic.ms for a number of trials, that he has not
discovered alphabetical method of organization, and
tiat he has heen curing the words in terrrs of their
otker characterlstics. What would happen, if the
subject were now told to switen to another method
of organization, say alphabetical organization? We
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know already that alphabetical organization is likely
to be rore effective than other methodsof organiza-
tion and that therefore alerting the subject to it
should facilitate learning. But it 18 also possible
that changing the method of organization requires not
only the adoption of the new strategy, but also ihe
suppression of the previously used strategy. One
might expect, therefurc, that immediately afier the
introduction of alphabetical Instructions the eff i-
clency of the storing and reirieval mechanisms
13 temporarily reduced and that the disturbance {s
the greater the more highly developedthe non-alpha-
betical organization.

Data relevant to these hypotheses come from an
experiment done by Marcla Ozier as partof her PhD
thesls (Ozler, 1965). Her subjects learnedalist of
twenty-two words, each beginning with a different
leiter, Words were projected on a screen at the
rate of 1.5 second/wordand subjects recorded their
recall on paper-pullers that prevented them from
seelng more than one word of their recall at any
time. The duration of output phase of eachtrialwas
90 seconds.

Most subjects were initlally given standard free-
recall instructions and then switched over to alpha-
betical instructions at some point in the experimen-
tal sequence. The two Independent variables in the
experiment were, first, the ordinal number of the
“critical”’ trial on which alphabetical instructions
were glven, and second, pre-input versus post-in-
put alphabetical instructions, Different groups of
subjects were glven aiphabetical Instructions onTri-
als 1, 5, 9, 16, and 21. In each of these groups,
half the subjects were given alphabetical instruc-
tions before the input phase of the critical trial,
while the other half received these Instructions after
the Input phase, that is, before the output phase, of
the critical trial. Before the critical trial, subjects
in a glven group worked under standard free-recall
instructions. Thus, for instance, one group of sub-
jects worked under free-recall instructionsfor eight
trials, then recelved alphabetical Instructions, fol-
lowed by the Input and sutput phasesof the ninth and
subsequent trials. Another group worked under
standard free-recall instructions for eight trlals,
was then shown the words in the input phase of the
ninth trial, and then was asked to start recalling
words in the alphabetical order, beginning v/ith the
immediately following output phase. Therewasthus
a total of ten independent groups, with twelve sub-
jects per group. Scoring was lenient; even if the
subject had deviated somewhat fromthe alphabetical
order when he was supposed to recall the words al-
phabetically, he was given credit for each word cor~
rectly recalled. Subjects who obviously did not fol-
low alphabetical instructions, however, were re-
placed.

The somewhat schematized results of this exper-
iment are stown in Figure 3. The upper heavy
smoothed curve shows the learning cur ve for the
subjects who recelved alphabetical fnstructions be-
fore Trial I, the lower heavy smoothed curve rep-
resents the free-recall conditions. Subjects who
had received pre-input alphabetical instructions on
Trlal 1 had a mean recall of approximately eight
words on that trial, while those who had received
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FIGURE 3. The effect of alphabetical organizing
instructions given at various pointsinthe course of
learning. See text for explanation,
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post-input alphabetical instructions on Trial 1re-
called approximately five words, a difference of
three words. The learning curvefor the latter group
is not shown on the graph. It reached the learning
curve of the former group by the tifth trial, being
practically identical with it thereafter.

The other data In Flgure 3 show the initial drop
and subsequent rapld recovery in recall of grovps
who were given alpliabetical instructions at Trials
5, 8, 18, and 21. For each of these groups, with
the excepiion of those for whom Trial 21 was the
critical tria), mean recall scores are shownfor five
trials after the critical trial. These data show,
first, that Immediately after the introduction of al-
phabetical instructions there is a drop in perform-
ance — with the exception of pre-input instructions
on Trial 5 — with the magnitude of the drop varyimg
directly with the ordinal number of the critical trial
and being consistently greater for post-input alpha-
betical Instructions, and second, thatthe subsequent
recovery of the effectiveness of alphabetical instruc-
tions given on the critical trizl varles inversely
with the ordinal number ¢f the critical trial.

The percentage 088 in recall in the first output
phase following the iIntroduction of alphabetical in-
structions s plotted as a function of the ordinal num-
ber of the critical trial, for both pre-input and post-
input Instructions, in Figure 4. Each data point in
this graph represents thc mean difference in recall
between the number of words recalledonthe critical
trial and the immediately preceding trial divided by
the mean number of words recalled onthe immediate
pre-critical trial. Tha data plotted in Flgure 3
showed that the drop in ferformance after the intvo-
duction of alphabetical instruztions, measured in
terms of absolute number of items, varied directly
with the ordiral number of the criticaltrial. The
data shown in Figure 4 indicate that the same rela-
tion holds between percentage 1oss in recall and the
ordinal number of the critical trial,

RESEARCH AND DEVELOFMENT TOWARD THE IMPROVEMENT OF ED JCATION

From previous experiments we already know that
organization of material increases over trialsot
practice in the free-recall situation (Bousfield, Puff,
and Cowan, 1864; Ehrlich, 1865; Tulving, 1962a,
1864). Therefore, manipulating the temporal point
at which subjects are switched from other forms of
organization to alphabetical organizationessentially
amounts to manipulation of the degree of existing or-
ganization that has to be changed. Theresults of
Ozler's experiment svggest that the stronger the
pre-existing organization, that is, the more {irmly
the list-items are cued with respect to characteris-
tica of words other than their Initial lotter s, the
more disruptive is the requirement that the subject
change his system of cuelng and the longer it takes
for the otherwise powerful alphabetical system of
organization to become effective.

AVAILABILTY AND ACCESSIBILTY
OF STORED INFORMATION

1 have so far talked about two general classes of
nethods of organization: organizationofwords into
l.xrger groups in terms of their perceived, discov-
eved, or fabricated meaningful relations to one an-
other; and organization lnterms of structural
features ot words, such as injtial letters. In either
case it is as If words stored in memory - or infor-
mation about words to be reproduced -~ are in stor-
age in a way that would facilitate retrieval: two or
more related words are stored in or near the same
locaticn, suchthat when the retrieval mechanism
finds one, the other cne i8 also easlly located, or
else a word is stored in a location inwhich its initfal
letter Is stored. Thus, one part of the stored in-
formation can be thought of as a retrieval cue for an-
other part. Organization of information in the stor-
age, howe rer, can facilitate retrieval onlytothe ex-
te ¢ that retrieval cues are available at the time of
recall. Alphabetical organization is more effective
than organizationcf items interms of their semantic

FIGURE 4. Percentage lors of recallon the trial
Immediately following the introduction of alphabet-
ical organizing Instructions, as a function of the
‘‘critical’’ trial on which alphabetical instructions
were given,
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features because the initial letters of thawords,
serving as retrieval cues are readily avallabletothe
subject at the time of recall.

This kind of speculation implies that organization
of material in the memory storage, or organized
retention, does not necessarily increase the storage
capacity, but rather makes the stored information
more accessible to recail by providing distinctive
retrleval cues through which jndividual items of in-
formation can be reached. It also implies that the
amount of information potentially available in the
storage at a given time may be greater than s ap-
parent in typical unaided recall. Inother words,
limitation of memory is primarily determined by the
limited capacity of the retrieval mechanism and not
necessarily by the limited capacity of the storage
mechanism.

Tn experiments of the kind that we have examined
so far it is impossible to distinguish between reten-
tion and recall. If a subjectusing alphabetical or-
ganization can recall inore words than an otherwise
comparable subject who uses less efficient methods,
we do not know whether this difference is attributa-
ble to differences in retention or only in recall. It
is possible that both subjects have retainedthe same
number of words and that the alphabetical organizer
simply has access to a larger number of retained
words, but it is also possible that t he alphabetical
organizer in fact has been able to store more infor-
mation in his memory, that therefore more {informa-
tion is avallable in the storage, and that his superi-
or recall merely reflects the greater amount of in-
formation that he has stored.

The logical requirements for the analytical sepa-
ration of retention and recall, or the distirction be-
tween availabiiity and accessibility of stored mate-
rial, are simple enough. All that we needtodolsto
present the material to be remembered to different
subjects under identical conditiors, including iden-
tical instructions, and then vary experimentally the
nurmber of retrieval cues at the time of recall. If
the groups are treated ideni‘zalty uptn the beginning
of the recall test, we can assume that the amount of
information they have stored and *hus the 2mount of
information available is the same for all groups.
the number and kinds of retrieval cues giver. to dif-
ferent groups at the tirae of recall produce differ-
ences in recall, thes- differences would reflect dif-
ferences in accessibllity of the stored information
and not differences in avallability.

in the initial experiment we did to distinguish be-~
tween avallability and accegsibiity (Tulving and
Pearlstone, 1966), we used a dual-level Input 1ist,
consisting of category names and appropriate words
as instanes of these categories. Thns,for instance,
one of the iists consisted of twe aty-{our words In
twelve categories, with two words per calegory. The
list presented to subjects might contain items like
this: things found on a farm - WHEAT, TRACTOR;
nubstances for flavoring food -~ SUGAR, CLOVES;
geological for mations - PLAIN, LAKE; muslcal in-
struments - DRUM, FLUTE; etc. Subjects were In-
structed that thelr task was to remember as many
words as possible, that they would be tested for the

words only, and that they did not have to memorize
the category names. All subjects learning a vartic-
ular 1ist were treated identically up to the beginning
of the recail test. At that point, haif the subjects
were asked to recall all the words they remembered,

i.€, words other than the category names, while
the other half wer e presented with the category
names as retrieval cues and askedtowrite down atl
the words belonging to each category that they re-
membered {from the list,

The design of the experiment included lists of
three different lengths (twelve, twenty-four, and
forty-eight words} and three levels of numbers of
words per category {one, two, and four). Within
each of these nine conditions of presentation, there
were then two conditlons of recail, cued and non-
cued, as I have just described. The experiment was
done with high-school students of both sexes as sub-
jects, and data were collectied in regular class ses-
sions. Input material (category names and words
to be remembered) was presented Ly means of tape
recorder. The subjects wrote their r.zcall in appro-
priately designed bookiets. The presentation tima2
varied with the length of the list and with the number
of categories according to the formula: T= NoC+L,
where T Is presentation time in secords, NoC isthe
number of categories, and L {s list lergth, The
amount of time given for recall was I, 2,and 4 min-
utes for lists of twelve, twenty-four,andforty-eight
words, respectively. A total of 949 subjects was
tested, with approximately {ifty-three subjects for
each of the elghteen conditions of the experiment.

The mean number of words correctly recalled
under each of the conditlons of the experiment is
shown in Table 1, together withcorresponding
standard deviations. As these data show, cued re-
call was superior to non-cued recall for all nine
lists, the superlority varying directly withiist
length and inversely with the number of words per
category. The difference between cued and non-cued
recall thus was smalie:st for the list In wlich twelve
words were organized into thre2 categories, with
four words per category. In this case, presentation
of categary names ae retrievalcues apparently does
not help suixjects very much since they presumably
can remember ¢he cat:gory names on their own.
The largest difierence was found for the 48-word
list {n which each wnrd belonged to & different cate-
gory. Presentation of category names as retrieval
cues in this list facilitated recall considerably: sub-
Jects in the cued recall group recalled over thirty-
five words on the average, v-hile the subjects in the
non-cued group recalled less than sixteen woirds.

The inajor implication of the results of this ex-
periment is that the subject’s fallure torecall a
word he was instructed to recall does not necessar-
lly mean that information about the membership of
the word in the list {8 no more available inthe mem-
ory storage. It is avallab'?, but not accessible un-
der the typical unailed recall cenditions. H the sub-
ject receives cues anout the ‘‘location’’ of the rela-
vant information ir tt e storage, hewill ““find’’ many
otherwise {naccessibie words. Thus, intratrial “for-
getting'” (Tulving, 1964) of at leastsome of the ftems
does not reflect the fallure of the storage mechanism,
b.t only the failure of the retrieval mechanism. How
does the retrieval mechanism operate?
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TABLE 1

MEAN NUMBER OF WORDS RECALLED AND THEIR STANDARD DEVIATIONS FOR THE EIGHTEEN

EXPERIMENTAL CONDITIONS

Number of Words Per Category

List Recall 1 2 3

Length Conditions M 5. D. M S. D. M 5.D
Cued 10.70 1.57 10. 94 112 9. 98 1.55

. Non-cued 7.70 1.61 8. 13 2.03 5.31 191
Cued 21,70 197 19, 31 2,38 15. 11 3.17

# Non-cued 11.18 2.56 11. 82 2.54 13.38 3.08
Cued 35.35 6. 42 35. 76 7.86 29, 60 6.00

® Non-cued 15.57 3.53 18.79 5. 99 19.33 5.34

The Tulving and Pearlstone {1966) experiment pro-
vides some data relevanttothi{s question, Word-re
call data in an experiment of this type, where words
are organized into higher-order units by the experi-
menter - in this case, into superordinate cate go-
ries - and where this organizationis adopted by the
subject, car be analyzed into two indegendent multi-
plicative components, numter of categories recalled
and number of words recalled per recalled category
{cf. Cohen, 1963, 1966). A categoryis said ts be
recalled ~ to be accessible ~ if at least one word
from that category is recalled. Given the number
of totat wnrds recalled and the number of categories
recalled, the mean number of words recalled within
recalled categories can be obtained simply by divid-
ing the former number by the iatter. For Instance,
if the subject recalls the words SUGAR, CLOVES,
and LAKE, he has recalled two categories ~ sub-
stances for flavoring food and geological forma-
tlons - and an average of 1. § words per category,
two words from one category, and one fromthe
other.

The breakdown of the word-recalldata intlo these
two components revealed two interesting facts.
First, presentation of category names as retrleval
cues affected only the number of categorles recalled.
In all lists the mean number of words recelled with-
In a recalled category wae the same under the cued
and non-cued recall conditions. Second, word-re-
call increased as a direct function of list length for
both cued and non-cued recall conditions, but again
this increase was attributable primarily to the in-
crease in the number of recalled categeries and not
{0 the Increase in the number of words recalled per
category. For the 24-word and 48-word 1ists the
number of words recalled per category was Invari-
ant,

These data suggest then that recesllof wordsfrom
accessible categories is Independent of the number

of categorles recalled, regardless of whether differ-
ences in category recall are brought about through
presentation of category names as retrievalcuesor
through increasing the Ust length and thus the total
number of categories presented. Retrleval mechan-
ism seems to operate in some sense independently
at two levelr: at the level of higher-order units of
organization and at the level of individualitems with-
in these higher-order units. Limitatton of recall is
determined by limitation of refrieval at both levels,

A further demonstration of the relation between
number of categories and recali is provided by an-
other experiment of Ozler’s (1865). In this experi-
ment subjects learned lists of twenty -four words
either under conditions of free recall or under con-
ditions of alphabetical organization. For different
groups of subjects the number of unique initial let-
ters of words in the list was varled. Forone group,
all words began with different letters, For another
group there were twelve pairsof words {words with-
in each pair beginning with the same letter); for a
third group, eight initial letters were used, each
assoclated with three different words, and so on, to
the group in which twelve words began with one let-
ter and twelve words with another. Thus, the ex-
periment can be thought of 2s an analogy to the Tul-
ving and Fearlstone experiment, with list length
held constant at twenty-four words, the number of
categories (initial letters of words) varylngoverthe
range of two to twenty-four, and the number of
words per category (words sharing the inltia}letter)
varying correspondingly over a range of twelve to
one. Ozier’s experinunt differed from the Tulving
and Pearlstone experiment In that it wasa multi-
trial learning experiment. Each subject was given
twenty trials of practice on the list to which he had
been assigned. The order of words wasrandomized
on all trials, the words were projected on a screen
at the rate of one word/second, and subjects had 95
seconds for written recall on each trial. Under the
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FIGURE 5, Mean recall on successive blocks of
four trials for list3 varying in number of difierent
initial letters and learned under alphabetical organ-
izing Instructions (A), and for a list learned under
free-recall instructions (FR). In the designationof
A lists, the first figure refers to the number of dif-
ferent initial letiers of words, and the second rep-
resents the number of words beginning with a com-
mon letter.
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BLOCKS OF FOUR TRIALS

conditions of alphahetical recall, initlal lettersof
the words were glven as retrieval cues in the output
phase. Subjects were premedical students, mostly
men, with twelve subjects per group.

On the first trial, there were no systematic dif-
ferences in the number of words recalled by differ-
ent groups, and only after the first three trials did
differences become noticeable. This suggests that
the presentation rate of 1 second/word was too fast
for words to be cued with respecttotheir initial let-
ters. The learning curves for four alphabetical
groups and a free-recall group are shown I{n Flgure
5. The mean number of words recailed is plofted in
Flgure 5 agalnst five blocks of four trfals eacliona
logarithmic scale. These curves show thatlearning
varied directly with the number of categories (num-
ber of unique Initial letters) or inversely with the
nuinber of words per category. It is also Interest-
ing to note that free recall is more efficient than al-
phabetical recall of the list in which there are only
two categories and twelve words per category.

The results of the last two experiments suggest
that under conditions where the subject is provided
with efficient retrieval cues - or where he can eas-
ily generate them from his own memory- and where
the inter-item associative strength of {tems within
a category is minimal, the optimum strategy Is to
organize the items into a maximum number of cate-

gorles. On the other hand, under conditions where
the subject can benetit from organization of individ-
ual {tems into higher-order units only to the extent
that he himself remembers whatthese higher-order
units are, the optimum strategyistoorganize items
into relatively few categorles. It is mostlikely, how-
ever, that when the number of categories is de-
creased beyond 2 critical limit the difficully of re-
trieval of items from withina given category will
outw~igh the faciiitating effects of smaller nuraber
of catygorles, and recall will decrease. In the lim-
iting case where all items in a list belongtoa single
category, recall is no better than recall of a list In
which each {tem belongs to a different category.

SUMMARY

I have argued that understanding of many phenom-
ena of verbal learning and memory would be en-
hanced if we adopted the basic orlentingattitude that
a person’s mnemonic performancedependstoavery
large extent or the methods that he wittingly or un-
wittingly uses to organize the material. Theimpor-
tant function of such orgunization is to facilitate re-
trieval of tnformation from the memory storage.

1 considered in some detail the problemof the ef-
fect of repetition on recall of a setof discrete items.
Mere mechanical repetition of items does not seem
to have any noticeable effect on the subsegquent
directed memorization of these {tems, provided that
individual items as such 2re already well known to
the subject before the experiment. Learning of the
set, however, can be considerably speededup if the
subjcct uses effectlve methods of organizingthe ma-
terial. Individual differences among subjects in
varlous learning tasks may reflect primarily their
knowledge of, and the ability to utilize effective
strategies and mediational devices,and only second-
arily their innate differences In memorizing abllity.

Different methods of organizing material may
be incompatible with one another. When the subject
has been using one method and then {s asked to ap-
ply some other method to the material he is memo-
rizing, the adjustment to the new method requires
some time, Interference withovert recaliunder
these conditions reflects incompatibility of different
types of organization, and adds further support to
the hypothesis that learning is critically dependent
upon how the material to be remembered is organ-
tzed.

It is not necessary to assume that organization
changes the amount of materia) that the subject can
retain, or the amount of information potentially
available in the memory storage. Evidence sug-
gests that organization only serves to make more
of the available {nformation accessible. The learn-
er has always more mnemonic information avail-
able, relevant to the successful accomplishment of
a memory task, than he can ordinarily make acces-
sible to recall. Accessibility of information de-
pends not only on {ts avallability {n the storage, but
also on retrieval cues. Retrieval cues may be part
of the environmental conditions prevaliting at the
time of recall, or they may have to be carried in
memory. Limitation of the retrieval mechanism
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thus seems to be determin«d by the lack of accessi-
bllity of efficlent retrieval cues, and the functional
significance of organization lies in its role of pro-
viding such retrieval cues.

Optlmum organizatlon depends on the¢ requlre-
ments of the recall task. H retrleval cues have to
be generated from memory, the materlallsbest or-
ganized into a relatively small number of catego-
ries - Mandler (1967) suggests that thls number
for common words is approximately five - if,on the
other hand they will be avallable in the perceptual
environment at the tlme of recall, the nuinber of
categorles should be as large as possible. Retrlev-
al cues such as category names provide access to
categorles or other kinds of higher-order units of
material, but once accessto suchhigher-order units
becomes possible, retrieval of Individual elements
within units is unaffected by the numbher of higher-
order units already recalled or yet to be recalled.

The evidence on whichthis account hasbeenbased
ls admittedly rather fragmentary, but the initial re-
sults are quite encouraging. Certain conslstencles
have already become apparent and further work will
probably clarify those aspects of the conceptual
framework that are still obscure.

While all this research that I have discussed was
not undertaken with a vlew to solving practical prob
lems as they occur in learning andremembering
in real-life educatlonal settings, It does have some
Impllcatlons for these problems. Iwlll review just
one, fully reallzing that it is slmply a reiteration of
what many people have sald before.

The kinds of findIngs from the simple experi-
ments 1 have described in this paper cnce more un-
derscore the need for the examination of methods
that learners in classrooms use when they acqulre
knowledge and skllls. We cannever be certain that
the methods of learning a person uses are the opti-
mum ones for the requirements of any given task,
or that these methods are sufficlently flexible to fit
all tasks which in fact do require different strate-
gies. And at the present time, we probably could
not even evaluate the appropriateness of different
approaches to different tasks or different subject
matters, sinck we know so llttle about which meth-
ods are optlmal for which kinds of learners in which
sltuations. It seems to me that educators and psy-
chologists have been more interested in methods of
teaching than ln methods of learning. Teachers are
frequently tauzght how to teach, but how often are
learners given specialized instruction In how to
learn? A good teacher may be successful because,
among other things, he organizes the materfal to be
learned for the learner, but a good learner is ltkely
to be more successful because he can organize the
material on his own even if It {s not optimally struc-
tured by the external environment.

To the extent that methods of teaching and meth-
ods of learning can be separated, itwould seem that
in the final analysis the latter are more important
than the former, if for no other reason then at least
because it might have greater transfer value as far
as the individuat learner is concerned. Even a poor
learner, one who does not know how touse his Lnnate
intellectual abilities most effectively in learning sit-
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uations, can do better i he has a good teacher to or-
ganize the materlal for him, but he cannot always
expect to have good teachers around him. In many
situatlons he has to be his uwn teacher, Would it
be too rash to ruggest that instructionInhow to learn
and how to remember be as Important a part in the
curriculum of the schools of tomorrow as are the
three R’'s now?

FOOTNOTE

1. Research reported in this paper hasbeen sup-
ported by Grant Mo. APT-39 from the Nation-
al Research Council of Canada, and Grant No.
GB-3710 from the National Science Foundation,
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=wm [)evelopmental Processes

in Thought

WHEN Professor Klausmelerchose
the titie for my paper, he asked me o deal with
three points. First, give an outline of the concep-
tual framework that 1 am goingtouse to indicate de-
velopmental processes in thought. Second, give
srme account of the research that has been carried
ou. to test the validity of the generalframework.
Third, point 0.t the educational implications of what
is dealt with in the first part of the paper.

The treatment of inteliectual processes, includ-
ing thought, is rather different in American psychol-
ogy from that in either Rustsianor Swiss psychology.
Only the future can show the extent to whichthese
treatments can entich one another, or the extent to
which the different approaches say the same thing
using different terminologies. Individuals wishing
to know more of trese three approaches would, no
doubt, be interested in Berlyne’s most revent book
Structure and Direction in Thinking (1965). However,
T shall deal with my topic 1argely from the stard-
point of the Genevan school, for Plaget hasgreat in-
flvence in British educational circles, although he
Is not quite 0 influential among British psyc hol-
ogists.

FIRST 21 MONTHS OF CHILD'S LifE

There is now much data which indicates that the
first 21 months or &0 of a ¢hild's (e are of great
importance from the point of view of the growth of
thought. Piaget has shown that a baby’s movements
are not random; ixdeed, on close inspectiontheyare
seen to tonform to a pattern. This period of devel-
upment was called by Plaget the period of sensori-

wommm Konneth Lovell

University of Leeds
Leeds, Englond

motor intelligence, because the schemas,thal is the
sequence and the structure of the actlions slowly
built up in the mind, are dependent upon the cirect
support of perception and motor activity. From
12 to 18 months of age the cl.:. 1 goes throughape-
riod of intense experimentation. He will let an ob-
ject fall to the floor to see what happens; he w.ll
knock things, shake them, or throw themto se~ if
they roll. New ways of doing things are discovered
based on a grasp of rew relationstips. For example,
2 child will pull a box toward him in order to oMaln
a toy placed on it, which otherwise would be out of
reach. And between 18 and 21 months of age, the
awareness of relationships is sufficiently developed
for the child to be able to invent new means, and to
be able to foresee which acts wiil succeed and which
will not, without pulting them to the tesat. This in-
vention comes through a covert processthat amounts
to intetnal experimentation. The earliertrial and
etror period is nL now 80 important, for the child
can increasingly represent to himsel the various
mssible actions ard how they must be combined, to
attain a desired 2nd. The child is beginning tothink,
for his actions are now carrledout inaninwardform.
Some psycholoyisis would call such irternalized ac-
tio 8, incipient or implicit responses.

During the lirst 21 months ot soof life, the ordi-
nary child elaborates the basic sctemasof the ob-
ject, of space, of time, and of caucality. For ex-
ample, the basic schemas in relation to space and
time are laid down 48 when the child adjusts his
reaching actions for nrear and distant objects, ard
wher he moves to ¢atch a swinging rattle.
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In Piagets’s view, the child itn adapting himself
to Ws environment has to assimllate or absorb new
experfences into his existing schemas. Atthe same
time he must accommodate to the environment
through the modification of existing schemas or the
build up of new ones, Cognitive adaplation to some
new situation, and hence the ability to deal with it
in thought, involves both these processes. To as-
sim‘late the meaning of a new situation the child
must accommodate to it; and in order to accommo-
date to it, he rwust be able to assimilate it. CTogni-
tive growth is thus a step Ly step process with the
new always bullding on the 0ld. But once new ex-
perience is assimilated, the child’s schemas be-
come more complex, and because of this, mor e com-
plex accommodaticns are possible. Moreover, the
child’s schemas do not remainunchanged even in the
absence of er.vironmental stimulation, for meanings
are constantly reorganized, and linked withother
meanings. This internal renovation Is, in Plaget's
view, an important source of cognitive development.
Even 80, Intellectual growth is slow. We must also
note that Plaget’s observations lead him to believe
that it is schemas in the processof organization that
children tend to repeat playfully and with seeming
pleasure. But when such schemas have become or-
ganized, the apparent pleasure disappears and they
cease to be repeated unless they are combined to
forra new schemas or serve as & meanstosome end.
Flavell (196Y) remarks that schemasare structures,
and one of their imporiant, bullt Ly properties, is
that of repeated assimilation of anything - similable
in the eavironment.

BETWEEN 2 AND 8 YEARS OF AGE

Throughout the sensor - motor period the child is
unable to use an image or word, which could repre-
sent to him an object or event not actually present.
For Piaget, the child moves ovt of this stage into
what he calls the pre-operational stage of thought
when the child can differentiate a word from what it
stands for; for example, use the sound '*dog 't
stand for, or represent, a dog. Whenhecan do this
he can represent to himself situations that are no
longer in actual evidence, and thought is Iifted toan
entirely new level. Note carefully, however, that
thoug comes before language; the latter isfitted on
to thovght that already exists. But once the child
can use language, thought Is extended over an ke
mensely Increased range. Moreover, he now has a
mote permanent and far more flexible model of the
outside world, for he s no longer dependent upon
immediate perception and motor activity for thought.,
Nevertheless, between 2and dor Syears of age,
thinking tends to center on one striking featlure of
the aiteation; it 1a also frreversidble In that the ¢hild
is unadle to move back, In his mind, to the starting
point from which his immediate thinking began. The
child at this slage can only see an evert from his
own viewpoint; he s unable to canceive the viewpoint
of other childdren. Yetby Jor dyearsof age the
child has copled the adult model of language, and at
this age we are In grave danger of overestimating
Ms level of thought from the nature of his speech.

By about § years of age a change begins to set ir,
and by 7 to 8 years of age the child's thinking be-
comes more systematited; that is, his thoughts now
cordorm to certain rules and hia thinkirg becomes

what we adults call logical. The sequenceand struc-
ture of actions in the mind, or the schemas, now
avallable are now altogether different inkind. The
abllity to reason and *‘understand’’ demands higher
order schemas which permit a simultaneous grasp
of the successive sequences of actions taking place
in the mind. The ordinary child of 7 to 8 years can,
as It were, “/look down on his schemas’ or *'‘turn
round on his schemas.” He is then aware of the se-
quences of action in his mind; he can gee the part
played by himself in ordering his experiences; and
for any action in his mind, he can seethatthere are
other actions that give the same result. That s, ha
sees equivalences. Thus he understands that 4+ 2=
3+ 3=7-1o0r that all girls plus all boys plus all
adul!s = all boys plus al} adults plus allgirls. In-
deed, there Is nuw anew kind of coordination of
schemas, ylelding a simulataneousunderstanding of
equivalences for actions within the mind, Thus the
child can now measure the same distance infeetand
Inches ard understand that the diflerent figures
mean the same thing; he can perform sublraction us-
ing the method of complementary addition; he can
decompose 42 units in 4 tens and 2 units with under-
standing. Thinking now conforms to a system, and
there is learning with a certainamount of understand-

ing

At the level of sensori- motor and pre-operational
thought there was a great deal of learning, but little
or no understand'ng ‘a the gense that the child
tearned a linear sequence of actions but was unable
to elaborate a get of equivalences. We must not In
any way beliftle learning that takes ptace betore
thought becomes systematic, for such learningis es-
sential for the growth of thought itself. Iadeed In
oler normal children, and in adults, a graatdeal
of learning s of this type.

Now because the elementary-school child ¢an in-
creasingly see the part played by himself in order-
ing his experiences, ard because he canincreasing-
ly coordinate actions in his mind and make themcon-
form to a system, he can bulldthe concepts of a
class, a series, length, time, and soon. But the
concepts that he builds are only those that he
can attain from experience with flrst hsnd reality,
and his systematized or logical thought is related
only to the world of perceivable things and events.
For Piaget, the elementary-school chiddis at the
stage of concrete operational thought and s, for ex-
ample, adle to understand certain aspects of mathe-
matics,

END OF ELEMENTARY SCHOOL PERIOD

Toward the end of the elementary-school period,
however, chikiren begin to realite that there are
gaps and uncertainties in thelr thinking, andthatcer-
tain kinds of problems cannot be solved by them. As
the chidd becomes better at organizing and structur-
ing problem data with concrete operational methods,
he tecomes more aware that the latter doesnotyleld
a logically exhaustive soltion to hir prodlem, He
gropes for new methods of attack, often in Piaget's
view, as the sdolescent commits himsel toreal life
situations.

Sofrom 11 tc 12 years of cge In able chlldren,
and from 13 to 14 in ordinary pupils, new thinking
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skills begin to emerge. Due to his continued Inter-
actions with the cultural milieu, and to the matura-
tion of the central nervous system, the individual
can produce more complex expeclations when faced
with certain kinds of situation and data. His logical
thought is no longer restricted as before,for hecan
Increasingly use statements or propositionsrelevant
to objects and thelr relations. The sequence and
structure of his mental actions, or his schemas,
are new In kind. The pupll can now begin to manip-
ulate statements which refer to classes and relations.
For example, he car answer the question 'l Henry
is taller than Mary and shorter than Debble, who Is
the tallest 7’ Or he can argue from the situation in
front of him that, ‘*Either this must be true or that
must be true,'’or he can see that “X implies Y."
The pupil can, for any sequence of actions in his
mind, see a greater range of equivalent actionsthan
was the case at elementary-school level. Faced
with certain situations the child can,at 13 or 14, set
up an hypothesis and work out what would happen il
this hypothesia was true. He ja now able todeal
with the merely possible, The pupll has reached
what Pisget calls the stage of for mal operalional
thought, and many experiments to illustrate the
growth of such thought are to be found in Inhelder
and Plaget's (1958) book The Growth of Loglcal
Thinking from Childhood to Adolescence (1958). A
number of these experiments were rapeated by Lov-
ell (1961) and Jackson (1965), and the broad stagea
in the growth of logical thinking wer e mainly cor-
firmed although the posiiicn js more complicated
than Inhelder and Plaget auggested, It must be
stressed, however, that forma® thought is found In
all areas of thinking - In history, literature, poli-
tics - and not just in sclence ard technology. There
fs much published work to support thia statement,
and i space permitted, I could give you some inter-
;slll:g llusirations for formal thinkling Inthese
lelds.

With the onset of formal thought, the pupil is able
to elaborate an entirely new kind of concept. You
will remember that in the elementary achool the
child could say how he ordered his experiance, for
he could dissociate the part played by himaelf in
classifying his experience from the characteristica
of that experience. But In adolescence the pupil 1a
able to structure and coo*dinale actions upon rela-
tions, which themselves resuit trom the coordina-
tion of actions. For example,in the case of heat in
plysics, the concept depends on the earller elabor-
ation of the concepts of mass and temperature. The
latter are developed at the level of 2oncrete opera-
tional thought, for each Is a coordination of aome
Inteitive aspect of reality, but their product 18 not.
Concepts derived at the level of formal thought de-
pend upon the concepta elaborated at the level of
concrete thought beirg completelgdetached from
their concrete contexts and manipulated as "pure’’
concepls.

BEHAYIOR THEORY

Many individuals have been brought wpon what
tnay be broadly called behavior theory, although !
ali Americans think of cognitive growth Inb2hav-
loral terma. Some are now lalking of *'sirategiea’”;
‘‘strocture and ‘‘rule’’; “programs’’; “plans.”
But for people who have studied behavior theory §

would like to review a few points that will help them
grasp how the simplest principles of behaviorism
look to a Piagetian. First, if two schemas are fre-
quently 3voked in regular succession they tend to
form a gingle, larger, schema comprlsing the tirst
and then the second in that order. The new and
larger schema 18 then evoked as a whole. This is
“coaditioning.’* The individual action is, of course,
the limiting case of a schema. Second, if two or
more schemas are frequently evoked In irregular
succession they, too, tend to form a larger schema
made up of all the original schemas. T4is larger
schema will also be evoked as a whole, although the
order of the evocation of its parts will depend upon
the stimulus properties of the situation. Neverthe-
less, its value, as a larger schema, lies in the mu-
tual inter-facilitation of its parts, Thils provides
the basis for ‘‘lrial and error’ behavior thought by
Thorndike to be the prototype of all learning. Thira.
if a situation evokes a larger ‘‘trial and error*’' sys-
tem of actions or schema as indinated in my second
point, and the larger schema includes a particular
sub- schema that is particularty appropriate tothe
situation, the effect of accommodation will be to in-
hibit anc finally eliminate the other sub-schemas
and 80 strengthen the particvlar sub-schema (Thorn-
dike’s Law of Effect).

The functional peinciples indicated under my
three points seem to be common to all schemas and
show the most elementary forms of coordination of
schemas, They mayaccountfor habit for mation, or
for simple kinds of learning, either in humansor in
animals, which involve a linear sequence of sctions,
Butl we do not know {f they could be made to account
for understanding, for the capacity to reason and to
understand are not functionsor properties of all
schemas, From time fo time a combdination of my
first two points may well give more ‘‘intelligent’’
trial and error behavior from which outsidersoron-
Jookers may Eafer that two separate sequencesof ac-
tions are equivalent to one another. For example,
2 young child, or an older retarded child runs into
the house by the snortest route whichis the one nor-
mally used. But if he {inds the gate locked, he at
once selects t.ae best alternative, Equivalenceisim-
plied by the detour behavior, but It is not explicit
in the child's representation of the situation,

Within these first and second order operational
achemas, l.e,, schemas Lhat function at the level
of concrete and furmal operational thought tespec-
tively = the operational structure of systeraa ol
equivalences form a sub-schemaof great generality
and enter into all peocessescllearning. The acqul-
sition of such schrmas are essential to learning.
Such schemas do not arise merelyby the puptl knowe
ing if his answera are right or wrong; rather they
seem 10 depend upon an active coordination by the
subject of his existing schemas =~ on hia ability to
order these actions simultanecusly and torecog-
nite thelr systematic equivalences. Good (eaching
presents situaiions in whichauch coordination La
possible and necessaty, and In enough verlety for
the mupll to dissos tate whai Is common, although It
cannot engure tids. R will readily be realized that
not all learning eithet In elemeniary or high achool
isol INsform., When a 9- or 15-year-old {s pre-
sented with & problem for whih he Aas an sdequate
schema, he will assimilatethe prodlem to the
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schema by an appropriate method of attack and ar -
rive at a solution. This is learning of content. He
hae not acquired & new method of coordination for
he already had the method. Allthe problem did
was to strengthen the tendency for this schemato
be evoked when faced with problems of this type.

The most elementary waysinwhichschemas can
be coordinated have fust been indicated and a1l
schemas probably lend themselves to this forn. of
coordination. But since these simple methods of
coordination do not involve a simultaneous appre-
hension of successlve schemas by higher order
schemas, the connections implied by the coordina-
tions are linear. We thus have a linear series of
actions at the first level of abstractioninvolving
“learning’’ but little understanding. Most learning
In the mentatyy retarded, and much In ordinary hu-
mans, Is of this type.

Let me emphasize that 1 am well aware that 1
have not allowed myself to get bogged downover the
question of whether or not the stages of cognitive
growth that I have Indicated do actually exist in the
child's (ntellectual growth. Piaget has been mu:h
criticized over his stages, some having argued that
stages do not exist In other aspects of growth. The
current praclice among researchers of subjectively
deciding whether responses can be fitted (nto Pia-
get’s schema of stages is obviously not sultabdle for
assessing the validity of these stages. More objec-
tive methods are required which would allow the
data to determine their own patterns and groupings
and to confirm or deny the extstence of atages.

FINDINGS FROM RESEARCH ON PIAGET'S IDEAS

The second part of my paper Is about the findings
from the research that has been carried out to test
Piaget's ideas. 1 have heavily condensed the liter-
ature above stnce the material now at hard (8 very
great. Studies have been made in the realm of the
general growth of logical thought, Into the child's
ability to classify and serialize, and into his notluns
of space, time, causality, and the like. Whatever
the future holds regarding the presente of stages,
1t can be said at the present that reaesrch shows
that a high proportion of protocols obtained from pu-
pils ¢an be put Into the stages proposed by Piaget,
or Into Intermediate stages. It is true to say that
the broad picture of the growth of thought, pre-
sented by Plaget, has beenconfirmed, although
there aze many blots on the canvas, and at times
one must be extremely critical of his work. But all
in all be has done more than anyone else to throw
light on the growth of thought processes. His ex-
perimenta will stand the teat of time, although his
theoretice] system s certain to undergn thanges,

The great number of studies relaling 1o the
growth of concepts shows that it is between 8 and 8
years of age thal ths puptl beging tc elaborate the
basic conceptas of wathematics and aclence for he
can now dissociate the part plaged by himsel (n or-
dering his experience. N w2 take, say,the concepl
of time, K has been amply condir med that the ¢ehid
begins to cootdinate instants and Intervals around
8 years of ace, zithough he may well have beena o3+
ing time words and telling the time for som years
reeviously. Lkewlise experiments relatisg to the
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overall growt). of logical thought have s8hown the
same general progression whether inthe area ol
science, history or religious thinking. The avalla-
ble data again confirms that it s not until 13 to 14
in ordinary pupils and 11 to 12 inthe very able, that
formal thought is possivle and second orcéer c¢on-
cepts are elaborated. I must stress, howevar, that
the aiages are not clear cut, and Ishall returanto
1his point. Indeed the stages are blurred, so0 that
when a pupil is approaching the stageof concrete or
tor mal thought, he is found to be ata more advanced
stage of thinking {n one situation than he I8 in an-
other although both Involve the same operational
structure. It is also true that In some experiments
certain stages appear to b absent;some rrsponses
are found that cannot be {itted into Plaget’s stages;
and occasionally a child is found whoappearstocon-
serve, say, weight before substance. On the other
hand, there is no research {Yat I know of, that has
shown that Plaget was wrongconcerning the se-
quence of stages for any one situationfor any one
¢hild. This was clearly seen In s recent study, just
completed, where a group of boys was tested on the
same experiments each year hetween 11 and 15
years of age.

It would not be irappropriate U I now gave you a
couple of examiples of protocols otkained innrecent
study In the growth of loglcal thought In relation to
history. It will keep our discussion well and truly
about children. 1take the example from history as
1 cannot then be accused of being Interested only In
mathematics and sctence. Puplis read a story con-
cerning William the Conqueror = the last man who
successiully Invaded England and that was In 1086,
With the story stilt {a front of him, each child was
asked individuslly, *“Was William the Conqueror a
cruel man?’ This was folloved by “Why do you
think so 7’

One pupll age 13 years 8 months gave areply
that was clearly at the level of concrete thought.
He 824, *Well, William wasn't cruel at the begin-
ning because he allowed the English Lo collect the
dead bodles. If he was really a cruel manhe would-
n't even have allowed that. Yet tater on, after the
Danes had teft, he'd no need to take revenge. He
could have reconquered the North = tried to make
treaties and things. '’ Here the pupil could use the
tnfor mation provided, but he wasnot adble to form
2 mature hypothesis from a consideration of all the
implications in a situation.

Another pupll age 14 years and 8 months replied
at the level of formal operational thought. “Rde-
pends on what you call cruvel. X the definition of
‘croel’ 1s to kill and ravishandburnfor any purpose
whatever, William was cruel. On the other hand,
¥ one i3 grejared to accept political neceasity,
Willlam's cruelty was fustified. Compared with
many other fevdatories, knights and so on, he was
essentislly 8 kind man. They ravaged generally for
their own sdvantage and without eare for the eom:
mon (olk of the land. Drke William, ¥ the common
people went with him, seems 0 have been prepared
to protecl e common people from ravages. N, how-
ever, they went against him, he seemsalo have
treated It as a deliberate breaking of faith and scted
sceordingly. So, by the standards of his own day -
ior we really cannot judge him by our standards ~

VU T ——
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he was probably not a ‘cruel man,''* This pupll
was clearly able to reason by implication of an ab-
stract lead.

One of the conslstent findings in our studies at
Leeds, and It has been supported by the work of
Jackson (1965) = a student of Dr. Lunzer of Man-
chegter - s that only a proportion of school educa-
ble retarded pupils reaches the level of concrete
operational thought even at the age of 15. It has re-
peatedly been shawn to be true i respect of mathe-
matics and sclence; while recently we have shown
that the growth of English morphology In such chil-
dren, even at 15, is 12ss advanced than that of nor-
mal children of 4 and 5 years of age {f we accept
Berko's (105¢) data as representative of Amerlcan
children. Our findings, which will be published,
were predicled from our knowledge of the thinking
of this type of child in other areas., The learning
problems of school educable retarded children, and
of the least able left in elementary and high school,
stem from the fact that their schemad permitonly
a llnear series of actions below, or Just at, the lev-
el of concrete operational thought. They learn, but
they do not “'understand.’ Transaler certainly takes
place In these pupils as it did in Harlow’s apes, but
only when the schemas Involved are less complex
than those required at the level of concreteopera-
tional thought.

One great 1ssue that research hasclearly indi-
cated is (hat problems that appear to have the same
operational structure are not allsolvable atthe
same lime. Much research shows thatbothconcrete
and formal operational thought is, at first, a task
specific within limits, and that thinkingIsnot organ-
ized to the extent that Piaget’s theory would indicate.
Dodwell (1960, 1961) showed that there wa s only a
moderate correlation between tests which, in Pia-
get’s view, all Involved the same level of thinking
end which all involved integral aspects of the number
concepts. Later Dodwell (1962) pointed out that
while the conceptas of class and numberdevelop with-
in the same age range, there was no clear Indication
that they both arose together or that one was elabo-
rated before the other. Likewlse we at Leeds have
found, as did Dodwell (1983), that a pupll couid be
at different stages of thought 1n three lests dealing
with the concept of axes of reference. Indeed, Pia-
get (1960) himself has now admitted that operatlons
are otly gradually applied to larger and larger nu-
merice] sets, while he has always made it ¢lear that
It takes a child, on the average, twoyears to gen-
eralize concrete operations involved in appreciating
conservation of quantity before they ¢ an be applied
to conservation of weight, althoughfromthe point of
view of cognitive gtructure the operations are the
same. Even when the concept Involved remains pre-
cisely the same, the quality of the child's thinking
will vary according to the apparatusused (cl. Lovell
and Slater, 1960).

R would, of course, be anfair tothe Genevan
workers If one {ailed to emphasite that they have
made some provisicn for these eventualities. Inheld-
er and Piaget (1958) poinmed out that conerete opera.
tions consist of the direct organizationof imme fiate-
ly given data and they cannot be generalized to all
situations at oncs, For example, length ts con:
ceived before welght  This, in the view of InteMer
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and Plaget, Is because it is more difficult to serial-
ire, equalize, etc., objects whose propertles are
less easy to dissociate from one’'s actlons, e.g.,
welght, than to apply concrete operatlons to proper-
ties that can be rendered moreobjective, e.g.,
length. Plaget (1956) also speaks of the notion of
“‘horizontal differentials.’’ This suggests that the
same or simllar concepts when derived frum differ-
«nt materlals or siluations, developin staggered se-
quence rather than simultaneously. But this notion
does not (it well into his general theory.

At the level of fermal thought we find much the
same. In a study recently completed, in which chil-
dren were questioned individually, we havefound
that the schema of proportion is not available [n
problems involving money, speeds, areas, serles,
etc., at the same time. Mathematical concepts
seem often to be available at first In specific situa-
tions, even when they depend on second order oper-
ational schemas. Lack of epecific experlence, in-
formation, vocabulary, expectancyor individual dif-
ferences in Intellectual functioning which are un-
known, most probably all play some part.

A numbe? of studies have been undertaken, based
on a neo-behaviorist approach, to see if intensive
periods of specific training lasting afew weeks, can
speed up the growth of understanding of particular
Issusc; ‘or examgle, the conservation of number or
welp't. Te- oulcome of these studles pasbeen
largely ucunclusive. Plaget’s vlew (Ripple and
Rockcastle, 1064), which was expressed in 1964,
Is that the child may learn something of the situa-
tion, but the training will have no eflect on his gen-
eral level of understanding for the pecific attack
13 too trivial. The modification of 1 chiki's mental
structures In Paiget’s view, necesslitates afar
wider, more lasting, and more radical approach
which Invclves many of Its child’s activities.

THE WORK OF SMEDSLUND

in concluding ihis section of my paper fwill re-
view a few details of a recently pudblished work of
Smedslund (1964). It was a very Imporiant study as
It {2 extrememly relevant to some of the points that
1 have raised in this section of my paper. The spe-
¢ific parpose of the study was to investigate the in-
terr lauions of the specific acqisition of ability for
cancrete reasoning veing different ltems. He care-
fully 1aid down a number of methodologicalrules
which were applied to the construction of items In
order to maximlize their diagnostic validity. The
ftems Included clags Inclusion, reversal of spatial
order, conservation of discontinuus Quantities, con-
servation of length, transitlvity of length, etc., =
nine items In all. Many of the items have sub-items.
All the tests were givea Individually to 160 chiMdren
age 4 years 3 months to 11 years 4 monthe, evenly
distributed over age and sex.

the upshot of his findings was that ender the giv-
en vonditions of the experiment, one Could predict
with a fairly high Segree of confidence from the sue-
cess or {allure on one sub-item to successor fail.
ure on aAncther sub-item; that Is, Intra-{tem relia-
bility was high. On the other hand, the plctare was
different betweenitems, for the Inter-item
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relationships were far lower. The difficully of the
ltems varied f,om 122 passes to 77 passes. When
children who had passed or falled all the itemswere
excluded, only 18 percent of the remaining subjects
conformed with the bypothesis that the itenis are ac-
Quired ir the crder of thelr difficulty as measured
by the total number of subjects passed.

Smedslund poirts out, in retrospect,whathe con-
siders to be a marked weakness in his study. He
proposes that when investigating a concrete reason-
ing task we need to make a cleardistinctionbetween
percept - a process depending upon the momentary
stimulus input; goal object = that which the subject
{s told to attain; Inference pattern which is
formed by the set of premisesand theconcluslion.
For example, the stimulus situation as apprehended
by the subject are the percepts; quantity and length
are goal objects; and conservation and transitivity
are inference patterns. Smedslundthinks that since
all three factors influence the solution rateof items,
the effect of a single factor can only be studied with
the others held constant. The author (s of the opin-
jon that other things being equal, consarvation pre-
cedes transitivity, but he feels that only n relation
to one goal cbject, and one narrow perceptual ¢ on-
text, will it te possible to determine whether or not
conservation, transitivity, seriation, assoclatlvity,
commentativity, addition/subtraction, multjplica-
tion, ete., are acquired Inrigid predictable se-
quences. Here, Indeed, Is a fie'd for research.

IMPLICATIONS

In this section of my paper, [ want to discuss my
Interpretation of the educational implicaticns of Pia-
get’s work and to suggest onr or two lines of re-
search, Tobehelpful [have listed a number of points.

1. While experience is alwaysnecessaryfor men-
tal growth, Piaget is clear that mere submission to
external experience is not sufficient to make a chiK
restructure his own thinking. Rather the child has
to be active. He has to act on material thinge and
become aware of the significance of his actions.

2. His observations led him to believe that it is
schemas that are in the process of organization that
children tend to repeat playfully and with seeming
pleasure. Further, when such echemas have be-
come organized, the apparent pleasure disappears
and the schemas cease to be repeated unless they
are combdined to form new schemas or serve asa
means to some end. J earning then seems to starl
from the child, from the schemas that he already
has avajladble. Actions on his part, that s, explor-
ing, discovering, using new ways to solve old prob-
lems, all have an intrinsic interest for the young,
and are seM-extending. Naturally the tevel of in-
trinsic motivalion varies from child to child, due,
perhaps, to the level of activity In certain areas of
the cemral nervous sysiem. Bul when the schemas
required for the solution to some prodlem are not
too far removed in compleaity from those availatle
to the child, the insdequacy of existing schemas will
fotce him to accommodate to the tonditions of the
problem. Hence the chiddresiructures his own
schemas toward greater cognitive adaptation to his
environment. Not only does the child solve the prod-
lem, bot he extends his capacity for further learn-
ing. The implication of Piagetr’s {indings ts that we
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need to begin to stimulate the intellectual growth of
the c¢hlld in the early weeks of life. Thechildneeds
to encounter a varletly of changesof sensory experl-
ence in respect of sight, sound, touch, and move-
ment. He needs an opportunity to see and graspa
varlety of objects, and later, sultable toys that in-
volve him in a greater range of tctions; opportuni-
tles for physical movement and experimentation;
and novelty. We must always bear in mind that
there must not be too great agapbetweéen the
schemas available to the ¢hild and those demanded
vy the situation. Yet In spite of the help given by
Piaget in assessing a child’e level of thinking, what
is involved in producing the correct amount of gap
between the schemas available to the child and those
demanded by the situalion remalins vague. This is
where the Intuitive skiil of the teacher is called for.
it 1s his task to arrange, or find In the environment,
problems which call forth the schemas of the child
in new and novel ways.

3. While language acts as a vehicle for thought
and enables It to be carrled Immensely further,
language is fitted into the thinkirg thai originates In
the first two years of life. I thought and language
are to keep In step with one another as the child con-
tinvousty models his language on that of aduits, the
child must be aztive in building his thought proc-
esses. If this 1s not the case, itismore likely that
the child'a verbalizations will lead adults to think
that he understands more than he actually does.
There is a grave danger of this happening between
sbout 2 and 5 years of age since the child has copied
the adult model of language yet he remains at the
pee-operational level of though. One {indamantal
lesson for parent and teacher from Piaget is that
while language is important, mere verbalization and
verbal knowledge are of little value in themselves.

4. Plaget (1926) indicated that social influences
play a role in helping a childto movefrom cognitive
egocentrism to sysiematic thought. Mere experl-
ence may have no effect on the available schemas,
or an attempt may be made to distortthe experience
80 that it could be assimilated. But sccial interac-
Lhon with the peer group forces the child to re-
examine his own thinking, &~ that be can satisly his
need to share the thoughts of others and his need to
communicate with them. Argument with the peer
group forces the chiMd to reason with himsel, Like-
wise, dialogue and discussion with parents and
teachers, the answering of questions, elc.,contrid-
ute to the growth of concrete operationsl thought.

5. Piaget’s views clearly support wlat s broad-
ty cal' . adiscovery approach to learaing with a
judicic  1se of exposition atllhe elementary school
level. _at in high school more use can be made of
exposition since the chid's ability to appreciat2 ti2
form of an argument improves, and he is able to
elaborate concepls nok themselves derivable from
first hand experience. The Geneva school argues
Uhat the onset of the stage of fc« mal thought is rel-
ative to the culture pattern. Beyond the sge of 12
years or 20, Jdue (v Mysiclogical factors, (his lev-
el of thinking way be 2 product of the progressive
scceleration of individual development under the in-
fluence of education and calture., The 13 year-oMd
is not only dissatisfied with the gaps and uncertain-
ties resulting from concrete operational thcught,
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but he Is beginning to think beyond the present,
This thinking ahead is likely to be determined by the
experiences received at home, at school, and at
work; his soclal attitudes; the ¢limate of opinionand
expectancy in the communily, and the concepts that
are fraquently made use of in the society, In com-
mitting himsel! to the future, the adolescent begins
to build theorles.

All high school puplls thus need the opportunities
to discuss with adults and teachers, and among
themselves, viewpoints and theories relating to var-
led problems; the viewpoints and theories some-
times being in direct conflict with one another. They
also need the chance to see, at first hand, thekinds
of employment that will be avallable tothe m, and
be in u position to think of, ard discuss, thefr fu-
ture roles £3 workers and cltize's. They thereby
get greater opportunities to commi. themselves to
possibilities. The grester the need to question and
find out, to siruggle for solutions to problems, and
to commit oneself to possibllities, thegreater
seems the likelihood of formal thought developing.
It may be that the culture pattern rather than the
school plays the greater rote in the growthof formal
thought although we do not know Uf this is 8o In fact,
Peluffo’a (1964) study, which compared children
born in Sardinia tut who had beeninGenoa for vary-
ing lengths of time, with children born and bred in
Genoa, gives some indication of the likely effecis of
the culture patterr on the onset of for mal thought,

8. In the upper-elementary classes and in high
school, extrinsic motivation begins to influence the
papll. For example, he may become aware of what
his parents or society expect of him; or he may fear
fallure or punishmrert If he does not work hard. One
must not belittle tnis kind of motivation for it often
stiniulates the child to learn and to work as hard as
he can at the level of thinking at which he is. But
there is no evidence that [t can, in itseld,changethe
quality of the pupil’s thought. Extrinsic motivation
may well hold a pupil to a task, and in virtue of the
peolonged child-task inter--ttion enable him to re-
structure his own schemas. Thusexternat influ-
ences which are at work over a number of years,
a8, for example, parental encouragemeri,can play
an important but indirect part in intellectual growth,

CONCLUSION

In contlusion, 1 would tike to suggest areas in
which we need research:

1. What are the long-term effects of very early
stimulation of the culturaily depeived and of certain
types of school educable retarded children? H such
1s commenced during Pisget’s sensori-motor stage
of development, how do the long-lerm owleomes
compare with those outcomes when the enriched en-
vironment 19 delayed untll 3 and Syearsofage? The
recently reported Jong-term stody of Skeedls (1983)
in America suggests that very early atimulation
may be of great importance, And what is the most
suitable stimulatiorn. to provide at §, 9, 13 months ?

2. What are the Jong-term effects of an education
based, as it were, on Piagetian ideas, particolarly
when they employ m..terials and situations of intrin-
sk interest to the child, from K throughgrade 4?

Of course there will be some exposition, as there
will be an Increased praportion of time spent on ex-
position in the upper classes of Lhe elementary
school and In high school. What are the long-term
effects of such methods over, say, 15to 18 years?
Is there any difference between such children and
those brought up on other approaches at the second,
fourth, eighth, and twelfth grades?

3. What s the effect of the emolional iife on cog-
nitive development? This Is an important, aithough
complex, question that cannot be brushed asids. In
the 3 to 5 year period especlally, fantasy - whichl
define as emollon ¢lothed with images - {s playing
a rote In the growth of thought, Welgnore this at
our perli. U In real life a child can dramatize his
fantasy, he may free himself from the dominance
of fantasy, and thought processes may develop
smocthly., When the 2- to 5-year-old is presented
with a story or situvation which he only partly under-
stands, he brings to It his experiences and h!s fan-
tasies tn fill in gaps and structure, say, the story.
Each young child will have something of his own in
the interpretation of the stosy, for information can-
not yet be classified systematically and objectively.
In the fairy tale particularly - which again is only
half understocd ~ the child's feelings of fear, anrer,
love, ete., which already exist, are perceived
by him In the story. The storyactsasamirror and
he is helped in recognizing tae parts In himself In
1he *‘Good Prince' or **Bad Dragon.’’ The “‘mirror-
like properties’’ of falry stories, and the fact that
he can structure [t with his own experience and fan-
tasy, perhaps explains its abiding value. Similarly
the chiid deals with his fantasy in painting or model-
Ing. At 6to 7 years of age fantasy Is still at work,
but the child is In better control. He may now ac-
cept a story tha’ he could not tolerate at 4. lamno
clinlcian in the sccepted sense of the term, but |
have enough experience with young children to know
that the fantasy life Is playing a role inthe growth
of thought processes although we havelittle evidence
in a sclentlfic sense on this point. What is the ef-
fect of kindergarten and s¢hool activities and shich
are likety to help Lhe child to control his fantasy?
What is the effect of using raterlals likely to have
personal signtiicance for him? The mathematician-
logician may be torgiven for ignoring this when he
is trying to teach kindergarten children something
about sets, The psychologist and educator should
realize that here is an Important field about which
we know little,

4. What 1s the effect of the culture pattern and
subculture patterns on the growth of uman thought
processes? We know something of the relation be-
tween socjoeconomic groupings and attainment but
far less about such groupings and thought. Evidence
from Hong Kong via Goodnow (1962), and from the
Tiv trite of Nigeria via Price-Williams (1981, 1962),
suggests that culture pattern may not have as seri-
ous effect on the growth of concrete operational
thought a3 on formal thougt, especlally i the ma-
terials used are well known to the testees. Never-
theless there is some delay al the level of concrete
reasoning due to culture pattern as the work of Pe-
hifo (1964) in Rtaly, and Almy (1968) in America.
\That are the characteristics of the sub-cultares
that have the greatest downpulling effect?
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5. We need to know why a schema, say. that of
peoportion cannot be applied to a wide varlety of
sltuations at the same time How imporlant Is fa-
miliarity with the problem, lack of specific experl-
ence in that area, and expectations basedon previ-
ous experience?

6. We n>ed a very great deal of Information re-
garding the growth of more advanced concepts in
mathematlcs and science,e. g., *‘function’’ and ‘‘en-
tropy. "

These questions that [ have raised are broad
ones, but ones of great Importance. They are of
significance to manking, not to just the Amerlcans
or the British.
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memm Promoting Creative Thinking

in the Classroom'

THE LAST decade has seen a shurp
increase in the volume of researchoncrealivityend
creative thinking with a major focuson isolating the
basic processes of creative thought (Mednick, 1962;
Mendelsohn and Griswold, 1964) and on identifying
tha unique characteristics of creative persons (Mac-
Kinnon, 1965; Barron, 1964; Crutchield, 1963), De-
spite such unjrecedented interest in Creatlvity. un-
til quite recently there har been relatively little re-
search on the general problem of nurturing and pro-
moting creative thinking, especiallyintheclane-
room setting. However, due partly to increased
public awareness of the need to husband our intel-
lectual resources. this important topic i beginning
to receive the attention and research svpport it de-
serves,

The purpose of this paper is to describe part of
the research program at Berkeley for developing
curriculum programs simed at promoting the yene
eral level of creative thinking among elementary-
school ¢hildren and to consider some of the pedagog-
fcal implications of such research, especially re-
garding the valve, leasidllity. and justifkation of
teaching for creative functioning. For a surver of
olher current research in this area representing
differing theoretical and methodological approaches,
pee Myers and Torrance (1980), Osdoern (1953),
Parnes (1985), Suochman (1981), ark' Upton and Samp-
son (1981).

By way of introduction, it should be noted that
most of the current atiempts to develop such teach-
ing materials, including that of the Berkeley group,
share tvo fundamental assumptions: (1} that all

smmm Ma:tin V. Covington

Untversity of Catitornio
Betkeley

children, regardless of age or initial Intellectual
level, fall far short of realizing their potential for
creative thought, and (2) that these individuals can

be tavght to make fuller and more appropriate use
of their capacities by means of systematic and
direct tralning of certain cognitive skills.

As for a definition of a creative child (inareal
sense {he ultimate criterfon by which t he suvccess
of a teaching program must be judged), it ts gener-
ally agreed that he ts intellectoally curlous and ex-
ploratory, taking an active part in manipuisting and
reconstructing his environment. To paraphrase a
namber of current definitions:

The creative ¢hild prefers to explore the un-
kaown, rather than 1o conserve the already
kncwn: he prefers explaintag facts in new
ways, rather than continuing to rely on tra-
ditional well- established explanations; he in-
dulges in adventuresome thinking and raises
quegtions, rather than being content with
things ax they are.

With these peeliminary comments setting the
stage, we turn next to more pointed observalions
about the nature of creative thinking and how be s
tofoster it ~ observations which to a large degree
have determined the specific form and character of
the research of the Derkeley group. Asa first step,
we will Kentify and discuss several widely-held mis-
conceptions about creative functioning and its fecil-
flation.
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MISCONCEPTIONS CONCERNING THE N/ TURE
OF CREATIVE THINKING

Perbaps the 1105t commonly held belief concern-
ing creative furctioning is thatthechildwill become
creative of his own accord - by drawingonsome
heretofore latent potential - {f only he canbe placed
in a stimuiating yet pesmissive and nuituring en-
vironment. The erronecusness of this view is due
not 80 much to a misreuding of the nature of man as
it Is to an oversimplification of the means by which
his lalent capacities are {o be realized. More spe-
cificzlly, an environment which is at ance per mis-
elve and st!malating undoubledly plays an important
role in ¢stablishing the conditions necessary for
creative cutput, but this is only part of the story.
In order to take full advantage of un unrestritive at-
1rosphere, the ch!ld must first come to understand
whai consilitutes craative ideas in thygiven sltuation
ard how he can achlieve such ideas for himsel, In
shorl, he must learn how to thinkcreetiveiy. in
this connecticn, a growing bedy of ohservational and
emplrical cvidence (Hammer, 1981; Holt, 1264;
Peel, 1850; Torrante. 1965) indicaiesthat most
schoc! children are inadequately pr ‘pared for crea-
tive thinking. Corroborative data gathered by the
Berikeley group at the fifti-grade and sixth-1rade
leve’s reveal a conspicuous inability among students
1o think of any ideas, much lessclever ornovel
ones, Moreover, there Is little understanding of the
nature of originality and virtually no sense of plan-
fulness which is necessary for prolonged effective
work on a credtive task. Not surprisingly then,one
finds that the responsea of mostchildrentochalleng-
ing tasks, even in a permissive environment, are
by and large pedestrian and generally lacking in
creative merit.

In order (o thirk creatively the child must have
at his disposal a repertoire of creative thinking
skills. Toname afew: the ability to recognize
gaps in existing Infcrmation; a facility at formulat-
ing relevant questions, and a sensitivity toihe de-
mands of the task 85 one can adequaiely judge the
suitabllity of proposed tdeas. The epitomy of crea-
tive thought is a sense of *'disciplined abandonment. '’
An array of cognitive skiils such as those just men-
tioned constitutes the ‘‘discipline” component which
must be present in concert with an accepting nurtur-
ing envitonmem before the child can take full advan-
tage of such freedom and ‘“abandon'* himself to the
task at hand. Thus, seen in this perspective, the
job cf fostering ereative thinking is a more compli-
cated undertaking than suspected by many, It 1s
mote than merely providing a permissive atmos-
phere for the release of creative polential; it is
more like teaching the child how to make use of his
freedotn to create.

H one must teach chidreatothink creatively.
then what kinds of pedagogical strategies would ceem
mosl appropeiate? There are, no doubt.a number of
teasonable answers to this question. For example,
one approach = the traditiond) one = {a to teaeh In
toch 2 manner that the ¢hild will come 10 act crea-
tively in 2 namber of differet subject-matter d1a-
ciplinres. Ancther contrasting, yel complementary
possibliity is to tesch for a namber of eognitive
skills tundamental to all ereative thinking and then
shotr the student how such generalized skilla can be
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applied In specific subject matter areas. This lat-
ter etrategy carries with it the implicationof devel-
oping curriculum materials whose subject-matter
is the creative thought process itself, As we shall
see presently. It I8 this approach which is being ex-
plored by the Berkeley group.

Although there is considerable latitude with re-
spect to the varlety of reasonable approaches for
promoting creative thinking in the classroom, there
are liinits, Some limits can be established based
on our growing knowledge of the dynamics of the ere-
ative process, For example, it has been well es-
tablished that creative thinking I8 largely dependent
on cognitive operations and dispocitions of 8 non-
logical cheracter. Yet despite this, the notion as
well as the practice pers'sts of teaching for logic
and for critical thinking as means for promoting
creative functioning. As we shall see shortly, cre-
ative thinking, whether it be in sclence or in the hu-
manities, involves a good deal more than rational
and critical apalysis, and to teachonly fcrthese
functions to the exclusion of more Imaginal specu-
lative processer 1s to fall short of fostering crea-
tive thought.

It has been further argued that teaching for sci-
entific methods of thinking will establish a respect
for the lawfulness and the simplicity of nature itself.
Although the child may indeed infer [rom such exer-
cises that nature 18 orderly and lawful, sucha' w-
derstading may durlously enough act to fetter cr1ee
ative thought. More specifically,ascurrently taugin,
elementary school sclence, the humanities, and 1he
soclal sclences as well, do not always reflect the
way scientific investigation andcreative scholarship
actually happen. Creative contributlons to any field
of knowledge are made by wrestling with ambliguous
conflicting facts and data wiin the overail aim of
bringing conceptual order out of chaon. However,
as represented in many current textbooks, the
drama of the pursuit of such order and understand-
In, is replaced by an ¢ sersimplified, tailored, and
predigested view of a discipline, emphasizing what
is already known and stressing the all-encompass-
ing explanatory power of presently accepted theorles
or laws. Such 2 simple, ¢lrar-cut presentation
which smooths over complexity and controversy is
designed primarily to muke for moreeffictent leasn-
ing and retention, rather than to focus on the prob-
lem of how the child himsel can learnto manipulate
a given set of facts, (o draw his own concluslons,
or Indeed to discover newfacts, which is after all,
one of the primary funclions of Lhe ereative Innova:
tor. There 18 little question that such textbook pre-
sentations will make for the most rapid, untroubled
assimllation and mastery of the mater ial, but it
should not be assumed that (e approach which
makes for the mos! efficlent learning will also be
most effective in fostering ereciive and productive
thinking,

Morearer, in the way most mibject matter haa
been traditionally tavgM, the studestis ratrely al-
lowed to practice on prodblems whichrequire Innova-
tive modes of thought for their acluttion. Conse-
quently, he has no direct opportunity to learn what
constitutes creative ways to manipulate data, nor
to develop an Intuitive sence for designing research,
vor loask questions whichfavor sérendipity and

U ——
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maximize the chance for new insights. In short,
the child does not acquire the cognltive £kitls which
would be most helpful in preparing him for future
productivity.

A specific case In point Hllustrating the lack of
emphssis on thiekirg creatively about facts and in-
formation {s the set of so-called ''dlscussion ques-
tions'’ found at the end of many {extbook chapters.
As commonly used, these queslions are not partic-
ularly helpful In promoting creative patlerns of
thought. Often the student is merely asked to think
about these questions with little or no subsequent
follow- up discussion of the adequacyofhis answers.
With minimal dialogue betweerti the student and the
teaching authorlity, the child rarely gets any syste-
matic feedback as 1o »nat counts as merely an ade-
quate answer as oppcsed to an ingenlous, novel one.
Even In those cascs whire the feacher finds time to
comnient on the quality of the pupll's essays, the
feedback s Inevitably delayed, thus reducing the ei-
fectiveness of the exercise. Because the child typ-
ically operates trom question to question in what is
esseontially a ““cognitive vacuura®’ with little oppor-
tunity to protit from his past efforts, he is unable
to develop any internal efandards of excellence
against which he can evaluate subsequent ideas. In
effect this means he {s unable to modify his efforts
in the direction of more creative and imaginative
output.

Another feature of such discussionQuestions -
their placement at the end of the chapler - strength-
ens the impresston that these exercises a~¢ simply
an appendage, added to the text as an afterthoughs
rather than forming a central part of the learning
experience itsell, Moreover, their placeumnentoe -
curs at the psychologically Inappropriste moment
for stimulating productive tdeas, By the end of the
chapler moch of the intellectual tension and drama
buiid up as part of the content presentatfon will have
dissipated, maXng it difficell to engage further the
chiid’s interest. In contrast, the placement of dls-
cussion questions should be coordinated withthe pre-
sentation of Lhe content liself, capitalizing on the
student's immediate curlosity and momentarily
aroused Inferest.

RECOMMENDATIONS FOR A CURRICULUM OF
CREATIVE THINKING

Recognizing some of these pedagogical deliclien-
cles, what can be recommended withregard toa
curriculum for creative thought? The first recom-
mendation is that such a currikulam feature re-
peated opoortunitles for the child to practice wrest-
ling with complex challenging Lasks of the kind that
might, 1n a more complex form, engage the elforts
of creative adults. Of couree, tuch problems (which
we shall call “‘creative-taske-in-miniature’') mast
be scaled down and simplified in many respects -~ In
pariicular, reduting their dependence on technical
or specific knowledge. Neveriheless, evenwithvar-
tous modifications ¢ this type such tasks ¢oeld still
retatn the basie elements of ary Intellectoally crea-
tive undettaking. A second recommendation is that
certain broad guides and strategies for creative
thinking be introdoced as the child works on these
tasks, Such guides would act as points of reference
around which the child could organite his work and
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would impart an atmosphere of planfulness to the
process of problem sotution.

Next, what can be said more specifically about
the nature of these ‘‘creative-tasks-in miniature'’ -
their particular content and the composition of the
accompanying rulas and strategies for productive
thought? It s sobering to realize that the creative
Innovators of the year 2000 {only 32 years hence)
are to be found in the elementary schools o! today.
As these indlviduals stand on the threshold of the
twenty-first cenlury, they will be confronted by sci-
entific revelations and soclal issues [fterally un-
dreamt of today as well as alarge share of cld prob-
lems left unsolved by previous generations, To
meel these chailenges the innovator of tomorrow
must creale new soclal systems, newsclentific tech-
nlques, tools, and theoretical structures. To
sccomplish this, he cannot rely on presently fash-
lonable views as to what constitutea frultful scholar-
ship or good sclentliic method, nor can we affordto
Instill In him a blind devcdlon to currently fertile
theorles, since much of this theoretical apparatus
is already approaching obsolescence. Here then is
a compelling argument for the necessity of tcaching
broad strategles for creative thought and of encour-
aging cognitive flexibility and inteliectual curlosity,
rather than merely teaching for whal we presently
take to be true or useful.

What kinds of tasks could children practice on
now 1o prepatrc them for thelr roles as the lanova-
tors of the future? Two kinds are suggested: the
hypothetical problem and the enduring prodlem. The
former type minimlzes reliance on present facts
and theorlies in odlaining a solution, while the latter
type focuses on the deathless lesues 6f human af-
fairs which are certain to be the subject of ¢reative
reinterpretation and re-evaluation in any futare age.

Typically in the case of the hypothetical problem
certatn artifictal conditions are postulated which do
not correspond o pres:nt realities, and the individe
ual is called on b operate within these internally
conslstent but artificl.] systems. One prodlem of
this type, which ttself has become popular as ameas-
ure of creatlvity, (s Lhe consequence test: glven
¢cerlain conditions, such as a world in which time
runs backwards, what are all the consequences?
Such prodiems demand cognitive tiexibility, imagl-
nation, and the abllity to adopt as temporatily real
a set of forelgn and urfamiliar assumptions.

At Berkeley we are vow drawing up plans for an
experimental tesching apparatas which simulates a
visi( to a strante planet. The student is put In
charge of the first exploratory expudition. His joo,
a highly creative and demanding one, is to come to
understand and 10 explain the welter of sirange
events which he wiil encounter in this alien, onfa-
millar world where the wsual physical, blological,
aod socfal laws are suspended or greatly modified.
Here the child (s literally confronted with a hypo-
thetical world which, although it is ordered and in-
ternally conststenl, operates inways that pan
courter to his previous experience. Remust sase
pend his present expeclancies aboul the world as he
knows it long enough to create new explanations for
strange and perplexing phenomena. Thus, by per-
mitting the child to deal with hypothetical lasks which
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call for tha creatlon of new systems of 1deas, Inde-
pendent 0. present facts and assumptlons, he can
hedge ag .inst the time when these facts will outllve
their usefulness and wlll no longer serve as a basls
for productlve thought.

Granting the largely unknown course of future
events, there are nevertheless certain enduring
problems of man and soclety which are constantly
reasserting themselves and no doubtwlll engage the
attention of future creatlve thinkers. The young stu-
dent of today can best be prepared tocope with such
Issues in adulthood by being presented now with re-
peated opportunlties to deal with enduring themes
and quandries: to search for new impllcations and
to re-phrase them in contemporary terms. Many
of e most sultable teaching examples are found in
literature, such as the Greek mythof Slsyphus, deal-
ing with man’s reluctance to accept his fate; the
tragedy of Frankenstein, reflecting the consequences
of raan’s age-old drea«n of creating a more perfect
being is hls own image; or the mythlcal Icarus, per-
sonifylng man’s unflagging zeal to explore nature
regardiess of the consequences. Of course, ftis
underatond that such issues cast in the form of teach-
ing examples would have to begreatly simplified
and made appropriate to a chlld’s level of under-
standing. Notlce, however, that such modificatlons
are made easler by the fact that the traditlonal ve-
hicles for the dramatizatlon of these issues are
themselves reasonably constant — the novel, the
play, and the piem - providing already familiar
medla through which children can express thelr
faeas. In this connectlon, we shall presently de-
scribe a ‘creative-task-in-ruiniature’’ {n which the
student creates a play dealing with yet another tlme-
less and recurring theme - the plight of the wrong-
fully accused.

Finzlly, what are the sources on whichone can
draw in formulating a set of broad cognitive skills
and strategies whlch conld be taught now to prepare
children for future productlvity? Informatlon con-
cernlng such generallzed cognitlve strategles canbe
gleaned not only from laboratory research deal-
Ing with complex problem <olving and thinking but
from anecdotal and life-history accounts of highly
creatlve Individuals as well. Inthe first instance
there is a steadlly accumulating body of knowledge
from the psychological laboratory concerning the
kinds of factors, Loth facllitatlve and inhibitory,
which influence the course and quallty of productive
thought. One widely documented example Is the del-
eterlous effect of rigid mental set on effective prob-
lem solving (Luchins, 1942), Here, because the in-
dividual inltially formulates or percelves a task In
a narrow and inherertly biasing way, he is effectively
sealed off from attaining a solution. A number of ap-
propriate thinking strategies Incorpora..ngthese and
other research {indings can be formulated. For ex-
ample, with reference to the present example of
mental set, the student can be taught to viewa prob-
lem broadly, to re-phrase questlons in new ways,
and to resist jumping to premature conclusions.

The other 3ource of cognitive strateglies comes
from anecdotal descriptions of creative individuals
at work (Ghiselin, 1952; Koestler, 1984). A number
of Insights into the fundamental nature of creative
thought have grown out of suchobservations as well

as the discovery of lmportant phenomena assoclated
wlth creativity, such as incubationand Intultlon. As
an eaample, the famous and widely clted self-re-
ports of Poincare, the French mathematician, have
served to focus attentionon the conceptually fertlle
notlon of creatlvlty as baslcally a process of recom-
blning ideas In new and novel patterns, And of most
relevance to our immedlate concern, such observa-
tlons have led to the elucidatlon of a number of spe-
ciflc problem-solving strategles, among them the
technique of Identifylng the essentlal elements of a
problem situation and dellberately juxtaposing them
in varlous ways (Campbell, 1960).

By combining the experlmental laboratory ap-
proach and fts virtues of empirical valldatlon with
the richand broadly inclusive self-reports of the
highly creatlve thinker, une can formulatea set of
rules and strategles which are pervasive enough to
apply to a variety of creative tasks, yet simple
enough to be readily understood by elementary-
school chlldren.

In summary of the first section of thls paper it
has been argued thatbefore the student can take full
advantage of a permissive stimulating atmosphere
he must be taught how to think creatlvely. In devel-
cping a teaching pregram for creatlve thought the
single most lmportant pedagoglcal Issue ls the long-
term social and personalusefulness of what is
taught. It has been suggested that one reasonable
teaching strategy, in light of this conslderation, Is
to strengthen those cognltive skills baslc to all cre-
atlve thought in the context of complex yet meaning-
ful problems which reflect the principal steps in the
creative act. These observations, taken as a whole,
have formed the broad guldelines for the research
czrried out by the Berkeley groupover the past
several years.

THE PRESENT RESEARCH

As afirst step it was decided to develop a set of
prototype instructional materlals deallng with only
one aspect of productive thought- creative problem-
solving. If the particular teaching approach showed
promise, then other programs would be designed
iocusing on yet other domains of creative thought
such as creatlve innovationand creative expression.

After several years of intenslve effort involving
p.erous pilot tryouts, successive revislons, and
seveval full-scale experimental studles, the Gen-
eral Problem Solving Program was developed (Cov-
ington, Crutchfield, and Davies, 1866). The Gen-
eral Problem Solving Program (GPSF) conslsts of
aserles of sixteen “‘creative-tasks-in-minia-
ture’’ designed for the fifth-grade and sixth-grade
levels. These problem episodes actasa vehicle by
which the student practlices a number of broad rules
and strategles concerned with varicvus facets of ef-
fective problem solving, such as stat!ng the prob-
lem in an ogen and unbiased fashlon, reformulating
the problem in terms of familiar metaphors and
analogles, or developing a systematic plan for gen-
erating fdeas.

Each lesson presents a mysterious occurrence
or unexplicable happening which the student trles
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to explain, such as the puzzling behavicr of a group
of aquanauts during a deep-sea dive, This general
theme — the mysterlous occurrence - w2 s chosen
because ki encompasses in a natural and uncontrived
manner many of the fundamental aspects of the prcb-
lem-solving process. In addition, such a thenme is
neutral with respect to orthodox curriculum mate-
rials. This makes for a broader transfer of what
is taught than might otherwise be the case if the
principles and concepts had been associated prima-
rily with a specific content area. Flnally, children
exhiblt a keen Interest in working on problem situa-
tlons featuring a mystery-detection theme.

Each lesson is presented in booklet form and is
cast In a self-instructional linear format. (For a
theoretical discusslon of the potential uses of pro-
grammed instruction for fostering higher - order
thought processes, see Crutchfield and Covington,
1865,) Briefly, the child works through the lesson
in a step-by-step sequence by himself and at his
own pace. As the problem nnfolds page - by- page,
with the advent of new facts and clues, the student
is called on to reformuly’ ; the problem [n his own
words, to list questions he considers c¢ruclal to the
solution or to devise a plan of action which he In-
tends to follow. The student receives immedlate
guldance in his efforts on successive page s of the
booklet. This guidance typlcally takes the form of
pre:senting a range of ideas, questions or courses
of action which the student mlight have thought of in
the glven situation. Here the emphasis is on en-
couraging appropr late dlversity in the student’s
thoughts by showing him within wilde 1imits what
constitutes valuable ideas, crucial questions and
frultful ways to formulate problems,

The GPSP i3 also deslgned to promote beneficial
attitudes toward productive thinking. One of the
basic strategles s to Increase the child's experi-
ence In coplng successfully with thought preblems,
Fach problem eplsode is sequenced sothat as the
student works through the bocklet he is exposed pro-
gressively to more clues and hints. Thus, each
child, independent of his initlal capacitles or per-
coral reservations about thinking, willat some point
come to discover the solution for himself. In addi-
tion there is a systematic attempt to foster, by
means of appropriate teaching examples, a number
of attitudes which favor effective problem solving,
such as open-mindedness, persistence, and suspen-
sion of premature judgment.

A story-1lne is maintained throughout the GPSP
to supply a sense of continuity, and perhaps mo st
{mportantly, to provide the reader witha setof iden-
tification models. The story concerns two school
children, Jim and Lila (brother and sister), whose
extra-curricular pastime is the exploration of mys-
terious situations which arise in and around their
homeiown. Jim and Lila are assisted— and when
the occaslon demands, asslduously directed ste p-
by-step = through these adventures by their uncle.
The uncle In addition to being a high-school science
teacher also ‘‘mooniights’’ as a detectlve,

The identification-model technique Is intended to
introduce the reader grzdually to the difficult and
often {rustrating process of becoming a more effec-
tive thinker. For example, the rolesof Jim and

Lila reflect the vicissitudes assoclated withallcom-
plex problem solving — the long disccuraging per!-
ods of intense effort with little apparent progress,
the inevitable setbacks, and finally,the Intellectual
elation of discovering a sclution. Through Jim and
Lila the reader can experience all this vicariously
without belng plunged immediately into the sltuation.
After the first few lessons, however, the reader is
gradually drawn into the various problem-solvingac-
tivities by being requested to think of and to record
h's own ldeas in concert with the efforts of Jim anc
Lila - first the student generating his own tdeas or
questlons, then Jim and Lila respouding with theirs.
The feedback examples provided for the reader are
presented as Jim's and Lila’s ideas.

Against this backdrop of transitory day-to-day
successes and failures, a long-range change takes
place in Jim and Litla. They are deplcted as over-
comlng inltial handicaps of reticence, apathy, and
negativism toward thinking until uitimately, but not
without an occasional setback, theybecome reason-
ably comfortable with their own thought processes,
much more enthusiastic about tackling problem sit-
uations, and more confident in their ownabllitiesto
cope with them. 1t is hoped that this subtle but per-
ceptible change in Jim and Lila willfoster in the
reader a sense of his own progressive improvement.
At the same tline It is intended that as many readers
as possible wlll finally come to surpass Jim and
Lila !u problem-solving proficlency and willoutgrow
any -~rlier dependence on them as a sourceof /deas
and {nspiration.

The Inclusion nf the uncle provides Jim and Lila,
and presumably the reader as well, w{th a benevu-
lent authority figure and ¢ idant who not only nur-
tures and encourages the nascent attempts of these
tyro-thinkers but who also shows them how to think
for themselves by moans of appropriate rules and
strategies. Additionally, th2 uncle stands as a val-
ued model personifying an enthuslasm for intellec-
tual exploration.

Each lesson !s presented in an illusirated format.
Such a dominantly visual presentation not only in-
creases the student’s interest in the materlals, but
makes it easier for him to follow the necessarlly
complicated dialogue and thought sequences of the
story characters. The lessons contain an average
of 40 pages and are deslgned to be presented at the
rate of one lesson per day. The average time taken
to complete a lesson is approx!mately 35 minutes.

Several separate studies (summarized in Coving-
ton and Crutchfleld, 1865) have been carried out us-
ing various preliminary editions of the GPSP which
to date have involved a total of some 481 fifth-grade
and sixth-grade schooi ciilldren from the San Fran-
cisco Bay Area, of whom 267 were glven the train-
ing materfals u. 4 the remaining 214 were used as
controls, The basic design of these studies is es-
sentlally the same. All students are first adminis-
tered an extensive pretest baitery (six hours in
length in the latest study) which consists of a number
of tests of creatlve thinking (Torrance, 1965), tests
of problem-solving ability (Covirgton, 1966c), in-
ve iories designed to measure the child’s attitudes
toward problem solving and thinking (Olton, et al.,
1967), and various tests of school achievement and
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scholastic ability, These data are used as a basls
for the Inltial matching of the classrooms. Individ-
ual classroa.ns are matched in palrs; one class-
room [rom the palr Is then assigned at random to
the instructed condltion and the other to a control
conditlon. In eachof the various studles to date,
the instructed groups have alwaysbeenadministered
the GPSP. In contrast. a numbei of dilferentcon-
trol conditions have been used to test various hy-
potheses about the nature of the tralning effect. The
typlcal case, however, and the one onwhich the
present analysis Is based, calls for the administra-
tion of a simllar but shorter set of sel-instruction-
al materlals whose content is unrelated to problem
solving. The purpose of the control program is to
insure a sense of involvement and participation on
the part of the control chlldren and to make certain
that they are well acqualinted with the self-instruc-
tional format., Following the training period all
classes are admlnistered a posttest battery which
includes a repeat of the attitude Inventorles and the
tests of problem-solving abllity along with parallel
forms of the tests of creatlve thinking.

Several examples will suffice to {llustrate the
general types of tests Included In the pretest and
posttect batteries — their content, style and degrce
of simllarity to the tralning materlal. One type re-
flects the more traditlonal tests of problem solving.
In these instances, because of a large nuraber of re-
strictions placed on the task, there is only alimited
set of answers or principal solutions which will sat-
is{y the problem In its entlrety. Here an emphasis
is placed both on convergent and d!vergent thirking.
The student is called on to diverge in hls search for
appropriate ideas ~ opening upa host of possiblli-
ties - but at the same time to converge,focusingon
the few most sultable ideas. A representative sam-
ple is the X-ray problem (a modificatlon of the ¢las-
sic problem used by Kar! Duncker). The child
is requlred to invent a method to kill a tumor deep
inside a body by using an X-ray but without harming
the surrounding healthy tlssue. The primary con-
straint {s that if the X-ray ls too strong it will kill
both the healthy tlssue and th2 tumor. If, on the
other hand, the X-ray is made too weak, It will not
harm the good tissue, but nelther will it kill the tu-
mor. Incldentally, thls problem in addition to pos-
sessing a highdegree of curriculum relevance ls
quite unlike anything encountered in the training
lessons in terms of content or theme.

The other main type of problem included in the
criterion batterles ls the Minnesota Tests of Crea-
tive Thinking (Torrance, 1865)., Such problems are
quite open-ended with few constraints. This allows
for a number of solution-ideas, no one of which can
be judged as the most suitable. One example featur-
ing a product-impirovement theme requiresthechlld
to think of all the ingenious clever ways to make a
toy dog more fun to play with.

Asd to the results: in general, the outcomesof the
varjous studies employing the GPSP have been high-
ly consistent. The performance of the instructed
children is markedly superior to that of the control
children both on the tests of problem-solving abillty
and on the tests of creatlve thinking. (For adetailed
report of {indings as well as a discuscionof scoring
procedures, ser Gian, et, el,, 1057.)

In order to gain a clearer picture of the over-all
magnitude of this tralning effect, consider several
performance indices such as total Ideas generated,
total quality of ideas, mean quallly per idea and the
Incldence of principal solutlons, Composite scores
for each of these Indlces are computed for every
student by summing over his periormance on a num-
ber of problem-solving tests In the posttest battery.
In the same manner a slmllar set of compocite
scores {s obtalned for the tests of creatlve think-
Ing. On comparing the mean values for the instruc-
ted and control groups on any of these composlite in-
dices it Is found that the instructed groups are In-
variably superior. In most cases the magnitude of
these differences is absolutely large and beyond mere
statistical significance. This Is {llustrated by the
ract that when comparing frequencydistributionsfor
each composite Index, the fiftieth percentlle of the
Instructed groups typically falls around the seventy-
fifth percentlle for the control groups.

Another way to gauge the degr ee of educatlonal
signiflcance of a training effect is to compare the
level of performance of instructed and control chil-
dren of differing .Q levels. In this connectionithas
been found (Covington, 1865; Covington, 1966b) that
the mean performance of instructed children wlth
1Q’s below 99 (mean IQ = 91) is on a par with the
mean performance of control children wi.ose 1Q's
fall between 100 and 115 (mean IQ = 107}, This in-
dicates that the -dminlstration of the GPSP makes
for a substantiai boost in the performance of low IQ
children over a wide varlety of test problems, many
of which are curriculum relevani.

To determine how long these training effects per-
sist, a follow-up test battery was given five months
after the administration of the posttest in two differ-
ent studies. These follow-ups included approxi-
mately 80 percent of the fifth-grade childcenfrom
the original samples who by this time were in sixth-
grade classrooms with new teachers. Waerever
possible every precautlon was taken to insure that
the students dld not recognize the tests as a part of
the earlier work, For example, the children re-
corded thetr ideas on regular schoo! paper, rather
than In a standard booklet of the kind used in the
original study. All the tests were administered by
the teacher herself, and whenever possible were in-
troduced as part of the regular classroom work.

In the case of tests of problem-solving ability,
the instructed children continued to surpass their
control counterparis on the various performance in-
dices, and although th2 margin of differenceshad di-
minlshed somewhat as compared to the magnitude of
effects found at the time of the origlinal posttest,the
differenc” were nevertheless found to be statist.-
cally signlficant. The picture Is not as conslstent
for the tests of creative thinking. Inone sample
withatotalof 108 childrer, the inscructed group was
superlor to the control group, whereas Inanother
slightly lager sample these differences washed out.
It appears that after a five-month interval the train-
ing effects are at best marginal in the case of crea-
tive thinklng tests. This is not surprising when it
fs realized that as a group these tests represent a
type of problem not directly trainedfor in the GPSP.
Consequently they would be more likely to reflect a
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greater diminution in tralning effect than would the

tests of problem-solving ablllty which are more di-
rectly amenable to the kinds of strategies taught for
orlglnally,

ISSUES OF VALUE AND
WSTIFICATION

One of the most fundamental questions raised by
the present research is whether programs designed
to promote creatlve thinking are actually needed,
seen in the perspectlve of a child’s total educational
career. No matter how beneflcial a given teaching
program may be, It is llkely that untutored children
(the so-called controls) wlll sooner or later catch
up, simply through the normal process of intellec-
tual maturation and accumulating experience. Inthe
present data the sizable reductlon in the magnitude
of the tralning effect {lve months after the adminis-
tration of the GPSP supports this contention, Of
course, it can be argued that more permanent - and
in thls scnse more meaningful -~ changes will occur
only on an accumulating basis, and that what is
needed is a program covering a whole school year
or even longer, conslsting of interlocking, coordl-
nated currlculum unlts which buiid on one another.
It remalns a moot point, without emplrical support,
yet It would seem likely that a long-range program
of increasling scope an< complexlty designedto stim-
ulate intellectual growth would altow the instructed
chlld not only to maintain a performance superior-
lty, but actually to increase that margin as the pro-
gram proceede. While It is true that the tralned
and the untrained student allke enjoy 2 natural ex-
pansion of intellectual capacitizs, ther e isgrave
coubt that the untutored children would e ver make
use of their burgeoning capabllitles to the same ex-
tent as would children who recelved systematlc long-
term tralning. And, as we have seen, since most
elementary-schoot chlldren make scant use of thelr
present capacitles for creative thought, there is llt-
tle reasox to believe that these same children at a
later age would spontancously draw on their capac-
ities to any greater degree.

A related point concerns the developmental
changes 1n attitudes and values which favor ‘he ex-
ercise of creative thought. While it i8 quite .lear
that sheer proficiency in varlous cognitive skllls
such as question asking or idea generation is a func-
tion of age, there is as yet no evidence that the rel-
evant attitudes and valuesincrease as thechild
grows older. Thus, even though untutored children
may In time covertake the trained children in terms
of sheer proficlency, they may be markedly defi-
cient in the very attitudinal dispositlons necessary
to put such skills to meanlngful use. In this connec-
tion, creativity training can be designed to provide
the student with experiences he 18 unlikelv to re-
celve anywhere else - the challenge of working on
a coraplex but meaningful problem or the sense of
satlsfaction at discovering a solution - experiences
which may affect the child’s emerglng set of values
and attitudes regarding creating functioning. Such
expirlences, U they occur at decisive points in the
individual’s development, especially in childhood,
may be sufficient to bring him p2rmanentlypast a
critical threshold for actualization of his crealive
potential. As a matter of fact, we may find In the
last analysis that the key to the unlocking of creative
potential i3 to strengthen setsof attitudes and values

which predlspose the stusent to undertake creative
tasks Ln the first place, rather than to start by In-
creasing his sheer competence for performance by
means of ‘‘skilt training, »’

FUTURE RESEARCII PLANS

Research plans for the immed!ate future take two
mafn directions. The first of these involves furtker
development and expansion of the GPSP. In one in-
stance a set of supplementary exerclses is being de-
veloped to provide additional practice onthe varlous
skllls and strategles taught in the lessons. These
exerclses are primarily for remedial purposes and
can be used when needed, depending on the rate of
progress of the indlvidual learner. Another project
concerns the development of a set of “curriculum-
link-units, *’ that is, lessons designed to Illusirate
how the student can apply the skllls and strategles
taught for in the GPSP to hls actual school work In
science and the social studles.

The other maln dlrection of research lnvolves
the development of new self-Instructional teaching
units which introduce the student to domains of cre-
atlve thinking other than problem solving. One ob-
viously important area is thatof creatlve understand-
ing, Here, typically, one is confronted withaseries
of complex events or occurrences which in the inl
tial phases of investlgation often appear to be unre-
lated. The task 18 one of dlscovering meaningfulra-
lationships between such events and in s8ome In-
stances of predlcting how these events would co-
vary under varfous conditions. In the case of prob-
lem solving defined in a more tradltional fense, the
search is typically of a more limited nature - that
of dlscovering a single workable solution-jdeawhich
satlsfies a certain requirement, but often without
the necesslty of understanding why It works. Such
a pragmatlc emphasls tends to make for ~losure
once a solution is obtained. On the other hand, cre-
atlve understanding not only encompasses the dis-
covery of workable ideas, but more often involves
an ongolng procedure of checking and re-check!ng
the validity of the proposed solutions agzlist an ac-
cumulating set of facts and information.

Another area of creative output, perhaps the one
most generally assvmed when reference 18 made to
creatlvity, is that of creative innovation. Here the
indlvidual invents or creates new problem s, new
systems of thought, or new products which did not
exlist previously. One exampleof a prototypetraining
unit presently being developed involves the creation
of a school play. The story-line concerns some
malicicus dan.age done to a2 barn owned by a local
farmer and the farmer’s unwarrented accusation
that a certain boy is responsible. The boy, who is
innocent, ls able to convince hie classmates of this
fact, byt 18 unable tu prove it to a degree that satls-
fies the farmer and the rest of the adult community.
Understandably the children react with indignation,
but at the same time they reallze thelr essential
helplessness at being unable to defend adequately
their interests in an sdult world. While some of the
children make plans to track down the real culprit,
others decide to express the group feeling of ineffec-
tuality and frustratlon by means of a ptay. Paren-
thetlcally, such a plot can be used to lllustrate that
there are other alternatives to the expresslon of
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one's emotions besides dlrect aggresslon and that
Intense feellngs can serve as a basls for the devel-
opment of useful and satlsfying products. The par-
ticular theme - the plight of thewrongfully accused -~
was chosen because it sounds a note of high drama
and arouses immedlate interest and sy mpathy in
children who typically haveakeenly developed sense
of fair play. Moreover it represents - evenwhen
placed in such a slmplifled context — one of the en-
during lssues of man and soclety whichdemands
new solutions from each succeeding generatian.

The same general pedagoglcal devices are used
here as in the GPSP. The student is led to develop
the play in a step-by-step sequence, while thinking
of his own ideas and being provided in turn with ap-
proprlate feedback and redirection of hls efforts.
In the early lessons the child works through se-
quences dealing with the creation of the baslc plot.
The student is encouraged with the assistance of
identification models In the story to generate
ideas which seize on the mallcious incldent as a
polnt of departure from which to explore the more
general implicatlons of being wrongfully accused.
Thls is In conirast to the more pedestrian and com-
mon-place approaches of simply dramatlzing the
boy’s lnnocence or holding the farmer upto ridicule,
Basic to the success of th!s teachlng sequence Lsthe
introduction of metaphorical and analogical modes
of thinking. Once such concepts are grasped by the
gtudent he s able to go far beyond a strictly literal
interpretation of a situation and can generate a vir-
tually limitless set of implicatlons.

After the outlines of a clever Insightful plot are
secured, the studert explores a number of detailed
matters, all of which are important totheflnal prod-
uct. Inone lesson he creates ldeas far the most ef-
fective scenery and staging, given a llmited amount
of material to work wlith; ln another he is called on
to create segments of the dialogue. The last lesson
in the series simulates the publlc reaction to the
play which represents a final confirmation of all the
preceding activities. Various members of the audl-
ence Including the farmer and the parents of the ac-
cused boy react to the play. There is general rec-
ognition that it was worthwhlle in its own r lght as
well as belng helpful in clearing up a community
misunderstanding.

FINAL PARADOXES
AND DILEMMAS

Inkerent in any attempttoteachforcreatlve func-
tionlng are a number of dilemmas and paradoxes
which give rise to both methcaologlcal and theoreti-
cal difficulties. In conecluslon we will ccnsider fne
recurring dilemma, nr: uecause it is necessarily
representative or even the most fundamental, but
rather because It indicates s methingof the extra-
ordinary challenges encountered In developlng teach-
Ing materlals for fostering complex cognitive proc-
esses. Basic to the act of teaching is aguldance
function. To a gieater or lesser degree the stu-
dent’s behavior is necessarily guided, shaped, and
redirected by a teaching auliicrity., The student
never has complete freedom. He Is exposed only to
certain learning experlences, [n certain teacher-de-
termined sequences. He I8 encouragedtotalkabont
these experiences in only certain ways, using pre-
arranged kinds ¢f terminology. If we teach for
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creatlve functloning, then the chlld will Inevitably
be subject to some form of guldance. To the extent
that an educatlcnal theory stresses the ‘“dlsclpline
component” of creative thought, any forthcoming
currlcula wlll be more or less restrictlve and pre-
determined. How then can we reconcile these pro-
crustean-like features of teaching with the fact that
in the last analysls creatlvity Is primarily charac-
terized by lmaginal frecdom and a spontaneous Indi-
viduallzatlon of thought? Perhaps the answer, most
simply put, is to teach for structured spontaneity.
One technique adopted for this purpose and em-
ployed Ln our current work is to give the student di-
rect practlce in discriminating among ideas which
are both unlque and approprlate to a given task and
Ideas which are merely blzzare. In such a fashion
the student learns to 1lmit the reachescf hls sponta-
nelty. Another technlque which requires a relatlve-
ly long term trainlng program Involves comprehen-
slve guldance in the early phases of learning. But,
as the child becomes more proficient In the varlous
skills and strategles, the rigld guidance of the pro-
gram is gradually reduced. In this manner the stu-
dent comes vltlmately to rely onhis own resources
and inftlatlve with only occaslonal redlrection from
the program. As the student becomes more self-
eufficient he can experience yet another dlmenslon
ol intellectual independence - that of determinlngfor
himself which of several creative tasks hewillwork
on from among a number of alternatives. For ex-
ample, in the case of the creatlve drama unit just
described, the child could be given the optlon of
either writing dialogue or of developing the scenery
and staglng, once he had completed the Introductory
units.

All the foregolng Implles a complex catering to
the individual differences of the learner; first, anin-
tensive close-knit and personalized guldance of the
chlld In the early phases of learning and later, en-
couragement of self-di~ection and self - determina-
tion. In both cases the ttaining environment must
be capable of selectlng, s2quencingand coordinating
a great many combinations of material. This Im-
mediately suggests computer-assisted teaching. The
self- fnstructional format of the currentand proposed
teaching programs is admirably suited to a computer-
assisted operation., Indeed, another facet of t. 2
work of the Berkeley group is that of adapting the
GPSP for a computer presentatlon, thus by-passing
the cumbersome booklet for mat with Its limitedfeed-
back capabllities. With computer assistance the
child can be guided through a much more Individual-
lzed sequence of learning, dictated by his Initial lev-
el of competency, his particular cognltive styie, and
his indivldral rate of progress. Conceptually, it may
appear that coraputers and programined Inatructlon
are antlthetical, perhaps evun perversely so, to the
task of promoting creative thinking, However, such
an vnllkely juxtaposition points to the kinds of lmag-
inative responses whic*. .he educational communlty
must make to the challenge of educating Individuals
{n an increasingly complex and demanding world.

FOOTNOTE

1. The research reporteiln this paper was supported
by a grant from the Carnegie . 'poration of
New York under the directlon of the author
and Dr. Richard §. Crutchiield. This paper
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covers research conducted through 16..', Sum-
maries of our more recent rescarch activities
can be found in Olton, et. al., (1867) and Olton
and Crutchfield, In press.
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mesmn Measuring Motivation in
Culturally Disadvantaged

School Children

A COLLEAGUE of minerecently
spent a semester in seventh grade (Smith and Geof-
frey, 1965). In a schoal servingaculturally disad-
vantaged neighborhood, he tried to attend class
every day and played the role of anonparticipant ob-
server. His account of this experience is very dis-
couraging to a person who is primarily interested
in human motivation. Take, for instance, one sim-
ple incident:

Harry had been over at the confectioner
across the street, and had come out with the
cest of the boys on Tuesday, when a fight be-
g4n on the playground. There had been con-
slderable excitement and Mr. Inman (tae
principal) was trying to calm everyone down.
Harry had left his pen over in the confection-
ery arnd wanted to go b~ ' aci0ss the street
to get it. Mr. Inmar. .u0 told him to wait for
a few minutes, A little while later, he asked
the question again and was told to wait. Then,
or on the third time he har! asked and was
turned down and told not tn bother Mr. Inman,
Harry walked off and made a muttered and in-
decent comment. This was the end of it for
him.

This commonplace incldent initself s minor and
doesn’t carry the impact of the whole report where
such Incidents cumulate, It can be taken, however,
as {llustrative. The utter futility of the situation is
striking. This and other incidents make it clear
that the children feel powerless to controltheir own
destinles. As a result of their futile attemptstoas-
sert their initlative in inappropriate ways,they cre-
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ate an environment wheie even the tecchers and ad-
ministrators are forced to act in ways that are not
of their choosing. The resuit is a constant struggle
between pupils and the school staff to obtain the up-
per hand. Teachers search for waysto enhance
their power to control the behavior of pupils, and
the children use every means at their command to
subvert the authority of the school, the last-resort
being hostility through passive dependency. Both
parties to the sitvation are ultimately pawns in the
hands of the powers beyond their control.

Two more or less disconnected things stand out
for me in approaching the problem of motivation in
school children. First, the tangled webof influ-
ences will not yleld to any miraculous new insights
or technijues. The Gordian knot is real and will
only yield very slowly to modest and patient efforts
to unravel une or two threads at a time. In this age
of crash programs, imminent breakthroughs, etc.,
motivation is an important concept to consider, but
v'e must not expect it to solve all problems.

The second thing that strikes me is that one of
‘he loase strands that may have potential for unrav-
eling both practical and theoretical aspects of the
knot is the notion of powerlessness, which is, after
211, a motivational concept.

What I have to report then, is no breakthrough,
but rather a modest beginning that attempts to d is-
cover whether certain aspects of motivation can be
measured in a population of culturally disadvantaged
children, and whether some of the motivational con-
cepts akin to powerlessness can be used.
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Actually we will discuss three different but re-
fated things. Firet, I will present some notions
about powerlessness and what I will call *he *‘Ori-
gin-Pawn’’ variable and discuss very br.efly some
relevant laboratory studies that we have completed,
Second, I will shift to a discussion of achi¢ vement
motivation and some of the conceptual and scaling
dificuities that it presents. This {8 necessary In
order to introduce a third section dealing w.th data
on the achlevement motive inculturally disad-
vantaged children. These three sections may seem
a bit disjointed. What holds them together (s the
relationship between the concepts to be presented in
r=ction one and the achlevement motive. At the
present stage of the research there is little to re-
port on these concepts except l2boratory studles,
but we do have evidence on achievement motivition
from culturally disadvantaged children. Asa r¢sult,
I have more or less arbitrarily put the two together
with a discussion of some theoretical problems vith
the mieasurement of achievement motivation,

POWERLESSNESS AND THE ORIGIN-PAWN
VARIABLE

In the anecdote related above, Harry was frus-
trated by his powerlessness to influence an impor-
tant aspect of his life vis-3-vis a school officlal.
He was a pawn to forces beyond his control. In
much of his experilence in llfe, and especially In
school, he is, infact, and is expectedtobe, a pawn.
Learning seems to demand that he react to outside
influences in the school, and on.e way to insure that
he wiil react in the proper manner is to reduce his
freedom to a minimum, to force him to study, to
press him into the mold expected by the school,
Techniques designed to do thisdemandthatthe teach-
er and the school have most of the power and that
power be taken away from the student.

Motivationally there is something wrong with this
picture. The student, caught up in a power field,
will do everything he can do to break out of it, and
when he leaves school, be wili be out of it. Is the
goal of teaching to produce certain responses in the
Jchool that are almost certain to be a function of the
specific power situation and, therefore, not trans-
ferred to non-school situations? Or is there a
broader goal?

We would like to distinguish between the driven
or power-induced school behavior, and behavior
motivated from within the student that wiflcarry
over to extra-school behavior. The belfef that the
latter is possible reducestoanaive assumption that
we all make in our everyday Interaction, The as-
sumption s that each individual has some autonomy
and exercises it by originating his own behavior.
Let me use the one word ““Origin’’ to connote a per-
son who is percelved to be originating his own be-
havior. A person Is not always an “‘Orlgin. '’ Often
we percelve his behavior as stemming from a force
field so that he {s coerced to behaveinacertainway
by an external source. In such cases, I shall refer
to him as a ‘““Pawn’’ or as acting 1ike a ““Pawn.'’ It
should be clear that pawn-type behavior is induced
by lack of power on the part of the pawn, Origin
type behavior implies a feeling of power, although
it is not entirely complementary in this respect to
pawn-type behavior. Pawn behavior implies power-

lessness, but origin behavior impliies freedomof
choice, not necessariiy the ability to wield power
over others.

Having sketched the ‘‘Origin-Pawn'’ dimenslion,
let us note that it is essentially a phenomerofogical
glven in the perception of behavior. As such, it may
be a myth or a mental way station, to use Skinner’s
railroading metaphor. To extend the metaphor, we
might say that the main line of behaviorism runs no-
where near this way station, and efficient operation
of the line would suggest that the station shouid be
dropped. In fact, scientific psychology has been at
pains to discredit the assumption that a humanbeing
can be the ultimate origin of some of his behavior.

Behaviorism, eufferingunder the strong Infiuence
of operationism and physicalism, has done its best
to reduce the concept of metivation in psychology to
something of the order of ‘‘the study of the causes
of behavior.” The trouble with this approach is
that trying to elucidate the concept of motivation by
means of the concept of cause is iike tryingtounder-
stand the behavior of a human being using concepts
found to be inadequate to explain the behavior of bil-
Hard balls. The precept that all scientific state-
ments must be based ultimately on statements about
physical operations has great merit, but the hidden
implication that explanations of physical motion (in-
cluding behavior) are reduclble to the laws of me-
chanics has seriousiy retarded the development of
theories of human motivation.

Stripped of its hidden assumptions, the neo-be-
havioristic approach to motivation as the cause of
behavior is unacceptable to anyone and has never
been seriously held by anyone. It assumes that the
human being is like a bilijard ball and his behavior,
like that of the bail, is entirely the result of exter-
nal sources forcing him to behave. Another object
hits him and steers him In a certain direction ~ an
explanation that would account for certain trivialbe-
haviors on the football fieid perhaps -~ or an exter-
nal noxious stimulus repels hiim like one negative
charge repels another, or an internal condition
(e.g., drive-stimulus) produced by externalcircum-
stances (e. g., food deprivation) drives himinacer-
tain direction.

Confronted with the phenomena of motivated be-
havior which in this framework appears akin toa
sudden Inexplicable movement of abilliard ball rest-
Ing alone on a perfectly level table, psychology has
frgenfously devised many schemes to explaln this
untoward behavior In tcrms of 8o me mechanioms
involving a causal chain of events and ultimately re-
ducing to some undetected source of physical energy
closely connected with, or actually residing in, an
impelling stimulus (e.g., the cue ball). The cue
ball, or impelling stimulus, has been variously
described as a need or drive (Hull, 1943), a drive-
stimulus (later Hull and Miller), incremental stim-
ilation (Mowrer, 1960), or an affective stimulus
(Young, 1961; McClefland, 1951).

In the face of all this theorizing based on what
Gilbert Ryle (1848) would call a para-mechanical
myth, it seems to me that Skinner has done the
most consistent thing for a strictly empirically
based ‘““science of behavior,’’ = namely to shun the
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notions of causality and motivation altogether. Al-
though I suspect that he may have led some to hide

their motivational and causal notions under tha con-
cept of reinforcement, his strict adherence tothe

definition of a reinforcer as something that in-
creases the probabiiity of a response does, in fact,
rid the science of behavior of ali of these irritating
problems.

By now, I hope to have laid the groundwork so
that two conceptions of man as a motivated being
are clear. The first is the one we use inour every-
day dealings with human beings: namely that the
cause or reason for a pereon’s behavior 1s sought
first within him. More often than not, he is the or-
igin of his behavior and is to be heldresponsiblefor
it. The second is the explanation from scientific
psychology that reeks a physical source external to
the person, or at least a stimulus within him, that
drives him. This latter notion has never been sat-
isfactory in accounting for the phi:nomena of human
motivation and has, through its emphasis on demon-
strating a physical basis for all behavior, led to a
psychology of learning and motivation that con-
celves of the animal and the human belng as a pawn
to be manipulated by reinforcement schedules.

Accepting at face value the psychologicalfact that
people percelve themselves and others as originsin
most instances is, for me, the starting point of a
truly psychological approach to motivation, and de-
mands a level of analysis quite different {rom the
causal chain analysis that attempts to reducethe ex-
planation to physical events. 1have tried, there-
fore, to build on the assumption that the or igin-pawn
dimension makes a difference that is measurable in
the behavior of a subject.

The origin-pawn dimension has its roots in the
concept of locus of causality used by Heider (1958).
His emphasis is on the perception of causality, and
the result is that the concept is applied in the area
of person perception. In perceiving another per-
son's hehavior, we do attempt to assess whether the
locus of causality is internal or external to the per-
son, and this distinction affects our perception of
the person, the characteristics that we attribute to
him, and the way we behave toward him,

Several person perception studies have demor-
strated the significance of attribution of locus of
causality (Thibaut and Riecken, 1855; Pepitone,
1958). In our own research, we have demonstrated
(deCharms, Carpenter, and Kuperman, 1965) that
subjects clearly do use the origin-pawn varfable in
their perceptions of others. We found that the per-
ceptici of a person as an origin or as a pawn is a
function of several variables, suchaswhether some
agent is atteinpting to influence the person’s behav-
for or nol. Origin or Pawn perceptions are a fune-
tion of characteristics of the influence agert, such
as whether it [8 a large group, a small group, or an
individual, and whether it is liked or disliked by the
person. Most interesting, however,was the finding
that a personality characteristic of the subject
strongly affected his perception of another person
along the origin-pawn dimension. Bubjects were
measured on a scale developed by Rotter, Seeman,
and Liverant (1962) that aliempts to measur e the
general feeling of powerlcssness or efficacy of the

person, Since Rotter uses reinforcement
ter minology, he calla the scalea measureof control
of reinforcements and names it the I-E scale stand-
ing for internal or external control. There is asub-
tle difference between this concept of control of re-
inforcements and our O~P dimension, but for now
the similarities may be noted. Qur data showed
that subjects who reported on the Rotter I-E scale
that they felt in controt of their sources of reinforce-
ment perceived other people more as Orlgins,
whereas subjects at the other erd of the I-E scale
perceived other people more as Pawns.

Since our primary interest is motlvation, we next
asked the question: ‘‘What effect does feeling 1ike
an Origin, as opposed to feeling ilke a Pawn, have
on the person's own behavior 7’ With this question
we moved from the perception of others to the per-
ception of self as an origln or a pawn. Two labora-
tory studies (Kuperman, 1066; deCLarms, Dougher-
ty, and Wurtz, 1865) were devised that attempted
experimentally to induce the person to feel like a
pawn in one situation and like an origin in another,
and to measure the effects on their behavior. The
results confirmed the influence of the origin-pawn
variable as manipulated in tha experiment. Subjects
buflding a tinker toy model under origin conditions
that attempted to induce a free atmosphere, as com-
pared to building a similar model under pawn con-
ditions 2) liked the origin model best, b) became
more involved, c) chose to continue the origin model
when interrupted, d) completed the or 1gin model
more elegantly, and e) recalled the nonsense name
given the origin model more frenuently a monthafter
the experiment, Apparently, the origin- pawn dimen-
sfon can be manipulated in a way that has strong ef-
fects on behavior. The Rotter I-E scale was admin-
istered to these subjects also, but was not related
to any of the dependent variables, either directly or
in interaction with the or igin -pawn maripulation,
Evidently, this Questionnaire measure relates to
other questionnaire responses as {n the previous
study of person perception, but doesn’t predict be-
havior related to a tack situation, at least for the
male subjects used here.

ACHIEVEMENT MOTIVATION

So far our work on the Origin-Pawn variable has
not ventured very far out of the laboratory, and we
have very little empirical evidence about the varia-
ble in culturally disadvantaged school children.
What we do have, however, is preliminary evidence
about the measure of achlevement orientations in
this population, and some evidence that one of the
aspects of achlevement orientation involves acting
liko an origin. Let us be clear that I am not equat-
ing acting 1{*2 an origin with having high n Achieve-
ment. What 1 am doing is looking for a relationship
between the two concepts, and since T am just launch-
ing a project to attempt to measure the O-Pvariable
and n Achlevement in schools, and already have data
on p Achievement, I wiil report the data in hand on
n Achievement and speculate about the O-P variable.
The connectlon is closer than may be apparent.

McClelland (1961) has spelled out several aspects
of what he called the achievement syndrome, L e.,
chr.racteristics of people wlth high achievement mo-
tivation. One of the most important aspects is that
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the achlevement motlvated person likes to take per-
sonal responsibillty for his actions. He likes tc be
ina posltion to act like an orlgln and avoids sltua-
tions where he is a pawn.

Let us shift our emphasis, then, to the measure-
ment of n Achievement in culturally disadvantaged
children. First, let us be very clear about one
thing. The word ‘‘achievement’’ is a luaded term,
espacially In educatlonal clrcles. A cullure such
as ours, that has been nurtured on Horatlo Alger
stories and McGuffey readers, tends to perceive
achlevement motlvation as an unmitigated virtue if
not a blessing. If we pull back from thls conceptlon
and ask what aspect of achievement motlvation we
can actually measure, we may be disappointed. The
measure to be used was developed about fifteen
years ago by McClelland and hls assocliates at Wes-
leyan Unlversity, and the subsequent years of re-
search have told us much about the characteristica
of people who score hlgh on the racasure. The most
appropriate single word to describe the person with
strong achievement motlvation as measured by this
technique is that he is an ‘entrepreneur,’’ typlcally
following a husiness career. Topcreatlvesclentists
are not particularly high on n Achievement, nor are
academiclans, If you want to succzed in business,
however, you’d better have high n Achjevement.

The achievement syndrome has three major as-
pects: 1) personal responsibllity, 2) risk-taklng
strategies, and 3) the use of feedback. The entre-
preneurial spirit of achlevement emphasizes self-
reliance, the taking of calculated risks, careful
planning and checking of progress with constant em-
phasis on the skillful use of nne’s abilitles. These,
then, are the dependent variables that are related
to the measure of achlevemernt motivatlon.

What is the measure itself ? Actually, even after
years of research the original form of the measure
has not been improved very much and is essentially
a very crude measure. Originally intended asa
measure of indivicual differences, it ylelds at best
a very rough ordlnal scale that {8 most useful when
collapsed into a high-low dichotomy, or at most a
high- medium-low trichotomy.

Before dlscussing the weaknesses of the measure,
let us sketch the procedure for obtaining n Achieve-
ment scores. The technique involves collecting
thought samples from subjects under standardized
conditions by showirg a group of subjects several
plctures, one by one, for a short periodof time and
asking them to write a creative story about each in
turn. The storles are content analyzed vy trained
coders for instances of Achieve ment Imagery.
Stories in which one of the characters is concerned
over obtaining success in competitlon with a recog-
nized standard of excellence are sald to contaln
achlevement imagery. The construct validity of the
measure 18 attested by years of research although
test-re-test reliabilitles are often lower than valid-
ity c;)eftlclents (for reasons that we cannot take up
here).

Of basic concernto us 1s the question: Does
this measure have any utility for the measurement
of motivation in educatlonal settings and specifically
in culturally disadvantaged areas? Mostof the early

research results were disappolnting In thls regard.
Apparently, n Achlevement scores are not very
highly correlated with school grade s or standard-
ized achievement test scores in high-school and col-
lege students. As a result, educationa} interest in
the measure lagged after an early fllrtatlon, but it
has recently been revived by the evidence that it is
possible to change the motive by tralnlng. Before
we get dazzled by the thought of changlng motlves in
educatlon, we should try to understand the relation-
shlp between n Achlevement and school behavior. I
think there are good reasons to believe that the
measure has been mlsapplled but that it, or aderlv-
ative of It measuring the O-P variable, may bevery
valuable for education.

This misapplication of the n Achlevement meas-
ure stems from the two most basic levels possible:
a lack of understanding of the theoretical basis for
the measure, and lack of clarlty about its scaling
propertles.

The problem of understanding the theoretical ba-
sis for the n Achievement measure Is formidable.
Exactly why there should be a relationship between
the content of stories written by a subject in a one-
half hour period and many other manifestations of
his behavlor, particularly school behavior, Is still
a problem shrouded in mystery. 1will spare you
a discussion of several explanatory attempts that
have becn made and present one based on the notion
that the measure gives a sample of thoughts of the
subject.

Let us be very simple-minded and concative of
thoughts as a type of respunse, arbitrarily remove
them from the ghostlike realmof the mind, and rele-
gate them to the more prosaic realm of the physical
world of behavioral events. After ali, then Achieve-
ment measure is actually based on observable re-
sponses, rot on pure thoughts. From thls point of
view, thought samples are a measure of onedomalin
of responses that we wish to correlate wlth other
domains. Notlce in passing that we have made no
assumptlons about a causal chain, that thoughts are
antecedent to or ‘‘cause’’ behavlor., Wehave a habit
of thinking that thoughts precede actions but there
Is very little evidence to substantiate it, and in the
realm of achlevement motlvation, thereis someevi-
dence that the behavlor may precede the thoughts
(McClelland, 1966).

The definltion of what constitutes an achlevement
thought is critical in predicting what behaviors wlll
be assoclated with such thoughts. The scoring man-
ual (Atkinson, 1958) identifles achievement thoughts
by the term Achievement Imagery and says they can
be seen in a story when one of the characters shows
concern over competltion with a etandard of excel-
lence. Tho character can shew competition when
any concrete goal is at stake, such as winning a
race, gettlng a good gra 2, becoming a success in
a career, building a better mousetrap, and so on,
The non-specificity of the goatl of achievement be-
havior leads us to the scaling problem mentloned
earlier to which we shall return, but let us pursue
a little further the theoretlcal basls for the measure.

Thougiit - sampling s based on an assumed corre-
lation between thoughts and more concrete behavlor.
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The advantage of using a sample of thoughts rather
than some other type of behavior is this: of all be-
havlors, thoughts are least subject to inhibitinn, If
we seek a measure of what a person wantstodo, we
need to rid it of restrictions as to whathecan do.
For this and other reasons, thought-samples stand
a chance of giving us a bettex picture of a person’s
generallized motives.

In attempting to measure what a person wants to
do, we must follow quite a different road from that
taken in measurlng what a person is able to do. Put
in another way, the measurement of motivation ls
quite different from the measurementof intelligence,
ability, or even attitudes. We want to know what a
person wiil do, not what he can do, although the lat-
ter may form a limit in any particular circumstance.
In measuring motivation, we sample his thoughts
under neutral conditlons: not when he is pressured
and a pawn, but when he can originate some of his
own behavior. By definition, in suchasituatlon, we
cannot have control of the kindsof responses ob-
served. If we tighten control, we lose the abillty to
measure what he will do on hls own and end up with
a measure of what he can do when we pressure him.

This paradoxical measurement situatlon {3 more
or less unique and doesn’t {it very nicely Into some
of the most baeic conceptions of scaling. To make
this a little clearer, think of Skinner’s distinction
between operants and respondents. Roughly, a re-
spondent is a response that we can elicit directly by
manipulation of a specific stimulus. We more or
less directly produce a response In the organism by
external manipulation. Salivary, pupillary,and eye-
lid responses are examples. Anoperant isquite
different. Although Skinner assumes that this type
of response is probably eliclted by some stimulus,
we don’t know ard may never be able to know what
it 1s, so we cannot control the response through the
eliclting stimulus. Ignoring control by reinforce-
ment for the time being, we measure an operant by
observing its spontancous emissionunder conditions
of relative freedom.

Let us now conceive of thought sampling as meas-
uring the rates of spontaneously emitted thoughts,
f. e., as the measurement of operants. Here we
launch Into new territory. While Skinner is primar-
fly concerned with shaping a specitic operant and
converting uncontrolled behavior into behavlor that
is under the contro} of the experimenter, we are
concerned with measuring a generalized classof op-
erants in the realm of thoughts and relating thic
measure to other more concrete behavior patterns.

This leap ralses many problems, but the major
methodological problem {s that our measure of a
generalized class of spontaneously emltted thoughts
cannot ke assumed to result in a conventlonal scale
characterlzed by translitivity along an intensity
dlmension. Let me try to fllustrate this: Pletures
used to ellcit thought samples from which n Achleve-
ment scores are derived show a variety of charac-
ters, for Instance, a high-school student, two inven-
tors, some businessmen, etc. In what sense cana
person (A) who writes achlevement storles about in-
ventors, doctors, and businessmenand attains a
high score be said tobe higher onn Achlevement
than another person (B) who writes an achievement
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story about a high-school boy but not about inventors,
doctors, and businessmen and receives a relatively
low score? If we vbserve many types of behavior in
many sltuations, we may assuine that person A will
show more genaral achievement behavior than per-
son B. But if we measure only school behavior, tiie
reverse may be true. In an unpublished study, we
have demonstrated that a six picture measure of n
Achievement derived fronm a standard set does not
meet the criterion set by the Guttman technique for
unidimensional scalability (Stcuwlfer, Guttman,Such-
man, Lazarfeld, Starr, and Ciaucen, 1947).

Does this mean that the measure I8 simply unre-
liable? I think not, although it does mean that it is
not a unidimensional measure of the intensity of a
motive to do a very specific thing and, therefore,
should not be expected to relate to or predict rather
specific behavior, such as that expected on a stand-
ardized achievement test taken under conditions that
produce respondent, or at least discriminated oper-
ant, rather than spontaneously emitted operant type
behavlor. It would be nice to be able to measure
motivation along an Intensity scale, and most of mo-
tivation theory influences us to think of motivation
in terms of intensity concepts suchasneed anddrive.
If we think back for a moment to the dlscussion
of the Origin-Pawn dimension, however, we can see
that a generalized measure of what a person will do
when not forced may come closer to our concept of
motivation than an intenslty measure of what a per-
son can do when pressured.

In the book presenting the original development
of the n Achievement measure, McClelland, Atkln-
son, Clark, and Lowell (1953)brlefly mentioned that
the technique measured the extensity of Achleve ment
thoughts in a broad realm rather than the intensity
of such thoughts. This mention har apparently been
lost in the flood of research, most of which was not
careful to note the the distinction,

As suggested above, a careful analysis of the ba-
slc process involved in the measurement technique
glve3 some insight Into the low correlationsbetween
n Achievement and academic performance. It gives
us more. 1think it gives us the basisfor suggesting
that n Achlevement scores will be related to much
more general response patterns. Since the measure
taps thoughts about achievement in several areas, if
a person who has many such thoughtsisobserved
over a perlod of time in which he may be confronted
with some of these sltuations, we should be able to
predict that he will react {n achievement ways more
often than not. In view of the analysis, it may be ex-
pected that the measure of n Achlevement will be
more valuable in relation to cultural orientations
(McClelland, 1961} and long term career patternsof
indlviduals, than in predicting specific responses
such as school achievement or exam-taking behavior.

One example may be cited. McClelland (1965) re-
ports that of the original sample of subjects tested at
Wesleyan in the validation proceduresforn Achieve-
ment {ifteen years ago, large numbers liave gravita-
ted toward entrepreneurlal business occupations
subsequent to graduating from college. A check of
the alumn{ directory indicated that 83 percent of the
men who could be classified as entrepreneurs now,
had high n Achlevement scores as sophomores in
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college. Only 21 percent of those classified as non-
entrepreneurs had high n Achievement. These re-

sults indicate that n Achlevement predictscareer

patterus over a crucial period of life when career
cholces are belng made.

When it comes to measur Ing motives inculturally
disadvantaged childsen, we have a lot to learn. The
data that 1 have to report results from a study that
was initi2lly intended to answer some of the most
rudimentary practicalquestions suchas ‘‘Can
thought samples be collected from this population,
{. e., can they produce scorable stories under
standardized conditions?' I it turns out that the
thought samples are scorable, we can ask whether
the n Achlevement score is valid {for this populatlon.
Is the score, for instance, related to risk-taking
strategles in this populationasitis in middle-class
high-school and college students? Since we were
interested in beginning to probe the Origin-Pawn
dimensfon in this population, we cought an existant
measure that would give an estimate of the children’s
relative feelings of powerlessness, Inshort, we
tested the feasibility of collecting thought-samples
and found fifth, sixth, and seventh grade disadvan-
taged children quite capable of producing scorable
stories. We devised a risk-taking situationthat had
the bonus of providing us with a measure of school
skills, and we used a measure of powericssness,

The subjects of the study were ninety-four Negro
children in two fifth and seventh grade classrooms
in one large city (sixty girls and thirty-four boys),
and 120 Negro children from several sixth grade
clagsrooms in another large city, Bothsamples
were taken from school areas known to be the most
culturally disadvantaged in each city. However,
since we were primarily interested in testing the
feasibility and validity of the motive measure, we
did not sample meticulously, nor did we carefully
assess the comparability of the areas. For thie
reason, comparisons between the two samples are
dangerous.

THE MEASUREMENT OF ACHIEVEMENT
MOTIVATION

After introductory remarks, the children were
handed a six-page form with a different cue typed
at the top of each page, and four standard questions
equally spaced on each page to help them complete
thelr stories. The verbal cve was read aloud (e. g.,
‘“Two men are working at a machine.”), and the
cbildren were given four minutestowrite their
stories, In 2l], six stories were required.

These stories were content analyzed by the pro-
cedures described by McClelland, et al. (1953) by
two Independent scorers. Interscorer reliabllity was
approximately 90 percent agreement between scorers,

THE MEASURE OF POWERLESSNESS

The children’s form of the measureof powerless-
ness (Bialer, 1961) was administered immediately
after the measgure of achievement motivation, Twen-
ty-three statement3 are presented in simple lan-
guage and the child circles either ‘‘Yes'’ or ‘'No”
indicating whether he agrees or disagrees with the
statement. For example, one item was, ‘‘Does it
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ever help any to think what you will be when you
grow up?”

RISK- TAKING BEHAVIOR

In a game situation in whichthe person can
choose to shoot for a fixed target from varying dis-
tances of increasing difficulty withincreasingre-
ward attendant on success, a group of high-achieve-
ment persons will tend to take more shots in the
middle range, avoiding both easy and extremely
hard shots. A similar group of 1ow - achievement
persons will take more shots in the easy and ex-
tremely hard positions (cf., Atkinson, Bastian,
Ear], and Litwin, 1960). The range of risk which
may be considered a moderate risk is dependent up-
on the skill of the indlvidual and is evidently chosen
in terms of where he thirks he has a moderate
chance of success (c¢f., deCharms and Davé, 1965).

We rejected the simple game situation most often
used. Instead, it was decided to attempt to develop
a new situation completely analogous to the game
utllized in our earlier work but involving the typical
school behavior of children, i, e, spelling and arith-
metic skills,

SPELLING AND ARITHMETIC SKILLS

Each of these measures was comprised of sixty
items divided into six levels of difficulty of ten
items each. Spelling words were taken from stand-
ard lists calibrated for difficulty, and arithmetic
problems were taken froma series of arithmetic
textbooks used in the schools from early elementary-
grade level to junior-high-school level., Extensive
pretesting was used to assess empirically the valid-
ity of the various levels, and to assureahighdegree
of success for all children in the easiest level, and
increasing difficulty up to a level where 1ittle suc-
cess could be expected from any child.

These measures were administered by standard
classroom procedures. The items were arranged
in blocks of six, each block progressing from the
easiest to hardest level of difficulty inorder, though
this was not made obvious to the children. Itwas
stressed that this was not a test in the sense that the
children would receive grades, but that they them-
selves would learn from this about their own skill.

After all children had attempted all sixty items,
the various levels of difficulty were explained to
thera and their own ability at each level was im-
pressed upon them by pointing out how many they
had completed correctly at each lavel.

SPELLING AND ARITHMETIC RISK-TAKING TASK

After the group session, the experimenter met
with each child individually, She made sure that he
understood the various levels of ditficulty In the
sixty items he had atiempted, and how many he had
completed correctly at each level.

The child was told that he would now take atest
in which he could choose each time the level of diffi-
culty of the item which he would attempt. It was
made clear that the test items were divided into lev-
els comparable to those of the previous skill task.
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Before he was presented with each item, he was to
choose the level of difficulty which he would like to
attempt on that trial. The object was to attailn
‘‘golints,’’ the significance of which was left unex-
plained, as in a game. The points that couldbewon
by correctly completing the item increased with the
level of difficulty of the item chosen. These polnts
were established for cach child separately, accord-
ing to the empirically established level of difficulty
for Mim. Thus, a skillful child who chose level five
(a difficult level), and +ho had done four out of ten
Items correctly st that Jevel in the skill-task (em-
pirical probability ¢f success equals . 40), stood to
gain thirty-eight points if correct. A less ski.i’ful
ch'ia choosing the same level flve may have done
only one out of ten ltems correctly at that level In
the skill-task (¢ mpirizal probability of success
equals . 10). Such a child could win 150 points if
correct at level flve. (This procedure, developed
by deCharms and Dav€ (1965), equates subjects asto
skill and enphasizes cholces in terms cf the child’'s
own chances of success.)

Each time the child chose a levelfor the i xtitem
(of ten spelling and ten arithmetic items), he was
asked to consult bis own paper from the skill-task
and report how many he could expect to get right
out of ten (his probability of success at that level).
He was then asked to concult the following table and
teport how many points he could wia. The point
scale was constructed 80 thal the number correct
multiplied by the number of points slways approx|-
mated a constant (150) as closely as possible without
uaing decimals. The expected value of ten trisls at
any level, therefore, equals 150.

Number rou got right
ouof tenoashil:-task 20 9 & v & 85 4 3 2 )} O

— -

Polsts you gel f right 13 17 19 33 25 30 34 50 75 150 J00

By such means the experimenter made every ef-
fort to Insure that the child thought of hischolces
in terms >f his own performance on the skill-tssk
and §n terms of the possible points which were as-
signed in sccordance with hisnwndemonstrsted
skill.

Each child made tan choices and attempted tep
spelling words, recording his accrued points after
each trlal. Following this, each child did the same
with arithe.ntic items.

RESULY S

Table § precents the mean skill scores on arith-
metlc and spelling tasks by sex and level of achieve-
ment motivation. You will note that the means for
the high p Achierement sub,ects are higher 1n all
cases than the means for low n Achlevement sub-
jects. The duterences tested by analrsis of varl-
ance are signtiicant In every case extept for arith-
metic for girls. Thereisclearly arelationshlpover-
all between n Achievement level and school sk lils
as measured by our test. Therelstionship s
stronger for toys than for girls, but all di{srences
are small, afact ‘hat Is attrfwiable jo the low var-
fances of the scorep. The 60-ltem task was de-
signed o0 that the majoti’y of the subjaets would

success on almost all of the items atthe easiest

level and fall on a'most all at (he most difficult tev-
el. As a result, the range of probable sco1res is

much smaller than the total range of sixty, and the
variances are quite small. In addition, these re-
sults come from a iarger analysls wheie varlance

attributable to other factors, such as grade ievel,
was extracted. -

Table 2 presents data from the same dependent
variables, spelling and arithmetic akills, but this
time ghowlng the relationship with the I-E scale.
The low I-E subjects feel relatlvely powerless. The
relationship is significant in both cases of &rithme-
tic and spelling skills for girls but not for boys.
This sex difference is more or less the opposite of
what was found with n Achievement. These results
seem to indicate that the though: sample measurels
more powerful In predicting school skills for boys,
whereas the questionnaire measure Is more power-
ful for girls. The data by themselves are not very
impressive in this respect, and might seem merely
a function of the specific tests except for two things.
First, we have argued that thought sampling results
in a different kind of score from that derived from
a questionnaire, and the difference ls interesting the-
oretically. Second, 2 recent review of the literature
of n Achlevement indicates a similar trend toward
an interaction between sex and type of testing situa-
tion. Klinger (1968) reviewed some forty-four stud-
les that investigated the relatlonshlp between meas-
ures of achievement motivation and task perform-
ance. Some of the studies used the thought- sample
technique which Klinger calls the TAT, and some of
them used a measure called the Jowa Picture Inter-
pretation Test, or the IPIT. Thistettuses plctures
but supplies several plota for the subject to choose
from in s multiple cholkce form. Klingersays: ‘'The
studies also suggest an tnicraction of Instrument X
Sex of Subject, in that of the studies thatused the
TAT, s higher proportion of those with male subjects
reported significance than those with femsles, while
the reverse was true with the IPIT’' (Klinger, 1968,
o 297-298). Klinger makes no attempt to explala
this interaction.

in view of our analysis of thought sampling as a
measure of a more or tess “'free’’ operant where the
subject emits responses, whereas aquestionnlareor
multlple choice measure supplies ready-made re:
sponses for the subject tn choore from, 1t aeems
reasonablie to hypothesize that the freeoperant mess-
ure may be more appropeiate for male subjects and
a respondent (or discriminated operant) messure
more sppropeiate for females. | cannot pretend to
expialn In detail why this should be 8o, dbut It doee
teem plausiole, especially in the achievement ares,
snd in our culture, that men are expected to produce
schievement behavior spontaneoustly, whereas women
~ay hare (o respond sppropriately with schlerement
behavior when pressed but are not necessarlly
expected (0 Initlate it oa thelr own. We hope (o la-
vestigate this possibility In the near future.

The results from the risk-taking dataar ire-
sented in Tadles J and 4, and maybeseenlr |ures
19nd 3, The means in the tables nead a 1l e ex-
glanatim. The hypotdesis derived [rom eariler
stndles predicts that subjects with high achlevement
rx tivation wiil more often choose 2pelling werds ot
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TABLE 1

RESEARCH AND DEVELOPMENT TOWARD THE IMPROVEMENT OF EDUCATION

MEAN SPELLING AND ARITHMETIC SCORES (OF A POSSIBLE 60) BY SEX AND LEVEL OF

n ACHIEVEMENT

Boys Girls
Matht* Spelling*? Tctal Math Spelilng* Total
High N 46 46 60 60
n Achlevement X 1.7 28.2 24.9 22,5 3.0 26.8
Low N 51 81 63 63
n Achlevement X 18.5 21.17 20.1 19. 6 26.5 2.1
Total 20.0 24.8 22.4 21.0 2.1 4.9

*p, <.0§
¢+ p. <,0!
TABLE 2
MEAN SPELLING AND ARITHMETIC SCORES (OF A POSSIBLE 60) BY SEX AND 1-E LEVEL
(POWERLESSNESS)

Boys Girls
Math Spelting Total Math* Spelling* Total

High N 46 46 69 69
1-E X 20.9% 25.2 2.1 2.6 9.8 26.2
Low N - $1 51 54 54
I'E X 19.3 24.4 2.9 19.0 1.2 2.1
Total 20.0 4.8 2.4 2.0 2.1 .9
*p. <.05

arlthmetic problems in the middle ranges of prob-
ability levels from say 30 petcent to 70 percent
probability, while subjects with low n Achievement
will not show this tendency to as great anextent and
may, in fact, avol the middle ranges and choose
tmote extremes either eround $0 percent or 10 per-
cent.

tn order 1o extract 2 measure from the data to
test this hypothesis stitistically, we used a proce-
dure developed by deCharms and Davé (1965). The
average deviation of the ten probabllity cholces for
each subject is measured around the overall mean
of all cholces for all subjects. A large average de-
viation indicates that the individual subject’schoices
range farther out In either direction on the scale; a
small average deviation indicates that the subject's
choices are contentrated ia the middle range. The

hypothesls then predicts that subjects with high n
Achievement will have smaller average deviation
scores than subjects with low n Achievement. Ta-
bles 3 and 4 present the means of the average devi-
ation scores from each group. We shall call this
score the risk score.

Table 3 gives strong support {or the hypothesized
relationship between moderate risk-taking and high
8 Achievement under alj conditions, l.e., for both
boys and girls and when the task involves either
spe’ling or arithmetic peotleme. Table 4 Indicates
that the I-E scale Is not related torisk-taking under
any conditions,

A Jook at Figutes I and 2 may make the resulls
with & Achievement clearer. Figure | combires
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TABLE 3

MEAN RISK-TAKING SCORES BY SEX AND LEVEL OF n ACHIRVEMENT

(LOW MEAN INDICATES MODERATE RISK)

Boys Girls

Math* Spelling*** Total Math* Spelling*** Total
High N 46 48 60 60
n Achievement X 16.2 .2 21.7 22.0 23.3 22.6
Low N 51 $1 63 63
n Achievement H 23.8 20.1 26. 4 2.4 7.9 26.1
Total 21.6 2.8 4.2 23.2 25. ¢ 2.4
* p.<.05
seep . <. 005
TABLE 4

MEAN RISK-TAKING SCORES BY SEX AND LEVEL 1-E (POWERL ESSNESS)

(LOW MEAN INDICATES MODERATE RISK) *

Boys Girls
Math Spelling Totyl Math Spelling Total
High N 4 46 69 69
I-E X 2.1 .5 .6 22.1% 25.3 2.0
Low N 51 51 54 54
1-E X 1.8 2.2 2.4 23.8 26.0 4.9
Totat 1.6 28.8 2.2 2.2 25.68 .4

*No significant differences

boya and girls and shows a high peak ia the mld

ranges of probabilities of success for the highn

Achievement subjects on arithmetic problers. The
curve for the Jow n Achlevement subjects shows an
interesting propensity to take extremely speculatlve
tisks. For the low n Achievement subjects 58 per-
cent of the chokces are in the rangeof O to 40 per-
cent probability of success.

Figute 1 presents the resulta for apelling. He<:
the high n Achierement curve shows a hump in the
middle, and the low o Achievement ¢ur ve sttuslly
shows a troagh Ia the middle ranges and s higher at
both extremesn as predicted by the hypothesls,

These results with arithmetic and apelling tasks
show a clearer diferentiation in risk-taking strate-
giea between high and low n Achievement subjecta
than most previous stodiea in this area, and suggest

the possibility that rlsk-taking ona serious task
such as spelling or arithmetic {8 more clearly a

function of n Achlevement than on the gameer like

tasks used In other studies. R (a aleo possible thut
the effect of achlevement motivation may be more
clearly evident In the culturally disadvantaged envi-
ronment than in the highly competitive middle class
tulture whete the range of p Achlevement scorea
may be skewed toward high g Athlerement.

DISCUSSION

All of the results reported from this study were
Cerlved from two different samples that were com-
bined for simplieity of presentation. When (he sam-
ples are investigated aeparately, the findings te-
ported repikcate in almost every case,
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Figure 1. Percentage of tasks chosen at each level
of probabllity of success on the arlthmetic risk-
taking task by subjects above and below the median
n Achlevement score.
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Replication of the data on spelling and arithmetic
skills is especlally Impottant since the testsfrom
which these scales derived were intended otiglnally
metely Lo glve preliminary data for the risk-taking
task, The fact that the relationships with n Achleve-
ment are significant at all is surpeising and even
embarrassing since the major thrust of onr theoret-
fes] argument peedicts that the n Achlevement meas-
ure should be more highly related to measures ol
change over time than to single test measures such
as these arithmetic and spelling skill tasks, Actual-
1y, the resuks, though significant, are not indica-
tive of high correlations, but of relationships quite
commensurate with others reported belweenn
Achievement and reademic achieveme' s,  Akhough
we have argued that o Achievement is primarily
& measure of the extensity of thoughiz about achieve-
ment and should, therefore, be relateé tolong-term
trends in behavior, our data remind us that a meas-
ure ol extensity is not completely independent of in-
tensity. To use the extensily measure exclsively
a8 2 measure of intensity is to misapply it; but the
extensity of \houghts about achlevement may give
some indicat on of the intensity of achievemert mo-
tivation 18 2 tpeciic area

Probably the most interesting revult of these pre-
Imisary forays into the study of motivation I cal:

Figure 2, Percentage of tas&s chosen at each level
of probabllity of success on the spelling rish-taking
task by subjects above and below the median n
Achlevement score.
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turally disadvantaged children I8 the evidonce that
the thought sample measures are more elfective
with boys than girls, and with the questionnaire
measure the reverse istrue. M Lhis result stands
up on replication, it may lead to further insights
about thought sampling.

R should be ¢clear by now that the 1-E acale used
here was not designed to measure the origin-pawa
dimension. It is our hope that 2 measure of this di-
mension can be devised based on thoug sampling.
To be vilid, the measure must allow the aubject lo
emit his oon behavior. Cholceof reactions selected
and presented by the experimenter as on a question-
naire imits the subjoct. We ateat presentbeginning
to develop 2 measure based on thought samples, and
peeliminary evidence indicates that it is feasihtle
and may be related to the measures of school skills
discussed here and even to long-tetm Indications
thal 2 person prefers to take personal respons®ilky
for hls actions.

We can only end this paper by noting that it Is
only 2 beginning. The research reported here ¢con-
stitutes the basis for a project that Is just getting
under way, the aims of which are to relate n
Achlevement to change In academic skills in a tongi-
tudinal study, to develop the concert and mearure
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the origin-pawn dimension, and ultimately to develop
training tcchniques for teachers and puplls simllar

to those used in achievement n otivation tratning
courses with businessmen (McClelland, 1965).
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PART i

amsmmmmsn Subject Matter, Content and Sequence

CURRICULUM improvement in the various disciplines has been ham-
pered by lack of adequate research paradigins to determine the effectiveness of
various instructional programs, by lock of relevant learning theory, and by inade-
quate conceptualizations for determiniing the content lo be learned. The structure
of the discipline itself, as formulated by one or more schulars, has provided
much of the basis for recent curriculum development. E. G. Begle in *'Curricu-
lum Research in Mathematics'' cites the extensive work of the School Mathematics
Study Group in the develupment and evaluaticn of a mathematics curriculum. The
structure of mathematics has proven to be a powerful o.ganizer for the mathe-
matics curriculum at the university, high school, junior high school, and now ot
the elementary school levels. The point of view adopted is that in learning m-the-
matics each pupil is to build his own structure of mathematics. Such a struciure
starts with a smaull number of concepls and eventually incorporates strategies of
problem solving. Begle argues that the necessary framework would be charac-
ferized by three aspects: ''1) the matheriatical content of the curriculum, 2) a
theory of learning of the content, and 3) a theory of the application of the con-
ten! to problem solving." Begle reporis that some of the results obtained by the
School Mathematics Study Group are being investigated in a Nationel Llongitudinal
Study of Mathematical Abilities.

Similar problems of curriculum research and development are com-
mon to science. Arthur Livermore examines the structure of science (a science of
science) as the basis for curriculum reform. Reperts of the various curriculum groups
(PSSC in physics, BSCS in biology, and CHEM and CBA in chemistry) indicate a
union of scientists, educators. and psychologists working together on the prob-
lem of curriculum design and svaluvation. The evolution of the so-called new
curriculum in science can be characterized as starting effectively first at the
high school leve!, then junior high school, and now at the elementary schoel level.
While these curticulum studies emphasize concepts of importance within the re-




spective disciplines, corresponding e=inphasis is also given to the empirical aspecis
of science as represented in the laboratory activities common to all of the curricu-
lum studies. For example, the American Association for the Advancement of Science
hos produced o program for the elementary school which emphasizes the process
approach to science. In this approach certain cognitive skills are used as the or-
ganizers of the curriculum, However, the lack of an encompassing conceptual
framework in the science inhibits the development of a systematic curriculum
K-12, Rather several well-prepared curricula are being developed at the various
school levels.

Curriculum development in English is also dependent on the struc-
ture of that discipline. Robert Pooley discusses various efforts at developing cur-
ticulum rationales and miaterials in such areas as literature, composition, lan-
guage, and in the emerging grammars of the English laiguage. Development and
research underway in the various areas are reparted with carticular emphasis
given to the structural and transformational grammars.

Reading ability is of fundamentai concern in the usual cu:riculum.
The demands placed on the learner vary across age, and across subject matter,
yat the student is not irained ‘n techniques of reading science, mathematics or
English. A research paradigm appropriate to invesiigating variation in the rate
of reading is reported by Wayne Otto, Theodore Harris, and Thomas Barrett in
“Research in Reading."” The authors investigate the question of *‘whether varia-
bility in reading speed developed by training with carefully constructed, short
model paragraphs will transfer to reading the less tightly structured passuges
typically found in classroom material.”" Ex.ansive details on procedures and re-
sults are reported.

The contribution of psychological research to the development of
curricvla in mathematics is expanding, accordirg 1o fAyron Rosskepf. b.e cites
the work of various psychologists in discussing the attainment of mathematics con-
copts. The effect of the learner's sysiem of focusing on the problem at hand and
the ovuilable strategy of problem solving are discussed.
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mus Curriculum Research
in Mathematics

1 SHALL interpret “‘curriculum'’ in
the above title very broadly, since 1 believe that re-
search In mathematics education must invoive re-
search on the learning of mathematics, the teaching
of mathematics, problem solving, etc., as well as
the syllabus, and that exclusive concentrationon any
one aspect of this complex is not fruitful.

1 shall not attempt a historical surveyof re-
search in mathematica education. Weaver (1957-
1966} has provided useful lists coveringresearchon
elementary-school mathematics for each year aince
1951. Browa (1958, 1960, 1063, 1965)has provided
biennial annoted reporta of researchon mathematica
teaching carried out oince 1958, A glance at these
reports indicates that a considerable amount of re-
search has been done in the past and alsn Lhat the
volume of research is increasing rapid’y. A more
careful look, however, providea the melancholy in-
for mation that this large rumber of researchefforts
yielda very litile that ¢an be used to Improve math-
ematica education. This Is not to say that all these
efforts have been wasted, There areinfact many
ingenlous ideas and auggestions whichought to be
followed up. In general, though, the repsults are
too special or incomplete to be of any wide use,

R doea not take much reflection to see why thia
should be the cage. Research in education ingen-
eral, and in mathe matica edication in particelar, is
much more difficult then tezearch in say, peychol-
ogy or ¢hamistry. Fo: one thing, the numbder of
variables that ahould be taken into account favery
large. Mathematica nchievetnent ¢ an be affectad,
at leaat in theory, by the pelor leazninga of the subd-
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jects, by awide variety of cognitive abllitles and
cogaitive styles, by attitudes toward mathematics,
an1, a8 we well know, by socfo-economic and demo-
graphic vasiables. Similarly the cognitive and af-
fective state of the teacher may well affect the stu-
deont's learning of mathematics.

In order to isolate and compare izodifferentcur-
riculum treatments, for example, ftisnecessary to
take all these varlables Into 2ccount 80 that the ef-
fects due to these variables wlil not be codfounded
with those due to the curriculum troatments. To dd
this generally requires either a large experiment or
a large number of carefully correlated small ones.

Until very recontly, it haa been almost impossi-
bie o meet this requirement. Experimentain math-
ematica education have been carried out by Individ-
uals with limited resources. The experimentsof ne-
cessity were small In scale, Involved relatively
amall numbers of subjects, and had a ahort time
span. Only very recently haa financial support be-
come available whichmakes possidble some of the
studies and experiments necessary tor algnifkcant
improvement in mathmatics education.

A large scale investigation now being carried out
by the School Mathematica Study Group is the Natjon-
;: tmgi:t,dlml Study of Mathematical Abilities [Ca-

n, 198),

In this study three groups of students enlering
gradea 4, 7, and 10 in Seplember, 1962, tolaling
over 2 hundred thousand, will have beenfollewedfor
five years. The mathematica achievement of each
of theae 2tudents has been measured twice e2chyear,
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The primary purpose of this study lstoascertaln
the effects of the new mathematics curricula mor-
der to provide guidance for further curriculum Ze-
velopment

It was necessary, of course, to measure not on-
ly the level of mathematics achlevementof each stu-
dent at the beginning of the study, but also as many
as possible of the other variables whichmight affect
the results. We have therefore obtained measures
of a conslderable number of cognitlve variables,
selested by our psychological consultants, for their
probable relevance to mathematics achievement. An
extenslve attltude Inventory was admlnistered three
times during the study, since we want to know how
attitudes affect achievement and also how achleve-
ment affects attitudes. We have some informatlon
about the socio-economic status of the students as
well as information about the schools. Most ol the
teachers of the students included In the study have
provided us with extensive information about their
training and experience, and more than half of them
have also provided Infor mation about thel, vttitudes
toward mathe matics, teaching, ete.

When we analyze this enormous massof informa-
tion, we wlll not only lind out what we want to know
about the differentlal effects on mathematics achieve-
ment of modern curricula as compared with conven-
tional ones, but we wlil also obtaln as a by-product,
infor mation on the effects on mathematice achleve-
ment of the other variables we have measured,

This kind of information should prove valuable
both to the design of future experitients and In the
interpretation of past results. Hopefully we wiil
find that many of these variables have little or no
effect on mathematics achlevement. When this is
the case, future experiments involving slmilar etu-
dents need not take such a variable into account,
and we will have more corfidence irgeneralizing the
results ol past studies which did not controlon such
a variabte.

However, while studles such as thisone will
prove very helpful, it Is doubtulthatthey wlllprove
sufficte. There is another fundamental problem
which must be overcome before we cau expect sig-
nificant tmpeovements in mathemati.s education
This provlem is the lack of any theoretical frame-
work for mathematics education. Without such a
framework, one whose broad outline has reasonably
widespread acceptarce, there is noway lo program
the many individual small studles which will con-
tinue to be undertaken so that they can be mutually
reinforcing and can contribute to overallforward
progress. Rt is my belief that the time I8 ripe to
begin the construction of such a theoretical frame-
work.

THE MATHEMATICAL CONTENT OF THE
CURRKULUM

One aspect of 1t of course willbe concerned with
the mathematical content of the carriculum. Before
discussing this, 1 wili turnlo whatmay seem al
first to be a digression. 1am surethat manyofour
teachers Jook on our nzw crrricula as a revolution
in schoot mathematice. Ina s~nse this Is cotrect,
but it is merely a amall aspect of a revolution in

Q
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mathemativs !tself which has been going onfor a
century and a half.

This revolutlon stems from the work of Abel and
Galois. When Abel demonstrated the nonexistence
of an algebrai¢ formula for the solution of the quin-
tic equation ard wh=n Galais applied his methodsto
settle the general probler, the direction of the de-
velopment of mathemaltics was changed forever, Ob-
viously they did not obtaln their results by time-
honored computational procedures. Insteadthey dem-
or.strated that an examinatlon of the over-all strue-
ture of a mathematlcal system, in contrast to com-
putations wlith the individual elements of the system,
was a very powerful mathematical tvol and could
lead to solutions of problems not otherwise sclvable.

Although the revolution dates backtothe previous
century, it gathered momentum slowly, and It was
only In the present century that 1t s effects became
overwhelming. The tremendoasflowering of modern
algebra and of functional analysis which started
early in this century could not have taken place with-
out the ideas about structure first pointed out by
Abel and Galols.

During the 1930°s these ideas began to be applied
in the graduate curriculum, and it became ¢lear that
these ldeas, already demonstrated to be powerlul
and indispensable in mathematical research, were
also powerful and effective In mathematics instrue-
tion at this level. During the nexttwodecades a
start was made on a revition of the undergraduate
curriculum !n the universities along the same lines.

Consequently, when mathematicians Joined with
high-echool teachers in an attempt to improve the
secondary-school curriculum, their tirst Inclina-
tion was to apply to the subject matter nor mally
taught in these schools the same puintof vlew to-
ward mathematies, an emphasis on tiructure, which
had proved successtful not only in mathematical re-
search » ¢ also In mathematical education at the uni-
versily level. When it was discovered that this
could be done successfully for the secondary- s¢ hool
curriculum, the reform movement continuedand re-
vised the elementary- school curriculum inthe same
spirit.

There are two important chservations which now
need to be made. The first is that this revolution
has been successfuily concluded. The secoad is
that no new revolution is clearly in sight. Even if
the [irst stirrings of a new revolution might be tak-
ing place In mathematical research, its effects
could not appear in the pre-college programfor gen-
erations. Consequently we can agree on the broad
outline of the contert of the mathematics curricutum
for the achools.

This content 1s well enough koown that we need
not spell it out here in detall. Sufficc it to mention
that the mathematical topks inctuded in the zurric-
ulum are, with few exceplions, those inctuded tn the
pre-revohutionary curricolum. Only a few pew
topics, such as inequalities, have been added be-
caase of their intrinsic importance, and only a few
:ter':er topics have been given lesser emphasis than

ore.
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On the other hand, the new curriculum differs
radicaliy from the old in that it includes the struc-
ture of the cc..amon mathematical systems, the
basle mathematical couc2pts and their Interrelation-
ships, as we'l as the basic mathematical facts and
techniques.

Before discussing the Impiications of this new
aspect of the curriculum for our theoretlcal frama-
work for mathematics education, it (s well to polnt
out that while {few new topics have been incorporat-
ed In the curriculum so far, there will undoubtedly
be new ones to be added from time to time. The na-
ture of our society at present is guch that it would
be wise to include a8 20oon a8 possible, and for all
students, some of the dbasic ideas of probability and
statistics as well as some of the mathematical ideas
relevant to high speed computers. Incorporation of
any such new topic into the curriculum will require
research to determine the prlor understandings
needed by the student, the most efficient location of
the topic in the sequence, etec. We can certalnly
look forward to a continuing need for this kindof re-
search

Returning now to the curriculum, we see thst
ovr aim In mathematics education is to help eaca
student to bulld in his mind & conceptual structure.
This structure, for primary-schoolchildren, starts
with a small number of concepts, abstracted di-
rectly from the real world, about number and geo-
metric conligurations. As the chiid progresses
through schuol, these concepls arerefined and
shar pened, and the relationships between them be-
came increasingly complex. At some stage, new
concepts are met whichcomenotfrom the real
world but rather from previously learned concepts.
The concet of irrational number Is a case at point.
Among these conceptathereare, of course, those con-
cerned with computation. For example, we do not
ask our etudents to memorize aninfinite mulitiplica-
tion table. Rather, we let them stop after 9>9 and
teach them the algorithm for multiplication,ardthis
is a concept.

Naturslly, the order in which mathematkes) con-
cepts are learned Is subject to some variation, and
mwh research time could be devoted to studying
the effects of variations in the sequence. However,
in my opinjon, most of this time wouldbe more use-
luily employed il devoted to some of the problems
discussed below.

A THEORY OF THE LEARNING OF THE
CONTENT

What this means for us Is that our theoretical
framework for mathematics education must have as
one of {ts many aspects & theory of the leerning of
mathematical concepts and relations beiween these
concepts,

No well-developnd theory of this sort now exists.

Or.e's first thought, when the topie of learning of
any sort Is brought up, {8 to turn to dur ¢olleagues
in psychology for advice and assistance. A very re-
cent survey of contepl growth ia childdren (Wallsce,
1963) ahow s that paychologists can provide very
{ew uselul answers 10 Ouf questions, Much work
has been done in this country ot the development of

ERIC

Aruitoxt provided by Eic:

concepte, but Interest Is usually focused on the
strateglzs used by the subjects in trying toguess
which combinations of color, sizes, shapes, ete.,
the experlmenter has chosen. Nelther the concepts
nor the strateglies have muchrelevance to class-
room learning.

An interesting by-product, however, of these
studles is that the avallabllity of verbal labels for a
concept plays an important role (Kuenne, 1946) and
will have to be faken into account in any theory of
the learning of mathematical concepts.

Some of the Investigations of *‘dlscovery’’ teach-
i{ng in this couniry have involved the learning of
some non-trivial mathematical concepts. Unfortu-
nately, the results of these studles present a con-
fused plcture. For a review of the present state of
affairs, see Cronbach (1066).

Outside the U. 8., Investigailons of conceptlearn-
ing have been dominated by the work of Piaget. He
deserves great credit, of course, for Investigating
real mathematical concepts and how children come
to acquire them. Unfortunately, he generally ¢ on-
fines himsell to the Initial concepts of any branch
of mathematics and has little to tell us about the
learning of the later und more refined concepts or
the learning of relationships between concepls.

A more fundamental difficulty Inspplying Piaget's
findings in mathematics educstion lies in the fact
that, when he questions a child to see how well he
understands a concept, he Is very careful never to
provide the child with any subsidiaryconcepts which
might helphim. 1n fact, he seems to be investi-
gating what children can learn without the benefit of
coducation. There are, however, some indications
(Kohnstamm, 1985) that the picture Is quite differ-
ent if children are provided with some assistance in
the form of subsidiary concepls.

In short, the task of bullding a theory of the learn-
ing of mathematical concepts still lles before us.
Some ideas about what will have to be Included in
such a theory can be obtained from the sources just
mentioned. It should also be mentioned that s0me
very interesting work, with which we are just be-
ginning to become acquainted, is belng done in Rus-
sla, and this work may provideus withfurther clues.

In order to construct a suitable theory of the
lesrning of mathematical ccencepts, andsuch a
theory should be quantitative rsther than purely qual-
ftative, it wi)l be necessatytoconslrucet Instru-
ments which measure how well a student undar-
stands a particular concept.

This wlll not be an easy task. Concepts are not
observable. Mt will be necessary touse indirect
methcds to assess a student's understanding of a par-
ticular conceft. Perhaps we can obtain some guid-
ance on this from our colleagues in the physical sci-
ences, who s1s0 deal with unobset vables such as
rewtrinos,

Perhaps the most useful contribution which Pis-
get haa made to our present efforisis his demonstra-
tion that stillte] quastioning can provide precise and
detatled infor mation atoutan individual’s understand-
ing of a contept of problem. Simllar Individoal In-
terrogations wlll *ndoubtedly be an impottant tool
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in the development of instrumentsfor measuring un-
derstanding, althovgh the {inal inst :uments will
need to appear in a more standardized format. It is
worth observing that Brownell (1963, also has found
working with individual childrena viluable pro-
cedure.

THE APPLICATION OF THE CONTENT TO
PROBLEM SOLVING

A final aspect of our theoretical frameworkfor
mathematics education is that of p:oblem solving.
It would be futile to provide our students witha
thorough understanding of mathematics if they were
not able to use this understandingtlo solve problems,
What we need therefore Is a better understanding of
how we can help our students todevelopuselul strat-
egles for solving problems.

This seems to call for a considerable amount of
exploratory work. We do have already, however, &
variety ol problem-solving strategiea thatcar be
investigated. Polya (1945) fo: example, has written
extensively on this topic. In another direction,
Newell, Shaw, and Slinon (1959) have investigated,
ty means of computer simulation, the power of cer-
tain specific strategies. These strategies hadbeen
identilfed as ones actually used by at least some
students, and a computer program thenverified
that the strategles were indeed effective. Instill
another direction is the very Intcresting work by
Crutchield and Covington (Crutchield, 1966), Using
comic-book for mat for their materlals, they were
sble to train their subjects to examine the rel tion-
ships between the various aspects of a prodblem sit-
uatior, and the implications of these relationships,
for a sufficiently long time and in sufficlent d2 pth
10 arrive at a solution, Thelr problems were not
mathematical, but thelr procedures *\ay well have
implications for mathematics education,

The Russian literature, mentioned above, also
has suggestions of problem-solving strategles which
are worth ir stigating.

There are still two other sources which may pro-
vide us with raax material for investigation of prodb-
lem solving. The strategies used by Nevell, Shaw,
and Simon were oblained by having a numbder of stu-
dents solve problems aloud during Individual inter-
views. This procedure may well prove veryfruit-
ful, especially at the elementary school level, where
we seem to know Jess than at the higher levels,
§imilarly, classcooin observations of teachers
teaching prodlem aolving and of their techniquea for
helping students to solve prodblems may pay good
dividends.

In short, we already know a number of prodlem-
solving strategies and we have suggestions for lo-
cating others. What we need to do now is to start a
systematic study of techniques for teaching these
strategles to students and of the ability of students
to use these strategies. We need to study inpartic-
ular the degree of understanding of the conceptual
structure of mathematics a stadent needs before he
can learn a particular strategy and useiteffectively.
This pointe wp again the teed for instruments which
can be used to measure undersianding of mathemat-
Kcal concepts.
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To summarize briefly, I have been arguing that
substiantial improvements in mathematics education
will have to be based on more fundamental research
than has been carried out so far. I have further ar-
gued that the magnitude of the task is such that the
cfforts of a large number of research workers wlll
be needed and that these efforts can be made mutu-
ally reinforelng and contributive to substantial im-
provement only if there Is anoverall theoretical
framework which Is generalty accepted and which
can be used not only to suggest indlvidual research
problems but also to relate individual findings in a
meaningful pattern.

Three aspects of such a theoretical f[ramework
were mentioned: the mathematical content of the
currlculum, a theory of the learning of the content,
and a theory of the application of the content to prob-
lem solving. The first is, except for minoi varia-
tions, dictated by the nature of mathematics itself.
It differs from the curriculum content of & genera-
tion ago by emphasizing the conceptual structure of
mathematics as well as routine mathematical skills.
This part of our theoretical framework, then, 1s gen-
erally agreed to. The rest however, we will have
to construct. We have a few bits and plecen tostart
with, but a great deal of empirical work will have
to be done before even the outlines of these aspe :ts
of our general theory will emerge.

Finally, I have argued that an essential tocl that
we must have to carry out our task isabattery of in-
struments which measure understanding of mathe-
matical concepts, and herce thatour first step
should be that of starting to coastruct auc h instru-
ments.

CONCLUSION

In conclusion, I should like tonotethat any frame-
work we may constrct for mathemati.s education
may be quite specific and not immedlately general-
izadle to other subject matter areas. In mathemat-
ics we deal with only a very few aspects of the real
world, namely the numerical and geomelric aspects
of physical situations. 1In sclence however, for ex-
ample, many more different aspects of reality are
considered, e.g., life, energy, mass, acceleration,
color, density, galaxies, elas'icity, genetics, the
periodic table. However, as a student progresses
through the curriculum, his mathematical concepts
are refined, sharpened, and generalized to a much
greater extent than his sclentific oncs, tothe result-
ing mathe matical conceptual structure differs mark-
edly from his scientific one. Hence the process of
concept formation in mathematics may aot be the
same 28 in science, and problem-solving strategles
may have quite different values inthetwo areas.
And when we move to more remote curticulum
areas, such as sociai science or literalure, for ex-
ampie. the situation {s probably even moredifferent.
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wass Cyrriculum Research
in Science

DEVELOPING and testing new sci-
ence programs for grades K through 12 hasbeen an
activity of hundreds of nniversity scientists and
school teachers during the past ten years. The wide-
spread and large-scale revolution in pre-college
sclence reaching has been possible because large
sums of money have been avallable from the Nation-
al Science Foundation to {inance the activities. The
early curriculum reforms came at the high school
level and these are now well established In sc hool
systems throughout the country. Bectause they are
well known I will not elaborate on them,butit s im-
portant to review them briefly because they have,
in large measure, set the pattern for science cur-
rleulum research in the pre-high school grades.

fiiGH SCHOOL CURRICULUM RESEARCH

These high-school curriculum projects did sev-
eral important things. Inthefirst place they
stripped away the authoritarian discussions of mod-
ern technological advances which had been tacied
on to science courses that were twenty years or
more out of date, They adopted the philosophy that
teaching science was much more than teachingacat-
alog of facts. Rather, it should be teaching facts
together with concepts and developlng at the same
time ar. understanding of and an abllity to engage
actively in the scientific enterprise.

To accomplish these things the approachtoteach-
ing was radically changed. No longer was the dis-
cipline presented in lecture and in text in didactic
fashion. No Inpyer did the laboratory serve asa
place where thu student demonstrated to himself

uccxmme Arthur H. Livermore

Amerlcan Association for Advoncement of Science
Commission on Science Education
Washington, D. C.

facts already known. Instead, the laboratory has be-
come the place where facts are learned through in-
vestigation and the classroom the place where the
results of laboratory investigations are discussed
and an understanding of fundamental scientific con-
cepty are developed.

The Physical Science Study Committee {PSSC)
led off the revolution in 19£6. This group decided
to deal with physics as a unified story in which the
successive toplcs would lead toward an atomic pic-
ture of matter, and along with all this they hoped to
develop the idea that physics isnotabookcompleted
or closed but is an unfinished and continuing activity.
They designed new and simple laboratory equipment
and devised new experlments so that tt.e PSSC labor-
atory became the place where studentscarriedonin-
vestigations, not simply demonstrations.

In a similar way, the other high-school eurricu-
lum groups pointed their courses in new directions,

The Chemical Bond Approach (CBA) projectgrew
out of a conference of college sclentists and high-
school teachers held in the summer of 1857. Tho
group noted that little change had taken place {nhigh-
school chemistry courses for at least twenty yeair s
and that modern chemical concents were little men-
tioned and little used. The CBA group decided to
make the most fundamental of all ckemical concepts
the central theme of the program. Hence, the idea
of chemical bonds has become the unifying thresd of
the curriculum, Chemistry is presented asaninter-
play of experiment and ideas - of what is observed
and what {g thought. In the laboratory program the
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students carry out small investigations, and inthe
classroom they learn tc apply chemica! concepts to
explain their observatlons.

The Chemical Education Materials Study (CHEM
Study} also stresses observation and concepts. This
study grew out of the recommendatlons of an ad hoc
committee set up by the American Chemical Society
tn consider needed changes in high-school chemis-
try. The philosophy of the CHEM Study group i3
that the important concepts 2nd generalizations of
chemistry should be developed incuctjvely and that
the evidence that the students use should be gathered
by them in the laboratory wherever possible. Where
this is not possible it i{s precented by teacher dem-
onztratlons or films. There is emphasls ontheuni-
fying concepts in chemisiry rather than ongreat vol-
umes and varleties of technical applications.

The Biological Sclences Curriculum Study (BSCS)
of the American Institute of Biological Sciences
faced some problems that were more touc hy than
those faced by the physicists and chemists. Tradi-
tionally, the topics of evolution and of human repro-
duction had been taboo in high-schooi biology
courses. Tha BSCS group felt that modern biology
could not be taught without introducing these topics,
and they, therefore, included them in the three
courses which tr.2y developed. Thoughthere has
been some resistance to these controversial topics
in a few places, there {8 now general acceptance of
the new courses by schools throughout the country.
Indeed, it {8 estimated that this year 80 percent of
all students taking biology in the tenth grade are in
one of the RSCS courses, Though the three BSCS
programs taks different approaches to the teaching
of biology, the goals are the sume ~ to present bi-
ology as a dynamic and growing field of knowledge,
not as an encyclopedic catalog of facts. A major
accomplishment of the BSCS grouphas been to
change the high-school biology laboratory from a
place where dead, preserved specimens are dis-
sected to a place where living organisms are exam-
ined and experimented with.

In every case the curriculum groups saw to it
that the materials were thoroughly tested in class-
roo.as hefore being released {or general use. Each
of the groups prepared batteries of tests to deter-
mine whether high-school students could, indeed,
learn science in these new ways. The results have
been gratifying.

One of the impurtant accomplishments of all of
the curriculum groups has been to bring together
sclentists and teachers to work out the new pro-
grams, These ure not courses handed to the
schools by college professors, but are truly pro-
grams that have be2n developed cooperatively.

Physirs has never been a popular subject for
high-school students, and the introductlon of PSSC
physics has not stimulated more students to study
this discipline. There has been concern among sci-
entists and educators that collegebound studgents, in
general, should have some exyerlence in this field.
One group having this concern is developing a new
high~school program which, it is hoped, willencour-
age non-science majors to take physics. The pro-
gram, called Harvard Project Physics, adopts a

cultural anproach. It develops important concepts

such as force, energy, and motion, but draws heav-
fly on th» humanistic background of the science.
The prosz-am is still in an experimental stage, and
It remalns to be seen whether it will achieve its
goal of increasing physics enrollment in high
schools,

The immediate short-range goals of the com-
pleted high-schooi curriculum projects szemto have
been reached in a satisfactory manner. Through
tryout and evaluation it i clear that high-school stu-
dents can learn science through the mediumof the
new programs., There are some ar ~as, however,
where further research remalns to be done. Each
of the curriculum groups either explicitly or implic-
itly suggest that tiielr approaches should develop in
students an understanding of and an abllity toengage
in the scientific enterprise, and an interest in and
enthusfasm for sclence which should ¢arry on be-
yond the high-school years. Little has been doneto
determine whether the programs do indeedhave this
effect. A long-range study to evaluate thisaspect
of the new curriculum programs would be desirable,

Another area which should be Investigated is the
effect of one prugram on another in a schoovl. For
exampl2, one might ask whether a student in PSSC
physics In the twelfth grade does better if he has
previously had BSCS biology and CBA or CHE M
Study chemistry than if he has not. The AAAS Com-
mission on Sclence Educativn has plansforcarrying
out such a study but the plans have not been imple-
mented.

A third and !mportant question is one of sequence
of the courses in high school. The curriculum
groups designed their programs to {it into existing
slots: biology, tenth grade; chemistry, eleventh
grade; and physics, twelith grade. This sequence
of courses has become established over several
decades but there is no logical reason for teaching
the courses in this order. Indeed, when one looks
at the interrelationships of the disclylines, logic
suggests that the order shcould be inverted. Modern
chemistry is deeply rooted in physics, and inodern
biology req.ires of the student morethana speaking
acquaintance with chemistry. The groups whe pre-
pared the chemistry and biology curricularecog-
nized the problem. The chemists were forced to in-
clude some of the ideas of physics -for example,
the concept of energy - in their programs. The bi~
ologists in tucn, had to include some slmple chem-
fstry In the hope that students would better under-
stand some of the molecular biology which is in-
cluded in the rourses. The result ineachcase I8
not completely satisfactory, and it seems clear that
some research needs to be done on this problem, I
shall deal with this later. But now I want to turn to
the pre-high school years and discuss the develop~
ment of science curricula there.

PRE-HIGH SCHOOL

[ said earlfer that the new high-school science
programs have set the pattern for science curricu-
lum research in the pre-high school years, The pat-
tern was set In several ways, including cooveration
of scientists and teachers in producing the new pro-
grams, and emphasis on 8tudent activity and
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and Investigation rather than on didactic preserta-
tions. As the new high-school currlsula came into
being, the writers nnd the teachers who used them
svon reallzed that many of the skllls and attltudes
that students reed for effective participation in the
new curricula should be learned In earller grades.
Let me take just one example. The sclentlsts work-
Ilng with high-scheol teachers developing CBA chem-
istry soon learpned from the teachers thatthey could
not assume that students entering high-scliool chem-
istry had developed skitls in constructing and Inter-
preting graphs and so a section cf the CBA program
is devoted to develuping these abillties. There
seems to pa little doubt that these are skills that
could be developed in earllcr grades.

Many of the scizntists who worked on the high-
school curricula are aow devoting thelr energles,
in collzboraticn with school teachers, fo designing
and teting scicace curricula for the eirly grades.
There are so 12any of these program.€ for ele-
merntary and junlor high school that we cannot exam-
ine them all in detall. But we will review most of
the major ones starting with the programs for the
early grades and telling you In sonie detail about
the elementa~y sc¢lence program on which Iam
working.

Each of the groups working at the elementary
school level have the same general philosophy and
rlan of attack. The purpose of introducing new sci-
ence programs into the early grades 1s not so much
to recrult more sclentists as to prepare indlviduals
to be sclentifically literate cltlzens. Literatanot
in the sense of knowing many scientiflc facts, but
of understanding both the power and the limitations
of sclence and fts fundamental concepts.

The approaches that the various currleulum de-
velopment groups are taking to achfeve thls goal
vary widely. The Elementary Scl{ence Study of Ed-
ucational Services, Incorporated takas the poslition
that the child should be introdvcedto sclence by pre-
senting him wlth a variety of materials to investi-
gate. They have develored and tested Inclass-
rooms, units on outterftles, gases and airs, klichen
physlcs, mlcrogardening, meal worms, and many
other topics. Let us luok at the meal worm unit a3
an example,

The chlldren are given shoe boxes containing a
few meal worms and are left to irvestigate them on
thelr own. Gradually, as they oliserve them, they
begin to ask questlons. How do the meal worms
find the edges of the box? How do they find their
food? How do they back up?... and so on. As they
design experiments to answer their questlons, it is
hoped that they will learn to evaluate evidence based
on observation, classiflcation, measurement, and
control of variables; that they will learntoask ques-
tions that they can answer by simple tests; and that,
at the same tlme, they will davelop an ernthuslasm
for sclentific investigation.

The School Scilence Curriculum Profect of the
Urdversity of Diinois has a phllesophy similar to
that of ESS.

The Science Curriculu:a Improvement Study at
the University of California takes adifferent ap-

proach. Its maln thrust Istodevelop an urderstand-
Ing of sclence concepts starting inkindergartenwlith
the slmple concept of “‘What s an object?’’ and mov-
ing from there to ‘‘What i3 a system?’', “What Is

meant by intcraction?’, and so on. Their program

Is more structured than ESS hut stlll leaves room

for investlgation by children.

A sclence grogram for the early grades {6 Llie
Minnesota School Mathematics and Sclence group,
abbrevlated ‘'Mlnnemast.’" Thls group began by de-
veloping a mathematics program and then devising
science units to go along with it, Thelr science pro-
gram alms at developing both skills und coucepts.
So far they have seven units for Kkindergarten and
first grade entltled “Watching and Wonderling,”
“Describing and Classifying,’’ “Our Senses,'’
‘Shape and Symmetry, " ‘“Objects and 1kelr Prop-
ertles,’ ““Changlng and Unchanging Properties,”
and ‘‘Introduction of Measurement, '’

The profect with which [ am working {s develon-
ing a program, called Eclence - A Process Ap-
proach, for K through grade 6, This curriculum
development {8 one ot the activitles of the AAAS
Comralssion on Sclence Education. Shortly after [t
was established Ln the spring of 1662, the AAAS
Commisslon on Sclence Education held two confer-
ences of sclentists, sclence educators, and teach-
ers, Froin these conferences came the suggestlon
that a fruitfui approach to teaching science in the
early gradas would be to devise exerclises which
would develop children’s skllls in using the proces-
ses of sclence. The Commlssion elected to carry
out thls task. Thls program, which iz now being
tried out in schools for the third year, 18, llke the
other projects, a cooperatlve effort of sclentists
and school teachers.

A pasic premise of this project 13 that a sclen-
tist’s behavlors as he engages in his pursult consti-
tute a complex set of skills and §.. :llectual activ-
itles but that these can be anzlyzed into simpler ac-
tivities, aad it 1s these simpler activitles which we
are calling the processes of science, Another prem-
ise is that the individual’s ability to use these vari-
ous processes can be developed In a step-wise fash-
ion beginning In the earliest years nf schovl. The
processes for the early grades have been ldentified
as observing, classi{ying, measuring, communicat-
ing, inferring, predicting, recognlzing andusing
space/tlme relationshlps, and recognizing and using
number relationships. For each of the processes
there 18 a series of exerclsesof increaslngcomnlex-
ity and dlfficulty waich require the child to engage
in actlvities in the classroom rather than to simply
read or be told about &cience,

Let me glve you a better idea of what the wogram
is all about by describing in some detailone of the
exerclses written for the first grade, The exercise
I8 the fourth one in the Communicating process and
{8 entltled, ‘‘Introduction to Graphing." [t staris
with a statement of objectives - “‘I'ollowing this ex-
ercise the child should be able to’’:

1, construct a bar graph.

2, \dentify and name the number of {tems repre-

sented by the bars of such a graph.

3. state the number of items represented by the

bars and distinguish betweer suchexpresslons
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as moie than, fewer than, the same number

¢2, nwost, and fewest.
These 13 a section called Rationale which tells the
teacher why graphiny is Introduced at this level. It
gives her some suggestions about cortructing bar
graphs and also includes suggestlons of how to han-
dle chiliren’s questlons abuvt why a graphlsuseful
in communlcating Informatlon.

The activities are Introduced by putting into a
box a number of colored blocks so that there wiil be
one for each child and so that there will be at least
three dliferent colors. The teachei then aske cach
chlld to come and pick a block out of thebox and then
put it into a rough plle on the table so that the blocks
of each color will be plled together, The teacher
then asks the chlldren if it {s easy toflnd how many
blocks there are of each color. The chlldren, nf
course, find it necessary lo come up to the table
and count the blocks in the plles, The teacher then
asks If they can think of « way of arrauging the
blocks so that the number can be found more easilv
and suggests, I the chlldren d¢ not think of it, that
if the blocks are plled In vert!cal columns, they can
te counted easily even from a dlstance. Tnis leads
ultimately to the questlon of ways of remembering
kow many blocks there are of each color and into
the next activity In which bar graphsarefirst Intro-
duced. In that actlvity each child agaln selecis a
block and also a felt square and as he putstheblock
in one of the piles on the table he puts the felt square
{r. one of 1he columns on a felt board. At the end of
this activity there ls a bav graph conslsting of felt
squares on the {elt board, one column for eath col-
or of block. In the activitles that follow the chil-
dren make bar graphs by coloring squares on large
sheets of paper and finally are Introducedtothe ldea
of a grid and of labeling the vertlcal axis of thegrid
wlth numerals and the horlzontal axis with a key to
identlfy the objects.

At the end of this exercise ls an Appraisal which
the teacher uses to determine whether the children
have developed the skllls set forth in the objectives.
For che Appraisal the children are given objects
such as toy vehicles of varlous sorts and asked to
wale graphs to indicate how many of each type there
are and then to answer questions the teacher poses
about the graph - Questions suchas: Are there
fewer cars than motorcycles? Are there more
trucka than motorcycles?

You wll] have noted that one of the processesthat
I mentioned is recognizing and using number rela-
tions. While there were some of the vwriters who
felt that it was not necessary to include number ex-
erclses in a science program, the majorlty agreed
that since number skills are required in manyof the
other process exercises, we should not slmply as-
sume that the chlld learned them inhis regular
mathematics program. The exerciges in the num-
be. s process are not intended tobe a complete math-
ematics program but are intended to supplement the
program already in use In the classroom.

At the fourth grade we begin to shift gears and
introduce a new set of processce which are inore
clearly recogaizable as actlvitles that a scientist
engages In, These processes ar e formulating hy-
potheses, controlling varfables, experimenting, in-

terprcting data, 32visiug modeis, and maklng oper-
atlonal definltions. We sometlmes speak of these
a8 the integrated processes because they bring to-
gether the skills from the earller part of the pro-
gram,

One of the advantages of a program in which the
objectlves are etated In behavisral terms is that
evaluation can be cone by assigning the chliuren
tasks which will indicate whether or not they have
attalned the expected skills. For example, follow-
ing the kindergarien exercise in which the children
learn to identify and to name various plane shapes,
such a5 circles, squares, triangles, and rectangles,
it is & simple matter for the traclierto present a
chlld with an array of plane shapes and ask him to
polnt to a triangie, or the teacher might pcint toa
circle and ask the chlld to name it. The results of
each task can be recorded with a blnary scale. Yes,
the child could perform the task, or no, he could not.
For each exercise we have prepared a series of
tasks which we call the competency measure. Each
teacher in our tryout program uses the competency
measures on a sample of children from her class
after she has taught each of the exercises. The re-
sults of this testing In the varlous tryout centers
are collected and tabulated and used by the writers
as they revlse the exerclses durlng each summer
writing session. The results give the writers a
good ldea about the success or faliure of any given
exercise.

There ~re many aspects of the teaching in the
classroom that we cannot learn about through the
competency measure and so we ask each teacher to
glve her subjective impression of the exerclse ona
feedback form. This Includes Information about the
time requlred to carry out the instruction, sugges-
tions of activities that might b2 omitted or added,
the reaction of the class, including Interest and en-
thuslasm, carry over of learning to other activitles
or areas, arnd attention span. This feedbackisalso
helpful to the writing group as the program is re-
vised.

Although the emphasis in Science - A Process
Approach s on developing skills in using sclence
processes It is important to ask the questlon, *“What
about science content?’ It is obviously impossible
to teach process skllls withoutusing content of
some sort, and the content that we use {s drawn
from various flelds of sclence. To Insure this we
include in our wrlting team sclentists from all ma
jor areas. In the eacly grades, of course, there
are many exercises In which the relationshlp of the
content to science appears to be somewhat Jdistant.
Learnirg to recognize ¢.d name tw o - dlinensional
and three-dimenslonal shapesisan example. Learn-
ing to make graphs using colored blocks is another,
However, as the program progresses into hlgher
grades the content {s more and more clearly sci-
ence. For example, among the twenty-five exer-
cises In Part Five, which is used In fourthgrade,
are the following:

Inferring 8 — Inferences of Patterns in Electric

Circults

Defining Operationally 1 — Circults, Conductors,

and Nonconductors

Controlling Varlables 1 - Growth of Mold on

Bread
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Interpreting Date 1 - Gulnea Plg Learning in a
Maze

Controlllng Varlables 7 - Orlentatlon of Plants

Experimenting 1 — Separating Mitures
Of the elghty-one exercises in Parts Five, Six, and
Seven, the subject matter is approximatetly as fnl-
lows: physlcs 33 percent; blology 21 percent; math-
ematlcs 17 percent; chemlstry 9 percent; psychol-
ogy and soclal sclence Y percent; earth science 7
percent; astronomy 4 percent.

JUNIOR HIGH SCHOOL

We belijeve, then, that by the end of the slxth
grade, chtldren going throughthls program will not
only have developed sufficlent skills tocarry out
slmple investigatlons but also will have a store of
sclentific kiowledge which wlll mnake It posaible for
them to embark on a falrly sophleticated sclence
program in the junior-high-athool years., What the
pattern for junior-high-schcol science wlll turn out
to be is not yet clear. At the moment there are
four groups who have developed curriculum materl-
als for junlor high school and tested themonafairly
wide scale, Then there are several other groups
who are at earlier stages of curriculumdevelop-
ment. The four programs that are farthest along
are centered mairly in the physical and earth scl-
ences ard astronomy.

The astronomy program, known as the Unlversity
of Dlinois Elementary School Sclence Project, ac-
tuzl'y is designed for the later elementary grades
and the early junfor-hlgh-school grades. This pro-
gram is frankly subject matter oriented and con-
sists of a serles of chtldrens’ books and teachers’
guldes. The program starts with the topic ‘‘Chart-
ing the Universe,’’ which includes measuring dis-
tances in the solar system, measuring the slze and
shape of the earth, and using llghtasatoolfor meas-
uring great distances. The topics whichfollow it
are ‘“The Universe in Motioz,”’ * Gravltatlon, '’ and
‘‘The Mesaage of Starlight. '’ Two additlonal topics
which are still in prepazation are *‘ The Li{e Story
of a Star” and ““Galaxies and the Unlverse, '’ Thece
materlals are not intended to serve as a complete
ecience program fur grades {lve through elght, but
rather as topics to be Included In a broader science
program. The materials arebeing tested by sev-
erzl hundred teachers In varlous parts of the coun-
try but the results of the evaluation have not been
reporied

The second program whichincludes some as-
tronomy hut many other topics ag well, isthe Earth
Science Curriculum Project wlich is degigned for
ninth grade. This courfe was first written by a
team of sclentists and teachers in the summer of
1964, revised in the summer of 1965, and isalready
being prep.red for commerclal publication, The
course, called Investigating the Earth, igan expexl-
ence-centered course in which Inquiry in the stdy
of natural prenomena is stressed. ltconsists of
four unlts - the first one, ‘The Dynramic Earth,’”
conslders thc materlals of the earth, earth changes,
earth motions, force fields, ard energy flow In
earth processes. The second unit, *EarthCycles,’”’
considers the hydrotogic cycle, climate, and the
earth's crust. The third unit, ‘“The Earth’s Past,’’
dlscusses the measurement of geologlc time and

paleoblology. The course ends wlth afourth urlt,
‘‘Earth and the Unlverse,'’ which begins with a dis-
cusslon of the muou, moves on to the solar system
and lts origln, and flnally to stars, galaxies, and
cosmology. The program has been evaluated in
eiphty classrooms, and student progress has heen
determined with a tust on science knowledge which
Is used both as a pre- and posttest.

A third junior-high-school program ~ Time,
Space, and Matter — is being developed by the Sec-
ondary School Sclence Project at Princeton Unlver-
slty. This program begins and ends in geology but
includes a good deal of fundainental physical sclence
as well. The students Investigate tuplcs such as
soluticn, crystallizatlon, and water erosion using
well-designed equpliment which is fu. .ished to them
in the form of Individual kits.

A good deal of attentlon Is being given to eval-
uating thls program to provide feedback for those
who are rnvlsing the course. Each teacher keeps a
dally record of course progress and reports at reg-
vlar Intervals to the project office. The teachers
are particularly requeeted to Indicate where stu-
dents shuw an extens fon of knowledge or interest to
out-of-class situatlons and where they show signs
of understanding or of confusion as they use the
course materlals. In addltion, the groupisdevelop-
ing a test to demonstrate changes in the behavlor of
chlldren after they have had experlence with the new
curriculum. Other methods of evatuatlon, including
the Instructlonal interview technigue, are being con-
sldered.

A fourth program, called Introductory Physical
Ecience, Is being developed by the same group that
prduced the high-school PSSC physics courre. This
course also Is Intended for ninth grade and is de-
signed to develop in the students baslc attitudes and
skills that they wlll need when they later encounter
the new high-school programs in physics, chemistry,
and blology. The first two-tilrds of the course con-
slders matter and its properties and leads tothe
need to assume that matter is particulate in nature,
The last third of the course considers the size of
molecules, molecular motion, and energy. This
course ie laboratory centered, and the group has
devised simple equipment which permits students to
carry on significant experiments {nordinary class-
rooma2,

It 1o clear as one looks at the new developments
in ecience curricula for the junior high school that
we are a long way from a smooth fluwing sclence
curriculum for these grades. There has been little
or no coordination among the presentcurriculumde-
velopment projacts., As a first step toward cooidl-
nation the AAAS Commission on Sclence called a
conferenca of representatives of the junior - high-
school curriculum projects In science and mathe-
matics. The conference was held in July 1965 at
Michigan State Universlty. As the representatives
of the projects reported on their work it became
clear that there was a majcr gap In the junjor-high-
school curriculum developments. No group was
working In the field of blology. The Blological Scl-
ences Curriculum Study has, for soma time, been
planning to develop a biology program for funior
high school, but they have made no progress since
funds have not been made available to them,
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At the conference, Bentley Gilass and Arnoiu
Grobman of BSCS suggested two possible ty pes of
junior- high-school ecience programs. One Is a top-
ical plan and the other a stratified plan. In the top-
ical plan they suggestcd that the sclence program
for grade 7 include about half a dozer toplcs, such
as conservatlon of watler and cnergy, natural cy-
cles. blologlcal regilation, and homeostasis, An -
othcr half dozen topics would be developed for elghth
grade. These would include change through time -
cosimnological, geological, and biologlcal. Another
4roup of topics would be developed fos ninth grade
and would include the broad aspects of meteorology,
environment, and habitat,

The stratifled plan that they suggested was as
follows:

Grade 7 - physical science -~ ayear course In
descriptive aspects, largely earth sclences.

Grade 8 - life sclence — a year course in diver-
sity and unity in the organlc world, fundamen-
tal structure and functlon.

Grade 9 - physlcal science — ayear course in
baslc concepts of inatter and energy.

Another possible approach to an integrated jun-
ior-high-school sclence program was described at
the conference by Dr. Rohert Jastrow, chalrman of
the Junicr Hlgh School Science Subcommittee of the
AAAS Commisslon on Science Educat’ n. This pro-~
gram would follow naturally from ti.c elementary
program, Sclence = A Process Approach,but could
also bulld on the other elementary science programs
that 1 have already described. The course for sev-
erth grade would serve as a transition between an
elen.entary sclence - rogram where the student has
developed skllls In using science processes and
where he has 'zarned some basic science content;
and the elght and ninth grades in which the course
would develo; . coherent picture of man and his
phyeical and biologlcal cnviionment. The seventh-
grade course, which vould be rooted in laboratory
expariences and fleid trips, would consist of selec-
ted topics from tl.e physica’ and biological sclences
and from astronomy and the earth sciences.

The eighth grade would begin with consideration
of the basic materials and forces of the universe.
The neutron, proton, and electron as fundamental
units out of which all matter is constructed, and the
basic forces of nature - gravity, electromagnetism,
and the nuclear forces. The Intérplay of particles
and forces would then be used in the discussion
of the birth of stars and galaxies and the synthesis
of cheraical elements. The next siep would be to
consider current ideas atout the formation of the
solar system, nature of planets, and the probabllity
that olanets exist around other stars. Then geophys-
ics and geology would be introduced in a discussion
of the history and present structure of the earthand
Its atmosphere, and finally the course would take
up the elements of molecular bjology and comblne
this recently acqulred blological knowledge with the
geological discussion of the earth’'s hlstory inbroad
suttack on the problems of the crigin of 11fe and the
bivchemical foundations of evolution.

‘T'he ninth-grade courae would treat biology from
the point of view of evcluiion. The flrst topic to be
considered would be the development of se 1 repli-

cating cells from primitive catalysts and complex
organic chemical systems. Then multlcellular or-
ganisms would be discussed and the cimllaritles be-
tween plant and animal forms asfar as capture, stor-
age, and step-wlse relcase of energy is ccncerned,
Following this, differentlation and embryogeresis
would be considered and then the molecular, organ-
ismlic, and ecological factors involved in natural
selection would be treated. The ninth-grade pio-
gram would end wlth a discussion of ‘he development
of the nervous system and with how the nervoussys-
tem acc.unts for cunsclougness, g<receptior, learn-
{ng, and memory.

A course of thls sort, In which centrai groblems
of modern sclence serve as the core, should serve
as a general educatlon course for students who do
not elect to take much sclence in highschool. At
the same time, it shovld provide a solldbackgrourd
of the skills and understanding whichwould serve
as an effectlve base for the high school blology,
chemistry, and physics courses. No work beyond
planning has been done on this program yet. It is
hoped that work can begln within the next yexzr.

SCIENCE COURSE SEQUENCE

Now I want to come back tothe questionabout the
sequence of science courses in high school thatI
have already mentioned brlefly. One of the argu-
ments for puttlng physics off until the twelith grade
is that the students do not develop the necessary
mathematical skills urtil they have reached thatlev-
el. I have not sald anything about the new math-
ematics curricula except the relationshlp of mathe-
matics to the Science — A Process Approach ele-
mentary curriculum. There are, of course,sev-
eral pew approaches to teaching mathematics In the
schools. Inthese new programs the students devel-
op mathematical skilis at muchearller gradelevels
than they have done in the older traditionral pro-
grams, It is possible, I think, that Ly the end of
the ninth grade, students will have sufficient skill
In algebra to do the mathematics 1i: a r=odern phys-
ics course such as PSSC. Matheinatlcs skill would,
therefore, no longer bie a blozkto moving physics to
an earlier grade,

If a junlor-high-schooi sclencecurriculum glves
the student some ‘'undamental knowledge of physics,
chemistry, and blology and related sciences, I see
no reason why physice cannot be made a tenthi-grade
course, followed by cheinistry in grade 11, and a
molecular blology course in grade 12, Already, In
a number of school systems arouna the ¢ountry this
sequence is being tried.

There is another possible pattern for grades 10
and 11. Since there 2re a number of toplcs thatare
common to physics a1d chemistry, it is possible to
interweave these two discipllnes into a two-year se-
quence of physical science. An experiment is now
under way In Portland, Oregon, to do just this. A
group there set out three yearsagotodevisea‘‘road
map’’ thirough PSSC physics and CBA chemlstry and
a similar one through PSSC physics and CHEM
Study rchemistry so that teachers could move easily
from on2 book to the other. The program starts
with the topic ‘‘Interpreting the Universe, *’ and con-
siders fundame-*al concepts and measurements ard
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the nature of chemical change. The next section (s
mechanics which is all drawn from the PSSC course.
The rest of the year i{s devoted to the electrical na-
ture of matter, atomic models, and molecules and
energy. In all of these chemistry and physics are
interwoven. In the second year of the program there
is less tlending of the two subjects. The course be-
gins with optics and waves, folloved by electromag-
nctles and a discusslon of quantum systemsandthen
moves Into ccnsideration ol bonds and clemlcal sys-
tems; order, disorder, and change; and molecules
and energy.

This program has been evaluated uslng selected
test ltems from CBA, CHEM Study, and PSSC tests.
The Portland group reports that the combined pro-
gram Is successful and that even though students
are permltted to take only the first year if they llke,
a large majority of them stay with it for the fulltwo
years. At present, thig program Isdc¢3lgned {or
grades 11 and 12, but it could be used at grades 10
and 11,

The *‘road map'’ technique is not completely sat-
isfactory, and there Is need fox a fresh start to de-
velop an {ntegrated modern physizal sclence curric-
ulum.

REVIEW OF PROBLEMS

We have examined some of therecentardcurrent
science curriculum research and have suggested di-
rections In which curriculum research might go in
the future. There are some corollary p vblems
that I have omlitted. We will review these br'efly.

As elementary science educatlon moves from
fzlrly passive learning through books and exposition
to student manipulatlon and investigatlon, there will
be an Increaglrg need to provide supplles and equip-
ment for classrooms even as early as kindergarten.
The amount of money provided for science supplies
in most school systems is small. It will have to be
Inereased manyfold to accommoda‘e the new pro-
grams. It is impossible to do more than estimate
roughly what the cost of Introducling the new elemen-
tary programs would be. It appears that on the or-
der of $200 per classroom will te nveded to intro-
duce the new programs. To assist school systems
in planning for the introductlon of the new elementary
science programs, the AAAS CommisslononSclence
Education is jnst embarking on a study of the costs
of equipment and supplies. It is our expectation
that thls study will be completed shortly.

Classroom deslgn will also be influenced by the
new ccience currlcula. As a minimum for the early
grades, classtooms should have multlple electrical
outlets, running water, and level working areas, 1
have been surprised at the many classrooms I have
visited that have only a single clectrlcal outlet.

Although the rew junior-hlgh-school science cur-
sicula that are now under development are designed
to he used in classrooms withcut special laboratory
facilltfes, Ithink that inthe fui re junior-high-
school classrooms wili need to be providea with
laboratory space similar tothat found in senior high
schools.

A crucial problem ralsed by the new currlcula s
teacher tralning. As you ¥now, the senlor-hlygh-
school science teachers have been able toattend
summer Institutés to learn to use the new biology,
chemlstry, and plysics courses. A few lnstitutes
are now belng held for juntor-hign-school sclence
teacters. For the elementary schools the problem
is different both quantitatlvely and qualitatively. The
science programs for the earliest grades do not re-
quire that the teacher know a great deal of sclence
content, but they do require some teacher orienta-
tion. Up to now during the experlmental stage the
various curriculum groups have carried on this or-
fentation and tralning on an ad hoc basis. In the fu-
ture, as the programs are more widely used, schuol
systems must establish inservice tralning programs.
It would seem that high-school science teachers
might be used to stalf euch programs.

And then there is tne problem of preservice
training of teachers. Only one of the curriculun;
groups, ‘‘Minnemast, ' Is preparing college mate-
rial to traln progpective teachers to use the ‘‘Mlnn-
emast'’ materials. There i{s a group at Rensselaer
Polytechnic Instltute that Is designing a new course
in physical science for non-science majors with the
thought that thls course wlll better prepare new
teachers to use the new school science currlculs.

I said earlier that one of the importaat things
that happened as the curriculum groups organized
and developed thelr programs was that scientlsts
and teachers collaborated, each learning from and
educating the other. This cooperation has praduced
needed and significant changes In science curricula.
Changes which could not have been effectedby either
scientlsts alone or teachers alone. This coopera-
tion must, and I am sure, will, contlnue, Science
curriculum research is a cortlnulng activity,andthe
best minds in science and the best minds ineduca-
tlon must be devoted to .k
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s Curriculum Research and

Development in English

THIS PAPER is planned to present
selected ftems of recent recearch inthe teachlng of
English from a number of aspects. Together they
make up the body of information 2.4 expert oplnion
which will largely direct curricilum work in the
decades ahead. Although the goal of most English
teaching s to accomplish an integration of the com-
ponent parta of the subject, they are here presented
in divisicns to avold confuslon and overlap. One
area of research and study often associated withthe
English language arts is reading ags a skill. Itis
omitted from the survey because in the field of edu-
cation §t is considered separate from the language
arts. It has {.8 own courses, {tsownfacilities,and
a very extenslve body of regearch, only asmall por-
tion of which s related to the language arts. The
word ‘‘research’ has been interpreted broadly
enough to include mention of seminal books which,
if not in themselves research, have /nduced andwill
Induce research in the arers of their ireatmenta.

THE PROFESSION
OF ENGLISH TEACHING

In 1961 a committee of the Natlonal Council of
Teachers of English published a document entitled
The National Interest and the Teaching of English
with the sub-title A Report on the Status of the Pro-
fession, In three major parts this document studied
the preseat situation in the teaching of English, re-
lated the sltuation to the national scene, and made
analysas and studles leading to specific recommen-
dations for the improvement of the teaching of Eng-
lish by meeting recognized needs.

smmmn Robert . Pooley

The University of W isconsin
Madison, Wisconsin

The scope of the responsibility of Engiishlsdrain-~
atized by a bar chart revealing that of all high
school students in school lu 1960, 92. @ percent were
enrolied In English courses, 68 percent in s8ocial
sclencee, 55 percent 1 mathematics, and 25 percent
in frreign languages. A rurvey revealed that L, the
years 1858-1659 the demard fur trained high-school
teachers outran the supply by 27 percent. Expand-
ing school populations will increase thisratio.
Moreover, the expansion of knowledge 2nd the re-
quirements of a complex snciety will increaslagly
demand more technlcaltraining and knowledge on the
part of English teachers than was true i{n the past.
The single greatest weakness in the current situa-
tion is the lack of articulation in the teaching of Eng-
lish from the elementary school through college.

A summary of the highlights of the status report
follows:
The Need for Teachers of Engligh:

a. The shortag: of teachers shows no sign of
decreasing.

b. One-fourth of all elementary teachers are
not college graduates,

c. Only 40 to 60 percent of high=-school Eng-
1igh teachers have completed a college ma-
jor in English.

d. 1hbere is an acute shortage of college in-
structors In linguistics and composltion.

State Certification Laws:

a. States differ wideiy {n requirements.

b. Ten states certify elementary teachers
without a degree.

c. Nineteer statas have no stated requirement
in Engllish tor elementary teachers; twenty-
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one lack definite requirements In reading,
chlldrer’s literature, and English rethods.

d. Minimum jreparation in English for Eng-
lich teachers is sixteen to eighteen credit
hours.

Preparatlon of elementary teachers:

a More than 94 percent of the colleges fall
to require speclfic scudy ofthe English
language.

b. Less than half require a course Inthe teach:
ing of the Jangrage arts.

Preparation of secondary-school tcackersof Eng-

lish:

a, Only one-fourth of the colleges requ're a
course In the history of the English lang-
uzge,

¥. Only 17 percent require a course in Modern
Engifsh Grammar.

c. Only 41 percent require a course in ad-

vanced composition,

. Ouly silghtly more than half the colleges
rejuire a course in the methode ol teaching
English.

Better Teaching Condltions:

Teachers with a student load of 150 {five sec-
tions of thirty students) must work rcore
than 50 hours a week just meeting classes
and marking papers. (In 529 out of 682
schools, Engllsh teachers had five classes, )

Lilraries:

a, 10,000,000 elementary, and zbout 150, 000
high-school students attend schools lacking
a central llbrary.

b. The average expenditure for books per stu-
dent is about half tie price of oneaverage
book.

Reraedial Engiish in Colleges:

a. An estimated 150, 000 studentsfalled college
English tests In 1860,

b, Two-thirds of Amerlcan colleges have to
offer remedlal work In English,

c. The cost of remedial instri-ticn is eati-
mated to be over ten mlllion dollars,

.

A contlnuatlon of the research into the status of
the teaching of English was carrled on by acommilt-
Llee of the National Council of Teachers of English
and published in 1864 under the title The Natioral
Interest and the Continuin~ Education of Teachers
of English. The princlpal purpose of this investiga -
tlon wzs to discover and reveal the need for Inserv-
ice education of teachers concerned with Engiish In
elementary and secondary schools. Questionnaires
were answered by 7, 417 secondary- sclool English
teachers and by 3,030 elementary- school teachers.

Some high'ights of the analysis are:

1. Over 40 percent of the ratlon's elementary
teachers began full-timo teaching without a
degree. Only 31 percent of these achieved the
degree after beginning teaching.

2. More than one in ten high-school teachers
(11. 8 percent) began full-time teaching w ith-
out a degree. Practically all of these earned
a degree later.

3. Although 24 percent of Instructional time In
kindergarten through grade 12 is givento Eng-
lish and language arts, only 8 percent of the
elementary teachers’ college preparation 18
given to tais s'ibject.
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4. About half (49. 5 percent) of secondary teach-
ers teaching Engl'sh lack a major in this sub-
ject.

§. By their cwn admisslon only 51. 8 percent of
secondary-school English teichers feel com-
petent In literature; 36. 8 percent feel compe-
tent in composition, and 53, 5 percentfeelcom-
vetent to teach the Englirh langunge,

8. In voluntary continulng educatiyn, elementary
teachers take one summer gession for each
eight years of experlence. But the courses
taken are largely in education, with little or
no further educatlon in the language arts,

7. Thirty percent of recondary teachers of Eng-
1lsh have not taken a course in English in more
than ten years,

8. Interest ir further educatlon for elementary
teachers was expressed [or six aréas: chil-
dren’s lilcrature, language, sp:ech, writing,
general literature, and the 12rge st nulaber,
78. ) percent In reading.

8. Secondary teachers expressed Interest in fur-
ther experience in practical methods of teach-
ing English: intermedlate or advanced compo-
sltion, literature for adolescersi:, teaching uof
reading, literary criticism, and structural
and/or generative grammar.

The broad conclusion 18 overwhelm’ng evidence
of inadequate tralning with a clear need for means
to make inservice further education avatlable to
nearly all teachers of the Erglish languzge arts.

Two books of Importance to the whole professlon
of the teachl..g on Englich appeared In 1863and 1065
respectively. The Education of Teachers of English
{Grommer., 186 ig Volume V of a cursriculum se -
ries of the National Councll of Teachers of English,
Written by a committee rcpresenilog elementary-
school, high-school, and college English teaching,
it analyzes facts, lmplicatlons, and Inferences In
such matters as the liberal education of teachers,
the professional education of Engllsh teachers, and
the specific preparation in English itself. It con-
firms the conclusions reached In other studies that
elc  »ntary-school teachers are very poorly pre-
pared to teach English; that the preparation of high-
schoo! teachero 18 subject to wide var lations and
some serious omisslons; and that college teachers,
though perhaps well grounded in content, are often
innocert of any preparation to teach. Much space
is devoted to recommendations and procedures for
the contirulng education of teachersby means nf saum-
mer sessions, Institutes, evening classes, and usee
of mass media.

The second broad area book {8 Freedom and Dis-
cipline in English, a report of the Commisaion on
English of the College Entrance Examination Board
(1965). The Commlsslon on English was appointed
In September 1859, Consisting of sixteen members
from nniversitles, colleges, and private schools, it
undertook to definy the field of English, and to et
standards for Instruction in English and in the prep-
aratlon of teachers fo: English. In 1962 it eponsored
and suppo.ted twenty institutes attended by 868 teach-
era in all parts of the United States. Itcommisg-
glonedand issueda series of kinescopes featuring ex-
perienced college teachers of Engllsh expounding
their speclaltias. These kinescopes are lentfree of
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charge except for malling costs. The vollime Free-
dom and Disclpline in English s the {lnal report of
the Commission.

Chief contributlons to the curriculuin are:

1. Recommendations to improve the quality of
instruction,

2. An analysis of language teaching, Including
grammar and usage.

3. An analysis of literature teaching, emphasiz-
Ing the critlcal process in teaching and study-
Ing literature.

4. Ar analysis of composition, Including valua-
ble suggestlons for m. *‘vating writing, and for
the correctlon, criticism, and measurement
of writing sklll.

Without essential conflict in fundamental matters,
It may be stated that, in general, the publicaticns
of the Natfonal Councll of Teachers of English tend
to be experimental and progresslve in outlook, and
that the pelnt of view of the Commission on English
is conservative. To the curricuium dire:tor there
is great value i% the balance tobe derfved from
these differing viewpoints.

RESEARCH IN THE
TEACHING OF LITERATURE

Although most of the studies in llterature deal
with ldeas and values rather than with coi.trolled
evaluation, some receat studles reveal effective
techniques for measuring the success of students in
the learning of kinds of literary muterials. Squire
{1963) studled the responses of adolescent readers
to four short stories, establishing tkeir responges
as forming seven categories: I, Literary Judg-
r=2nts: Direct or implled judgments on the story as
71 artistic work; II. Interpretational Responses:
Reactions Ir which the reader generaiizes and at-
tempts to discover meaning, motlvallon, and the na-
tuie of the charzcters; III. Narrational Responses:
Reportiag facts or details from the story without in-
terpretation; IV, Asegiclational Responses: Re-
sponses in which the reader associates 1deas,
events, places, or people with his own experience;
V. Sek-invoivement: Responses in which the read-
er agsociates himsel! with the behavior and/or emo-
tions of tte characters; VI. Prescriptive Judgments:
Raspenses In which the reader prescrlbes a course
of actlon based on some ebsolute standard; VII. Mis-
cellaneous Responses: all others.

Wilson (1966) reports the resporses of college
freshmen to the reading of three novels: The Catch-
er in the Rye (Salinger), The Grapes of Wrath

teinbeck), and A Farewell to Arms (Hemingway).
Fifty-fcur freshman English students read a novel,
took notes while reading, 2ad wrote immediate re-
actions In clh88. After three discussion periods
they wrote follow-up reactions. This procedure was
followed for each of the three novels.

The written responses were coded by means of
Squire’s (1983) categorica. Statlstical aralysis
showed that 65. 8 percent of responses to the three
novels were iaterpretational; 12. 2 percent literary
Eudﬁmﬂnt' solf involvement, 8, 9 percent; narration-

rcent; assoclationat tionnl 2.1 percént; pre-
acrlglv l 3 percent; mlacellaneous 1.3 percent.

The lead of interpretation over literary judgment i«
s slgn of maturlty of perception; [t suggests that
teackers glould avold supplying ‘‘corsect’’ inlerpre-
tations before the book Is read by the student. The
study reveals that although students may begin their
fnvolvement with literature In a groplng and emotfon-
al fashlon, their later attempts at interpretation be-
come sharply formulated and logleal, Teachers
should therefore refra’n fron) demanding that first
reactions be fully described o: defended. But as the
study of the novel moves into the grappling with dif-
flculties, the lastructor should demand expert anal-
ysis. Most students are capable af growth of inter-
pretatlon by thes® means. '

The Research Foundation of the National Council
of Teachers of Erglich Is sponsoring. directing, and
supportleg research In children’s growth in sensitiv-
ity to, and appreciation of lMterature, Startlag with
a natlonal corference of eleiientary- school, high-
school, and college speclallsts in iiterature assem-
bled in Chlcago in May 1863, the Foundation applled
itself to research in the teaching of literature be-
cause so little is being done. Itwassoondiscorered
that there were no {~struments available to measure
any aspect of success in children’s growth in lltera-
ture. The Fourdatlon then determined to try to cre-
ate such tests, both as research In ltself, and asthe
means to further studies. Followlng consultations
wlth various authoritles, tiie Foundation appeinied
Margat et Early of Syracuse Unlversity the Director
of the test activity and approprlated funds in lts sup-~
port. Inthe summer of 1865, Early assemblea at
Champaign, Illinois, some twenty-five s2lected
teachere and llbrarians to develop test items. rrom
the materials produced by tnls group, and augmented
by Early’s advlsors, fcur forms of a test have been
developed by cooperatlve work with the E¢ucational
Testing Service oi Princeton, New Jersey. A trial
run was made of these forms Inthe spring of 1967 at
elementary schools in grade 5 In ocationa covering
the United States. From the statistical study of the
returns It is evpected that two flnal forms of the test
will be developed.

The goal Is to attempt to discover growth Inthe
responses of chlldrer to terary experiences. The
range is from grade 4 to grade 6, Inclusive. Al-
though 1t will ve a pen and pager test, many of the
Items wlll e presented orally on tapes. If the test
reveals measurable growth In respcnses to liter a-
ture, the recearch will continue in two directlons:
4} to measure the effectiveness of kinds of instruc-
tion on the llterary growth of chlldren; and (2) to
creale similar teets for junior-high schnolsand pos-
slbly senior-high echools.

RESEARCH IN THE
TEACHING OF COMPOSITION

One of the most exhaustlve researches of recent
times was conducted by Richard Braddeck, Rlchard
Lloyd Jones, 2nd Lowe!l Schoer of the Universlty
of Jowa and p:bllshed in 1863 by the NCTE under the
title Research in Writien Composltion. It undertook
to assess all known research Incomposition thut
could be described as ‘’scientific.”’ From twenty
bibliographies of research came over a thousand ci-
tations; committee analysis reduced these {o 485
items. Fromconsultationwith seventeen authorities
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this number was reduced t» aboutone hundredtitles;
later some flily other lltles were added. Afuar vig-
orous analysls, only flve studles survived the crite-
ria set up by the Investigaturs. These tive only, In
the eyes of the Investigaicrs, can be termed valid

In the teaching of composltion.

1. The Baxton study revealed that thorough crit-
lelsm of composlition by a competent reader, fol-
lowed by revislon by the siadentbroughtbetter galns
than writing not eritlclzed.

2. The Harrls sludy showed in & 2-year space
that the direct (or functional) teaching of grammar
brought better results than the formal, analytical
method.

3. The Kincald study undertook (o reveal whether
a single paper written by a student on a given toplc
at a partlcular time provided a valid means tojudge
a student's wrlling abllity. Jolned to this question
were several others, sothat clear answers were
almost Impossible to secure because of weakness In
the structure of the research.

4. The Smith study dealt with class sizeasafac-
tor in the teaching of writing. ltrevealed thata
large class of superfor rinth-grade students can
pregress in composition as well as a small class.

5. The Becker study compared three methods of
teaching, described as noimal. bibllographie, and
kincscope methods. The so-ctalled normal mellod
wnhsefound to have a stight ruperlor ity over the
others.

The conclusion of the Braddock Investigalions is
that of the more than a thousand Ite ms orliginally
noted, only these five may be considered to yleld
valid answers frem sound rese reh.

In a review of the Braddock report InCollege
English, Jean Hagstrom (1964) analyzes the re-
search methods employed in these flve researches,
and concludes, '‘It is theretore extremely disheart-
ening to say that 1) none of them strikes a layman
an definitive or percuasive, and 2) thereisvery lit-
tle promlse that without rigorous antecedentthought,
the *sc¢lentific’ method applied te composition w111
yiel bett~r results in the future than it ha s in the
past. '’ He urges antecedent thought on such tasie
problems as: How do you lind a sudjeci? Howdo
you clothe it In appropriate style? Bov d, you give
it effective organizaticn?

Tte Research Fou-dation of the Natfoaal Couneil
ol Teachers of Ernglish planned & 1967 conferesce of
speslalists ir. # number of !ields to attempt to Men-
tify tive furdamentals of compos ition.

Current retearch ir. compeaition has taken an In-
teresting and profitable direction §n applying statls -
tical procedures to rhetoric, Kellogg W. Hunt
(19652, 1965d) collected large samples of students®
writing at grades 4, 8, and 12. These w:re tubjec-
ted to strectural analysis to attempt to deseribe the
differerces In sentence sirocture as studen's mature,
As a tool of aralysis Bunt developed what he called
the “'T-unit'’: a group of words minimal in length,
each terminated grammatically betweena capital

letter and a perlod. This unit has the advantage of

preserving all of the subordlnation achlevedby a stu-
dent, and all of his coordination between words and

phrases and suhordinate clauses.

His findings, very much condensed, are shown

In Yable 1. This table reveals that the most slgnif-
fcant mark of maturlty in writing is not senlence

length in itself, but the Increase of length of the T-
units. When superior adults writing for Harpers
and the Atlantic Monthlv were analyzed by the same
means, the length of their T- unlls increased by 40

percent over the {welfth graders’, anincrease equal
to the gain of twelfth graders over fourth graders.
Twelfth-grade students came close to the profes-
sfonals in the number of clauses they use; the

growth among professionals 1s inthe Increased num-
ber of words per clause. These resulis glveaclear
indleation of the factors to be studled and taught in

the improvemesi.t of sentence structure.

Franc!s Chrisivnsen {1663b) counted senterce
openers to previde objectlve knowledge of how pro-
tesslonale vegln sentences. High- schoolandcollege
composlition teachers have generally encouraged a
wide varlety of sentence openeis, Including prepo-
sltional phrases of all types, purticiplal phrases,
gerund phrases, absolut2 constructions, and sen-
tence Inversions. Crne writer says, “When a stu-
derit opens a sentence with an Infinitive phrase or a
past participle. we Immediately stamp himas meee
mature..."”’

Christensen analyzed twenty recent or contempo-
rary writers - ten of narrative and tenof expository
writing ~ to determine by what constructions they
open semtences. The lintings are In direct oppos!-
tion to the traditional teaching: the professionals
place something before the subject in only a foirth
of their sentences (24, 47 percent); that ls, over 75
percent of thelr sentences begin with the subject.
Ot those opening by something cther than the sub-
ject 23 percent of the total sentences open with ad-
verbial modiflers, 1. 17 percent use verbal groups,
and the Inverted structure appears inonly one of
every three hundred sentunces (0. 32 percent ol the
total gentences). The excesslive use of verbalgroup-
ings as opentd's produces a style s hich Christensen
calls ““prettel prose'’; that is, twisted senc*nces,
He concludes: *'The good teacher should not only
base h's teaching on the practiceof professional
writers, but should himself practice belorehe
preaches,

in anorher study Chrlstensen (19332) develops
what he 2xlis *A Genarative Rhetorsc 0f the Sen-
tence.'' He preconts a scheme forthe purpose
of *‘tuckling down to the hard work of making a dif-
ference In the student's understanding & manipu-
lstion of language.” From hisown analysis and
that of others he draws four prisciples underlying
the rhetoric of the sentence:
1. Com.position {8 essentially a process of addi-
tion.
2. The cumulative centence requires direction
of modification or direclicn of movement.
3. Addltions are made in levels of generality or
levels of abstraction,
§. Density of testure tsachieved by 184ing frequent-
Iy ard mochto nouny, verbs, and main clauses,
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TABLE 1
MARK OF MATURITY IN WRITING

Average length Ratio ol Average length Ratlo of Average

of clauses clauses per of T-unlts T-units per tength of
T-unlt centence sentences
Graded 6 6 words 1.30 8.8 words 1.6 13. 5 words
71 percent 17 percent 60 percent 137 percent 80 percent
Grade 8 8.1 words 1,42 11.5 words 1.7 15. § words
94 percent 85 percent 80 percent 137 percent 04 percent
Grade 12 &, 6 worda i.68 14. 4 1. 17 18, ¢ words

100 percent 100 percent 100 percent 100 percent

100 percent

Using visual analysis Christensen shows how sen-
tences are bullt (or generated) by the procesa of co-
ordination (sddition of parallel elements), by subor-
dination, laddition of levels of modification) or by &
combination of coordination and aubordination, Ines-
sence Christensen recommenda and demonstrates
the superiority of the cumulalive sentence over the
complex sentence. His tachnijuecfanalysls can en -
rlch the study of literature as well an develop ma-
ture writing.

Two yeara later Christensen extended his theoty
of the sentence (o the study of the paragraph. Using
a parallel title ‘“A Generative Rheloric of the Para-
graph'’ (Christensen, 1065), he shows that the pein-
ciples of analysla he developed for sentences apply
with equal cogency to the paragraph; thal is, para-
graphs ate ereated by addition, involving coordina-
tion of elements, subordination of elements, or com-
binstions of the two. As wellaa addition, there
must be 8130 direction of movement; there wili be
levels of abstraction, and varying deneity of teature,
In apply ing these peinciples be formulated them un-
der nine headings, a few of which are:

1. The paragraph may be deflned as a seqience

of structurally related sententes.

2. The top sentence of the sequenct la the topie

sentence,

4. Simple sequences are of two sorts: coordl-

nate and subordinate.

8. Some paragraphs have no top, ho tople, aen-

tente.
The nine headings are developed by exposikion and
litostration. The conclusion to be drawn Isthat the
paragraph may be studied and tangh asihe gentexce
fa studied and laught by Christensen.

A. L. Becker (198%) ofters & differerd analysisof
the paragraph under Ihe title "A Tagmemic Ap-
proach to Parsgraph Analysis. '’ A Tsgmeme lade-
fired 29 the shortest gram matical wnit; Becker calls
them spols or slots 1n & system where subatitution
is N"ltbk' They are te;mpmun of lorm and fune-
tiot. Limiting bs analysisioexpository raphs,
Becker finds two tundamental ut‘nm;. 'Kﬂ "r:als
haa three fanctional alots which he ladels T &ophe),

R {restrictions), and 1 (illustration;. Thege elots

correspond to three levels of generality in pars-
graphs {cf. Choisteasen) and reflect anatural way of
talking or writing about something.

The second major paitern has two siots labeled P
{problem) and 8 {sclution). The P maybe aquestion
or an assertion; the 8 is (he answer or respun e
Where the 8§ I3 extended, it tends to follow b2 TRI
structure, The majority of expository paragraphs
fall Into these two hesle patterns.

Varfations In the patterns are caused by deletion,
reordering, additicn, and combinstion. The [ormal
markers of Internal lagmemic structurearegraphlc
(indentation), lexical (equivalence classes and lexi-
cal transitions), grammatical (changes in the gram-
matical role of equivalence classes signal new siots

or new paragraphs), and phonological (shifts In pitch,
reglater, tempo, and volume In oral resding).

Thia analysis makes possible the partitioning of
paragraphs in a consistent and prediciable way.

The accurate and lmpartial evalvation of compo-
sitlon 13 one of the major problems of Englishteach-
ing. Paul Diederich (19£8) made a study of the fa2-
tor s that account for differences In the grades of
quilifled readers. Three hundred papers on two
subjects were read Uy sixty distinguished readers
repreaenting alx different flelds: English, social
studies, natural p¢lence, wrilers 4xd editors, law-
yers, and business executives. By comparison cf
the ratirge of three readera who stood highest In a
patticelar f24tor with three who stood lowest In the
same fxctor, It was possidle to1solale indlvential
factora. 1nall, 11,018 cornmenta on 3,857 papers
were tabulated.

The factora revealed stood Inthis order of fre-
quency: ideas, mechanics, orgunization, wording,
syle ct “'flavor.'” For experimentation Ia high
achools, these were divided Iato \wo grovps: L Gen-
eral Merit (ideas, organitation, wording, and {la-
vori; 1L Mechanica {usage, tentence piructute, punt-
tedtion, capitals, sbbreviations, apelling, hand-
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TABLE 2
DISTRIBUTION OF RATINGS

Non-Academlc (N = 476)

Grade 10 (145) 11 (167) 12

High 5 percent 8 percent 9 percent
Middle 34 percent 53 percent 63 percent
Low 6] percent 39 percent 28 percent

wrlting, neatness). A rating card was ceveloped
for tbe use of evaluators. A close following of the
techniques developed by Diederich, with a year of
practice for a faculty, should yield & reliability of
the cumulative total for each student close to . 90.

In the same article Diederich {1966) develops an
elaborate but (sactlcal procedure for the rating of
large numbers of papers. By a process of sorling
and grouping of anonymous papers of combined grade
groups, such as grades 10, 11, and 12, the process
results in precentage figures for selected groups
ilke Non- Academic and Academic with significant
differences for High, Middle, and Low ineachgroup,
ari A recognizabie growth figure from grade 10to
grade 12. This extract (see Table 2) from a senlor-
high population will 1llustrate the distributionot
ralings,

In (h's lower ability group the progress in the
highest level is slight bul observable. 4 percent.
The progress in the middle level 18 striking: from
34 parcent to 63 percent: the reduction in the low
grouvp is equaily striking: from 6i percentto 2¢ per-
cent. The figures from the Acsdemic group show
great advances in the high and middle level. This
ptocedvre demonstraics to teachers, administrators,
and parents a positive progreasion of improvemeat
not detaonstrable by customary paper-grading
peocesses,

RESEARCH ™
LANGUAGE LEARNING

Ruth Strickland (1961) undertock to analyte the
strocture of children’s oral language In the first
through the sixth grades, to compate it with the
siructure of language found In the texts designed to
teach children to read, and to discovet, at aelected
grade levels, the influence of any ostensidle differ-
ences In the quality of chiddren’s reading skill. A
major hypoihesis was that a sludy of ¢hildren’s
speech might offer suggestions for the construction
of better textdbooks in reading.

In the emalysis of struclure, twenty-five consee-
utive sentences recorded on tapes were used as the
language sample for each child, A special scheme
was devised for the analysis of the age at two
fevels. Level One was divided into “slaAs’’ ot sla-
tionary elemenis, and ‘‘moveadbles,”’ or elementa
which can appear in differeat positions. Level Two

was concerned with the types of subordinations or
¢'gatellltes’’ used in the fixed slots and the move-
ables. This structure analysls i{s an important con-
tributlon of the of the study. Tabulations from this
analysls were programmed to computers Lo relate
the frequencies to the variables of age, sex, intelll-

gence, soclo-economic status, and parent education.

It was found that many similar patterns werc used
with great frequency by children of every grade. It
w24 also noted that children of ull levelsused a wide
range of language patterns, and could elaborate and
expand sentences by the use of moveablesand sub-
ordinate elements.

In the comparison of children's language with that
of textbooks In reading, four sets of widely used
textbooks were analyzed for language patterns. The
patterns used by children and by texts at relevant
grade levels were studled. No scheme for control
over sentence structure to parallel that over vocab-
ulary ceemed to exist. This raises the question:
Can knowledge of the structures used by children be
used to devise textbooks controlling the difficulty nf
reading?

A study of the relationship between children's
use of language and the skill they demonstrate in
learalng to read in grade 8 revealed that children
renking high In the variable elements made more
use of the common oral structural patterns than did
children ranking low; the san.e ckildren also made
greater use of movesbles and elements of subordi-
natlon than did children ranking low. Among the
conclusions to be drawn are these:

a. Children's command of language patterns I s
much broader than is generally reallzed.

b. There 18 almost no relationship between chil-
dren’s oral patterns and the patterasof struc-
ture In reading texts,

¢. Children can be hLelped to recognize the pat-
terns of excression and by this means be
aided to vdvance in reading andinthe learning
of grammar and usa ¢,

Walter Loban, of the University of California,te-
gan in 1952 a longitudinal study of children's growth
in language which continued for eleven years. His
repott The La ¢ of Elementary School Children
{Loban, 1983) covers the [irst seven years, the ele-
mentary school level. From the Oakland, Califor-
nla schools 338 subjects were chosen at kindergar-
ten level and were observed and tested inthe follow:
ing years. Rems especially siudied were: their vo-
cabulary, thelr use of oral and written ianguage,
thelr proficienty In raading and listening, teathera’
judgments of their ekill with langurge, and dack-
greund Information on their health and hotaes,

Loban developed what he calls *‘Lie communica-
tion unit’’ in analyzing chiddren's speech. R maybe
delined o8 a group of words which tannct be further
divided without the Joss of thelr essential meaning.
Anotler term he developed is *'the maze,’ aseries
of words or initial parts of words which do not add
up to meaningful communication. Language sam -
plos recorded on disks andtapes provided the
source materials. Two sub-groups, one exceplion.
ally hgh and one exceptioatlly low in language abil-
fty, were Mentified,
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A large number of specific findings have been
summarized In the published report as foliows:

During the first seven years ol schooling, chil-

dren speak more words In each succeedling year,

produce more communication unlts, and Increase
the average nuniber of words in those units,

Chlldren rated as s¥llltul ln language reduceboth
the'r Incidence of mazes and the number of words
per maze.

Not pattern, but what {8 done to achieve flexIbil-
ity within the pattern proves to be a measure of ef-
fectlveness and control of language at this level of
language development.

Chlldren who are rated as most proficleat in lang-
uage are also those who manifest the most sensltiv-
ity to the conventions of language.

Those high In general language abllity are also
high in re«ding abillty. « .Writing ability {s related
to sockoecono mic posstion. « + The highest correla-
tion In the study is between vocabulary and intelli-
gence. + + A low but positive relation exists between
health and language proficlency . » - Competence In
the spoken language appears to be basie for compe-
tence In reading and writing.

An important aspect of language learning In chil-
dren Is thelr ability to learn and use standard Eng-
l1sh. Loban In Problems In Oral Engiish (1956)
stales that for most children 8 command of standard
English is necessary, for **soclety exacts penaities
of individuals who do not possess It. '’ In continulng
his longitudinal study of children’s language, Loban
here examines examples of nonstandard oral usage
among four dliferent groupsol schocl children from
kindergarten through grade 9. Hischtel indings
hare been summarized thus:

In ten years of schooling, pupils from homes In
which class dlalect {8 used make almost no imprave-
ment in :sing the verblobe appropriatelyorin
standardized verb forms.

The practize, £0 common among weaker teach:
ers, of driillng all puplls on the same gkill is not
supported by this research. Individual pupils, tat
not whole classes of pupils, will need help U they
are to use (he standard forms of irregular verdbs,

A9 the comaplexity of sentente strwcture and tatal
volutne >t spoken language both Inctease, there isa
more than proporiiona) peobabllity of difficulty with

. problems of clazity and peecision, not problems
o( ‘Tabitval nsage.

Almost all the pupils whose parents speak infot-
mal standard English have little need of driil o,
usage,

Oral drill s more elfective than workbook drills,

THE EMERCGANE CRAMMARS
AND DALECT STWOY
In the last (Wteen years a (andamertal tenet of
Engltsh teaching, namely, thet there is pne gram-
mat of Engitsh to te learned and tangt, Msbeen

blasted by the development of at leasttwoother sys=
tems of English grummar and the reasonable expec-
tancy of others to follow. It 18 no longer accurate
to speak of the grammar of English except in refer-
ence to the complete operation of the English lang-
uage. We now have several grammars, each & sys-
tem to describe how the English language works,or
mor¢ specifically, how English make s sentences.
The traditional system was developed grinclpally in
the eighteenth century by scholars whose grammat-
ical disclplines were derlved from Latln and Greek.
Traditional grammar, therciore, was developed to
make Einglish conform .to structural ?tlnclplec of
Latln and Greek. Aside from certaln classical bi-
ases, and lack of then undeveloped lingulstic prin-~
ciples, it is & system of analya!sof Englishof great
value in the past and is by no means obsoleteat pres-
ent, uniess viewed as the grammar of English.

In 1952 C. C. Frles Introduced structural gram-
mar. He was chief among a number of scholars
working along parallel 1ines. Thc conlribution of
structural grammar (8 accurate description: 1t 1s
concerned with the detalled elements of a language,
Its sounds, word units, Inflections, and syntax. In
the latter, analysis ls conducted on the basis of im-
mediate constituents as operating ir modification,
peedication, complementation, and subordination.
Structural grammar has greatly eariched knowledge
about the elements of Englishand the manner in
which they are comblned to express meaning.

Noam Chomsky (1957) of MIT brought out in pub-
lished form a new approach to grammar under the
title Syntactic Structures. Somewhat modifledbyre-
viglons, this newest of grammatical theories has
great promlse for the future. Generally called gen-
erative-transformationa’ grammar, it is a system
which attempts to state the ‘‘rules’’ which generate
all English sentences and only English sentences. It
assumes that we have in us a mechanism for using
these taws wh'ch we galn from intuilion. We are
therefore able to generate sentences that have never
been uttered befcie. The analysis begins withker-
nel sentences, simple declarative sentences without
devilopment. From these kernels other senterces
are derived by means of rules for transformations,
rules which charge or develon kernel sertences con-
talning phrase structures which are grammatical
parts of a grammatical sentence. The goalof this
new grammar Is to state the rules that will make the
pecduction of sentences predictadle.

Applications of structural and transiormational
grammar [>e clagsroom purposes are developed by
Ow:sn Thomas (1965) and Paul Roberts (1984). The
for mer develops the transformational systemineasy
stages for the English teacher to understand ard uti-
lize the processes of generative-transiormational
grammar in the Instruction of studems. The latter
presents a set of programmed lessons for self-in-
struction ir the new grammar. N. 8. Blount (Blount
and Johnson, 1968) of Madison, Wisconsin, has cre-
ated a similar programmed series of lessons adapt-
ed to the eighth grade.

The following curriculum qoestion atises: “What
happens to students who are taueM the structure of
English by generative-transformational processes?’”
Bateman and 24doris (1068) offer a tentalive answae
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as the result of an experiment withninth-and tenth-
grade students. Using equivalent experimental and
control groups, they taught the former by transfor-
mational techniques and the latter by traditional
techniques. A valid sampling of free writing of
each student was collected at the beginning and end
of the instruclion. The analysis of these writings
by the Hunt (1965b) process revealed thatthe exper-
imental group wrote better sentcnces ol more so-
phisticated structure than did the control group. A
parallel experiment is now under way at Manitowoc,
Wisconsin, under the leadership of N. §. Blount of
The Unlversity of Wisconsln, Madison,

A Dictlonary of American Regional English is iu
progress, centered at The University of Wisconsin
and directed by F. Q. Casslay of the Departmentof
English (1666). Such a dictlonary has been planned
for over seventy-flve years, and active collecting
has been going on since 1889, Now under a §-year
contract with the U, 8. Office of Educationthe work
is progreasing rapldly. Collections of data for six
states, Including Wisconsin are completed; six
inore are partlally completed, Work of a similar
nature 18 well under way In eleven more states,
Mang of the field workers live and work in **Word
Wagons, ' speclally equippcd small buses contain-
ing the essentials of llving quarters and apparatus
for fleld collection.

Data are assembled, classified, and placed in a
computer flle at Madison. Collectors record speech;
readers analyee regional literature and local news-
papers. The effort is to secure complete coverage
of the words and expressions used differcntly invar-
jous areas of the United States.

Curriculum applications of this study have yet to
be worked ou?, but they will Include 1) greater and
more precise knowledge of American dlalects; 2) a
classification of usage levels and standards; and J)
new attitudes toward local and reglonal language
variatione.

WISCONSIN ENGLISH
CURRICALUM ACTIVITY

By means of a Federal comract initiated in May,
1983, the State of Wisconsin has been served by the
Wisconsin-English- Language-Arts Curriculum Pro-
ject, jolintly sponsored by The University of Wiscon-
sin and the Department of Public Instruction. By
means of two series of bulletins, conlerences, con-
ventions, and personal school visits, more than
5,000 elementary- schoot and high-school Englich
teachere have been involved, many very actlively.
The pecject is, in fact, a statewidein-service train-
ing program In the English larguage arts. The aim
Is to encourage teachers to think, confer, discuss,
and write about the curriculum in English. They
have responded magnificantly. Over 3,000 builetins
g0 out each month; in the larger cities these are
duplicated and distr uted to additional numbera of
teachers. By means of the reports of groupleaders
the project director is informed of the number of
teachers who are meeling, the grade levels they
represent, and their views on the issues that are
raised.

In the summer of 19¢4 a selected group of teach-
ers repeesenting all school levels met to produce a

curriculum in the teachirg of literature ~ a cumula-
tive growth pattern from the kindergartenthrough
grade 12. After some months of revisions andedit-
ing, thiswas published In January of 1965 as Teaching
Literature in Wisconsin, a paper-bound volume of

160 pages. Nearly 5,000 copies were distribuled
free In Wisconsin; it Is eatimated that the total dis-
tribution, including sales at cost, is aboul 17,000
coples.

By a simlilar process inthe summer of 1065 a
new group of selected teachers prepared the male-
rials for the volume Teaching Speaking and Writing
In Wisconsin (1666). Ovex i,ﬁ% coples were dis-
trsbuted free; alarge number have been s0ld at cost.

Again In the summer of 1066 Iwo curriculum con-
ferences were held, the [lrst composedoften selec-
ted college or university teachers who used their
linguistic knowledge and expurlence in the teaching
of English to plan the lunguage curriculum, This
w28 followed by agroup of teachers representing el
ementary, jurior high school, and senior high school
levels which was to workouta continuumof language
learning from kindergarten throagh grade 12, The
result of this creatlve work and subsequent editing
was issued in February of 1967under thetitle Teach-
ing the English Language in Wisconsin. Featured
In this volume are:

1. Alinguistic approach to grammar, utillzing
simple apgrlications of structuraland transtor-
mational grammar to the language learning of
children ard ycuth,

2. A program that [s sequentlal and non -repeti-
tive.

3. A grammar that provides for more sophistl-
cated sentence analysis at the time students
need it.

4. An enrlchment of the language program by the
inctuston of word-study, semantics, and the
history of the English language.

The three curriculum volumes listed above are
iss.ed in experimental editions, They were thor-
oughly revised in the light of experlencentheclass-
rocm and reissued in the Speing of 1968 as one vol-
ume entitled English- Language+- Artls In Wis-
consin
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memm Rosearch in Reading'

s Wayne Otto and Thomas (. Barrett

THE COMMITTEE for Research in
Basic Skills has opent a number of ycar s Invest:-
gating problems of teaching and tearning funds men-
tal skills in the elementary grades. Generally, the
Comumittee has chosen to be extensive in lta ap-
proach, investigating many dimensionaof a glven
T oblem. As a reeult, there have been s series of
studies within broad problem areas.

The peesent .nvestigation grew outof a recurting
concern for pupils’ developmentof flexibility in per-
formance In the basic skill areas. In a project en-
titled ' The Derception of Symbols in Skt1]l Learn-
ing,”’ Herrick, Hatrls, and Rarlck (1961)estad-
lished the imporiance of the development of variablil-
ity rather than rigidity In motor-speed sets of hand-
writing. The awthore. pointed cut that thelr findings

might well have Impdlealions for other arean of
skills development, The questionof tlextbility arose
again in two stodies (Harris and Rarick, 1057; Rer-
rick and Otto, 1£41) of tik handwriting act. One im-
ptication of thase studies wasthat elficiency Ina
skill such as handweiting doed rot seem o be 2880
clated with the development of a fixed level of pres-
sure bat rather with the abllity to control pressure
within given limits. Another study by Otto (1961) In-
dicated that among good readers In the elementary
gradea responsivene s to avditory, visua), kines-
thetle, and tombdined presentations of stimuli varies
sceording to grade revel and type of reinforcement.
The variance, bowerer, was not siwaya Inthedires-
tion expected, which suggesia that one effect of the
instruttionsl program may be the develop-
mem of perceptual sels in reading,

Tha University of Wisconsin
Madison, Wisconsin

mesmam Theodore 1. Harrls

Univertity of Puget Sound
Tocoma, Woshington

These studies led the Commitice to the U, 8 Of-
fice of Education Project No. 1758, “The Experl-
mental Development of Variability In Rate of Read-
ing in the tntermediate Grades'’ (Harrls, Herrlek,
Macdonald, and Rarick, 10685). The results of the
study showed that fourth-grade good readers who re-
ceived 8 2-week training programdeveloped substan-
tial abllity to vary thelr speed when reading for did-
ferent purposes. In the tralning program the chil-
dren were given a) a brief introductiontothreetypes
of reading purposea ~ reading for the main idea,
reading to lind 8 speciic fact, and reaaing to follow
the sequence of ideas, b) short testing and tralning
fassages caretelly constructed astounity, coher-
ency, emphasis, and approptiate content and diff 4«
culy level, ¢} separate selectiona for narrative and
expository style, and d) testing to a criterion of tell
comprehension of each specliled prpose, SpoeMi-
cally, the children were shbown to a) possess ahither-
to unreported abllity to adjunt signdicantly their
veading speeds very quickly to thelr purposes for
reading; b) aker aignificantly thelr pailern of rend-
ing speed relative to reading purposea and to mala-
tain a significant spread in speed- purpose vatladil-
ity while increating thelr reading speeds for eseh
purpose approximately 40 percent, with further
gains wpon retention tests two weeks siter tralning;
¢) sdjust thelr readi:g speeda to reading purposes
sign¥icanly different according to pasaage siyle
and to a certain extent according 1o sex; d) and dis-
play the greatest improvemeat inreading for the
main ides and speciiic fact. The resalts of Project
1755 also showed that a) chiMdren ol comparsbie
reading AbUfty Ia the {Hih and stxth grades htve
0o mote variabllity or spread intheir reading speeds
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according lo reading purposesthandofourthgraders;
b) children, by their own dally ratings, greatly en-
joyed the 2-week training period which was largely
self-Instructional in nature;¢) during the short
training period, children becanie significantly more
realistic In predicting their reading speeds when
asked to read for sequence of ideus, but not for
maln idea or specific fact; and d) ne untoward evi-
dences of tension were found to be associated with
reading the test passages or answering questionson
them.

In keeplng with its past policies, the Committee
wanted o relate directly its research tasks to spe-
clfic aspects of school practice or toprovide the
basis upon which its {indings could be generalized
to school programs. The experimerters felt that
before schools could be expecled to Implement the
findings of Project 1955 In thelr programs, they
should have empirical evidence that the results of
training given under the aforesaid experir.ental con-
ditlons would indeed transfer to more typical read-
ing tasks faced by intermediale-grade chlldren.
The present study is, therefore, anextenslon of
Project 1755 specifically designedtolnvestigate the
possibilities of such transfer effects.

The first part of the present study replicated the
training and testing of Project 1755, The only major
revision In the {irst part of the study was inthe sub-
stitution of a gecond active learning group for a pas-
sive control group. Since the preceding study gave
evidence that trained groups achieved greater vari-
ability than ~ontrols, It wasfelt tobe more perti-
nent to test for significant differencesbetweentypes
of training. Therefore, half of the subjecis were
trained with passages contalning anexplicitly stated
maln idea and the other half worked with passages
in which a main idea was Implicit but not stated.
Classroom materials may or may notcontaln ex-
plicit main Mea statements so the intent was (o de-
termlae whether trafatig with either type would pro-
duce better results,

Three major hypotheses were stated:

1. Intermediate-grade children trained with pas-
gages containing either explicitly stated or
implkit maln ideas will differ in rate svari-
adllity when reading carefuily structured ex-

site y or rerrative materials for three dif-
crent putposes.

1. tndermediate-grade children tralned with pas-
sages containing either vxplicitly stated or
{mpliclt main Kieas will transter their varla-
b:my ol reading rate to more typical materl-
als.

3. Intermediate-grade chiXren tralned with pas-
sages contalning ¢ither explicitly stated or
implicit main iders will retain their variadll-
ity of reading rate with typical materialsalter
a period of one ronth.

Answera (o the following questions were socght:

1. Do chiMdren differ In their total reading rate
when resding either narrative or expository
material for three different purposes?

2. Do boys and girls in grades 4,5,and Stralned
with jmssages containing specifically stated
main ideas and chikdren trained with passages
In which main Meas were Impikit, but not

stated, differ In thelr rale varlablility when
reading either expository or narrative materi-
als for three different purposes on a tralning-
like task immediately after tralning?

3. Do boys and girls In grades 4, 5,and 6 tralned
with passages containing cither explicitly
slated or impllcit maln ideas di'fer in their
rate varlabllity when readingeither expository
or narrative materials for three different pur-
poses on a transfer task Immediately after
training?

4. Do boys and girls in grades4, 5,and 6 trained
with passages containing elther explicitly
stated or implicit maln ideas differ in thelr
rate variability when reading either expository
or narrative materials for three different pur-
poses on a a) trainlng-like ta sk Immediately
after tralning; b) transfer task immedlately
afler training; ¢) transfer taskone monthafter
training?

5. Do children vary their rate when reading
either expository or narrative materialsfor
three different purposes - specific fact, se-
quence, ¢r main ideaon a a) training-like
task immediately after training;b) transfer
task immediately after training; ¢} transfer
task one month after training?

METHD

SUBJECTS

In the final analyscs, seventy-two childrenfrom
grades 4, 5, and 8 of a ralddle-classalementary
school in Madison, Wisconsin, served as subjects.
There were twenty-four subjectsateachgrade level,
twelve boys and twelve girls, Inanattempt to ex-
clude the extremes of reading ab.lily, subjects were
chosen ®ho Yo d reading test scores that placed them
between the fortieth 2d ninetleth percentiles for
thelr grades. The STEP Reading Test was used in
grade 4, the Reading '*omprehension subtest of the
Calfornia Achlevement Test wasused ingrade §,
and the Jowa Reading Test was used In grade 6
School personnel corroborated the reading test
scores. Table 1 shows the percentile range by
grade and sex.

Within sex and grade level, equal numbersof sub-
jects were randomly assigned to the two treatment
groups. To guard against atirition due to absence,
inability to cope with the task, andexaminer eirors,
extra subjects, one boy and one girlfromeachgrade
level, were Included {n each treatment group. There-
fore, the treatment groups comprised forty-lwo
children, of whom 8ix were not inctuded In the anal-
y8is. The erira subjects remaining after attrition
were randomly dropped.

EXPERIMENTAL TREATMENTS!

‘The distinction between groups was in 1) the na-
ture of ot lentation to reading for the maln 3dea and
2) the structure of tiaterials cead during the orlen-
tation and training §+riods. During these periods,
Group 1 worked with materials® inwhich a maln
fdea was explicitly staled; the task inreading for
the maln Mea was to ¥entify the main 1dea from &
st of sentences laken fromthe passages read,
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TABLE 1
PERCENTILE RANGE OF SUBJECTS' READING TEST SCORES BY GRADE AND SEX

Grade
Fourih Fifth Sixth
Highest Lowest Highest Lowest Highest Lowest
Sex Percentile Percentile Percentile Percentlle Percentile Percentile
Boys 88 48 00 62 87 40
Girls 90 50 90 54 89 57
Total 00 48 90 54 89 40

Group I worked with the materials trom which the
stated main Idea had been deleted; the task in read-
Ing for the matn idea Involved formulating a main
idea and then selecting the main ¥dea sentence from
a list dentical to the one used by Group 1. Both
groups worked with passages of identical length and
essentially the same substantive subject matter.

MATERIALS

Materiala for orlentation to the task, for varia-
bility tralning, and for Immediate posttralining eval-
uation were taken, with but minot adaptations ex-
plained below, {rora materials constructed for Pro-
Ject 1755, Longer malerials, more representative
of the type encountered by elementary pupils, were
constructed for use In the aitempis to assess ihe
transter effects of the variability training. The de-
velopment of materials was & major focus in both
the present project and the one that preceded it;
thua, the materials are described In considerable
detail.

ORIENTATION MATERIALS

The orientation materials comprised three rets
of passages, one set for each of the three purposes
for teading (see descrigtion of ihe training program).
Each passage was printed separately on charts
which could be read [rom the Jocation of any puplil
in "he testing room. A list of five namea with cor-
resyondirg telephone numbers was used in finding a
specific facl. Reading for sequence involved one
basic paragtaph with three difterentorderingsol its
five sentences. For Group | otlentation to teading
tor the main Jdea 2180 employed 2 baske paragtaph
whivh was rewritten three times 80 that the toplec
senlence appeared in different per(s of the passage.
The tmaterials were taken from those developed for
Project 1158,

Because all of the Project 1755 materials in-
cluded explicitly stated maln Meas, the following
adaptations were tequired for use with Group L
First, the aeatence stating the mainidea was de-
leted from the passage wsed to orient the subjects
to reading for the main Mdea passage andthe temain-

ing sentences were expanded slightly to preserve a

uniform length., Second, an additional paragraph

was used with Group 11 during its orlentation to the

purpose of reading for the main idea. Thispira-
graph was similar to the first one In topic and con-

struction, but It was used to provide turther clarifi-
cation of the task and practice In arriving independ-
ently at a conception of the main tdea. A pilot study
showed that the added practice was needed.

TRAINING MATERIALS

The training materials developed In Project 1755
and used in the present study consisted of three
pacts; & set of directions, the passages to be read,
and comprehension checks, Briefdescriptions
?( each of the three parts of the training materials
oliow,

Directions

The primary purpote of the direclions was to
establish a dellnite purpose for reading e (ther to
find the Maln Kdea, The Sequence of Events, or 2
Specific Fact, Thus, a specific question was asked
for each selection to be read for a Specilic Fact,
and when the purpose was o te2d for Sequence or
Main ldea, the subject was told to read to find the
Main {dea or to remember the order of events. The
directions were designed to make the training sel-
inslructional,

Passages

The passages were written with the following te-
strictions and considerations in mind. The tontent
of the training materials was frors the areas of so-
cial studiea, science, or [ivtion because Shorea’
(1960) research indicates that teading speed faaf-
fected by different Xinda of contert.

The passages were writlen In nasrative and ex-
posiory styles because a pliot study In Project 1755
showed that expository materials were resd faster
than narrative, yet puplis commonly encounter both
stylea,

Pagsages were given efther an inductive structure
(i. €., the topic sentence came near the end of the
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selection) or a deductive structure (i.e., the tople
sentence came near the beginning of the selection).
The decision to consider structure of the materlal
was based upon results of pilot testing in Project
1755 which indicated that children perform better
on paragraphs organizeddeductively than inductivcly.

Passages were limiled to six to eight sentences
witn total word count ranging from €6 to 112 words
since the earller pilot study showed that fourth-
grade students had much difficully with longer se-
lections before tratning.

In an attempt to keep the passages within the
fourth-grade readablility level accordingtothe Dale-
Chall formula, the vocabulary was limited to grade
4 word lists, sentence length was limitedloa seven
to fourteen wnrds range, and typical gubject-verd
word order was maintained within the sentences,.
Each passage was allowed a maximum of two exam-
ples of the syntactical complicatior which follows:
relative and subordinate clauses, participial
phrases, infinitive phrases separatedfromthe main
verd, and inverted subject-verd word order. Five
teachers with experlience In the intermediate grades
judged the difficulty of the materlals to be appropel-
ate. As an added check, the directions for each
passage encouraged the subjects to ask for vocabu-
lary help as needed. -

Each passage has a single main idea. Group}
practiced with passages In which a main idea was ex-
plicitly stated; Group 11 practiced with passages In
which the same maln idea was implied but not staled.
In the passsges where the main icea was not stated,
adjectives, adverdbs, and other words which did not
change the meaning of the paragraphs were ir.serted in
the remaining sentencesloyleld a conatant paragraph
length. The nature of the dally training materials
s abuwn In Table 2.

Compeehension Tests

The position was taken that the reader should
have access to all the passage units when selecting
the appropriate maln 1dea or determining the proper
order of tdeas. Thus, for the main Idea and se-
quence tasks the comptehenaion tests conlained a
condensed or abridged restatement of eachol the six
to elght sentencea In the passage itself and the sub-
ject either identified the main iea statemert or se-
quentially crdered the statements given. For the
speciiic facl tasks, a phrase contalning a specific
fact was takan from each sertence and the swbject
identified the correct one.

POST- TRAINING MATERIALS

The directiona and comprebensiontests used with
the post-training materials were of the same type aa
he tralaing materials proper and the passageswere
likewise adapted (rom parsgraphs constructed for
Project 1755, Bix of the passagea were written with-
owt 2 atated main idea and aix were writtes wkh an
explict mala Jdea. Each passage was aixly-aix
words long, Including five sentences if the maln idea
was twot atated of alx sentences if R waa stated

TRANSFER MATERIALS

The tentral question of e stody 1a whether var-
\ability tn reading speed developed by Leaining with

TABLE 2

NATURE OF THE DAILY TRAINING PROGRAM
MATERIALS

Number Seleclion

4 Main Idea Selections

] §.quence Selection

1 Specitic Fact Selectlon

carefully construcled, short model paragraphs will
transter to reading the longer, less tightly siruc-
tured passages typically found In classroom materi-
al. Thus, the declsion was (o use the types of ma-
terlal actually employed {n classroom Instruction in
the transfer task. With this decision, there was the
problem of learning more about the nature and length
of "'typical” patagraphs In clementary level materi-
als, A prelimlrarv survey of tradebooks and text-
books, especlally L. ' reading serles, revealed a
lack of consistency wi 1tn imermediate level materl-
als and even within individua} publications.

It had at first been assumed that construction of
the transfer materials would Involve the useof acer-
taln number of paragraphs, but the survey revealed
that there was a surptising lack of correspondene
between parsgraphing and toplcal units. Within a
single paragraph, two or three topics might be dis-
cussed; yet at another place in the same material
several paragraphs might be usedtacover one tople.
Since one of the purposes for reading In the study
tnvoived the identification or tormulation of a main
idea, the experimentere decided to select passages
that ¢ ntained only one maln Kea, regardiess of the
tolal number of paragraphs Involved. Thesurvey
showed also that there was little consistency amorg
the materlals with regard to the o mber of words
used In the coverage of a single maln idea. Because
the experimental design of the study ¢alled for aunl-
form length in the transler test materials, the ex-
prrimenters arditrarily set the length at 108 words,
three times the number of words inthe post-tralning
test malerlals.

With consideration for all the {actors Involved In
the booseness or tightneas of the structure of mato-
rlals at the intezmediste gtade levels, the expert-
menters decided that selections {rom the Inter medi-
ate leve) Reader's Digest Skill Builders were rea-
sonably representative of materlals usedby ¢hildren
In the fourth, fithe, and ailxth grades,

Passages were chosen from the Skill Bulldera In
view of the following: each passage Md to have a
tingle, complete main Mea; each passage had tode
appropeiately written for one of the three purposes,
Q.e., if the purpose were to read for sequeste, the
passage must obviously contaln a ¢'early recognit-
able seqaential development); and ailof the passages
thosen had Lo be generally Interesting to Inter medt-
ate-grade children tut not speciically familiar to
tham.  The Skill Builder aelections were modifled
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only when necessary in terms of the addition or de-
letlon of a stated main idea, and/or the additionor
deletion of unimporlant words In order to keep the
length constant. (The authors are indebtad to the
editors of Reader’s Digest for permissionto use
thelr materials and for thelr examinatlon and ap-
proval of all adaptations made In the materials.)
Half of the selections chosen were written In a pri-
marily narrative style and half were expository in

style.

Equivalent sets of materlals were necessary for
the immedlate and delayed transier testing. ''Pairs’’
of materials were developed by drawing iwo selec -
tions from the same Sk'll Builder article, Since
these articles were very short, it was felt that vo-
cabulary, style, and other factors affecting r ead-
abllity were likely to be reasonably equivalent. The
selections In each pair were assigned randomly lo
the [mm odiate or delayed transter testing materials,

Table 3 1s 2 breakdown of the total nuinber of se-
lections used for the transfer study.

TRALVING AND TESTING PROCEDURE

In keeping with the framework established by Pro-
fect 1755, the research program was divided into
two basic paris, training and testing, which were
then subdivides with time designated for each part
28 shown in Table 4.

Training Program

Training Examiners. A week before the training
peogram éian, the adult assistanis met with the
graduate research staif for orlentalion to methods
and procedures to be used. A brief history of the
research project was given, and each assistant re-
celved a copy of the complete set of directions for
each dey of training. Objectlvity in working with
the subjects was emphasized.

Tranlng Subjects, Days 1-3 of the training pro-
gram served as an Orieniation Perlod topregpare
sudbjecta to read for the three different pu posesand
to familiarize them with the materials and proce-
dures, The subjects read three praclice paseagea
each day. The crientation sequernce Is shown {n
Table 8.

The difference between groups in the Orlentation
Period was in presentation of reading for the maln
idea. Croup I practiced with siated main tdeas {n
thelr parsgraphs while Group I peacticed with para-
graphs with Impliclt m2in ideas. T hia distinction
wis malntained throughout the training program,

On daya 4-10 the avbjects peaciked tor 30-43
minwte perioda each day, during which they read
six selections daily. The sclections were randomly
ordered for the total group of eighty-four subjects
every day.

In addition to reading pasrages, subjects also
peacticed predicting their reading speed for each
aelection, Thia was followed by tecording aclual
speed on thelr individual grapbs and oa Time Record
Sheets. R was [elt that trla woeM helpeach sobject
evaluate hia o%w progress; the graph would evs.le
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TABLE 3

NATURE OF THE SELECTIONS USED IN THE
IMMEDIATE AND DELAYED TRANSFER EESSIONC

Selections for
Delayed Transfer

Selectlons for
Immediate Transler

Stated Maln Idea

2% Main Mea 2 Main Idea
2 Sequence 2 Sequence
2 Specliic Fact 2 Specific Fact
Unstated Main Kdea
Main ldea 2 Main Idea
2 Sequence 2 Sequence
2 Specific Fact 2 Speclfic Fact

*There was one narrative and one expository
selectlon in each pair.

him %o visualize the differences in reading rate for
erch of the three purposes fcr reading.

On each of the seven praclice days, this proce-

dure was followed:

1. Each subject recelved his set of self-instruc-
tiona) materials and read the directiors to
establish a purpose for reading.

2. Each subject predicted his reading speed on
his grapb,

3. Each subject timed his reading of the seleclion
with a stop watch and recorded actual reading
time on Titae Record Sheets,

4. An answer sheet accompanying the selection
was then completed,

5. Subjects were expected to read to full compre-
hension or 100 percenmt accuracy in responding
to the comprehension test items. Due lo the
nature of the tests, five trials was the maxi-
mum. The assistants checked tndividual re-
sponses after each trlal.

8. Raw time scores were translated {nto words
per mirute scores by the avbjects, who were
supplied with conversion tadles,

1. Subjects then plotted reading speed on thelr
graphs to show & comparison of peedicted and
sciual reading speed. The graphing waa in-
tended to serve as 2 mativational device.

ADMINSTRATION OF TRE TRAINING PROGRAM

T oMaia manageadble groups lor the training nes-
stors, Groups 1 and 1l were each divided into two
training groups of twenty-one sadjects. Three
groups met separately In the lesting room during
the morning, and one group met In the afterncon,

Fous research assistants conducted the Training
Program. Sincs cach had Leen involved in working
of vatious phases ¢f the (raining materislsand train-
Ing trocedute, It was felt that they would be highly
consistent In Lhelr adminisiration of the lour traln
ing growpe. Four of (ive aduit asatatants wvere
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TABLE 4
SEQUENCE OF ‘TRAINING AND TESTING

==

Tralning Program

Testing Program

Orlentation Trainlng Post- Training Immedlate Transfer Delayed Transfer:

Period Period Test Period Test Period Tect Period

Days 1-3 Days 4-10 Day 11 Days 12-13 Days 14-1%
(one month
{ollow Ing
Days 12-13

TABLL %

ORIENTATION SEQUENCE

Day 3 Day 2 Day 3

Irtroduction to
{1) three purposes for reading
(2) use of stop watches
W) use of Time Record Sheets

(3) Graphs

wtroduction (o
(1) Conversio, lables

Introdurtion to
(1) predi:ting reading spied

available al each sesslon to supervise the subjects’
work. The resuiting ratio of one adult for every

four or five subjects Insured adequate supetvision
of the work and Immediate feedback on the compre-
hension lests,

The following administrative delaiis were pat-
terned cfter Project 178%:
1. Tralning groups rvere no larger than twenty-
one subjects.

2. Alxtge, well-ventilated, well- Lighted, quiei
rOOm wWas used,

3. Individual work space was available for each
fupll.

4. All necessary suppliea were provided by the
researchere.

S. One avull was arsigned to work with every
four or five subjects.

6. Instructors and assistants were tralned In the

testing peocedures and to anticipate possidle
protlema.

7. Detalled peinted instructions wer e provided
for Instractors and assistants.

TESTING PROGRAM

The procedure followed during the three phases
of the Testing Program {see Tadle 4) deviated frosn
the Tralnlng Program in these ways: (1} For the
Post- Tralalng Test, day 11, 12 randomly orderad,
sixty- six word selections were read instead of the

—— o, .  S————— . St

usual six selections of varying length. Four ran-
domly ordered selections were read for each of the
three purposes. ‘The tolal reading time in seconds
for each purpose was recorded. The pupils di) rnot
use their graphs. (2) The lramediate and Delayed
Transfer selections were 148 words In length, They
are described in detail in th2 materials sectinng of
this paper. All subjects 1¢d twelve randornrly or-
dered zelections, six with and six without a1 expli-
citly stated maln tdea, for Immediate Transler on
days 12and 13. One month later, on days 14 and
15, they Tead tweive relectiony compising the pec-
ond half of the set of transfer materisls. Durlag
the two transler testing periods, the azsistants re-
corded the subjecta’ t-4al reading time 1n ceconds
when reading for each surpose. No graphs or eon-
version tables were used.

The assamptioh was that in ordar to assess the
e1fects of the stated and implied main idea treatment
conditions It was necessary to test the subjects on
materials with and without explicitly stated main
Mess. A reasonadle expectation would be that sub-
Jects trained with stated main Meas would do best
on test materials which contained stated main ideas
and those trained with materials having tmplicit
main ideas would do best on test materials with im-
plicit main 3deas. To assess the overall effect of
the ltreatmert conditions, the esperimenters wer e
concerped with the best petiormance on XA typea
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of materials. Inordertogetascore wlich indicated
this total performance, regardless of type of mate-
rial, the mean score of the subjects’ performance
on narratlve and expository materialwas found,
thus reducing the number of scores for each subject
to six.

DESIGN AND ANALYSIS

In order to determine the varlabillty of reading
rate for the three different purposes - speclfic fact,
sequence, and maijn idea - a variability score was
calculated for each sunject, The style of the mate-
rial was considered In 1hat two rate variabllity
scores were calculated for each subject ~ one for
narrative and one for expssitory materials. The
varlability scores were calculated according to the
standard varlance formula:

& .3 K-X)
=1 01

Xi was the sum of individual scores where | varied
across the three purposes; X was the mean of the
three purpose scores, and n=3. Thus, the vari-
ance scores took into account the subjects’ reading
rate for one purpose In relationto all purposes
(mean rate)., There were three different desigrs
and consequently three different types of analysis.

One was a subject X purpose one way analys!s of
varjance deslgn. The dependent variable for the
analysis was the proportion of each individual’s
reading rate for each single purpose to his total
reading rate for all three purposes.

Due to the fact that each subject read for three
purposes, a repeated measures sltuation existed.
Greenhouse and Gelsser (1959) have pointed out that
for the usually computed F ratlea of mean squares
in the regular analysis of variance tobe exactly dis-
tributed as the F distribution, I# is necessary that
the columus or tests in additlon to be lng normally
dlstributed, having equal varlances, should be mu-
tually independent. Since the measures were made
on the same subjects, the Independence assumption
could not be met.

Although cne approach to thls problem would be
to use a multivariate analysls of variance design,a
simpler approach 18 to follow the procedure of ad-
justing the degrees of freedom which results in con-
servative ¥ ratios whizh approximate the F dlstri-
bution when the independence 28sumptfon isnot met
(Greenhouse and Gelsser, 1959). The adjusted de-
grees of freedom are in thls case 1 and 71 respec-
tively. Six analyses were also done using this de-
elgn and procedure.

The second was a 3 X2 X2 completely crossed
analysis of variance design with three grades, two
sexes, sl two training methods and with rix repli-
cates per c:1l. The model was assumed tobe fixed.
The reading varlabllity scores weretrancformedty
using the natural log to base e, Thus, the scores
{y) used in the analysis were:

3 . ]
y=natlog, 5 L
i=1 n-1

After the scores were transformed, an analysis of
varlanve was done on the means of the variances ac-
cordiug to the procedure outiined by Scheffé (1960)
for the comparison of varlances. £ix analyses were
done according to these deslgn and analyslis pro-
cedures.

The third deslgn was a 3 X2 X 2 X3 analysls of
varlance with three grades, two sexes, two training
procedures, and three repeated measurements or
tests — a training test Immedlately after training,a
transfer task immedlately after tralning, and a de-
layed transfer task one month after training. The
dependent variable for the analysesusingthlsdesign
was rate varlabllity. Two analyses were done using
this procedure., Conservatlve F tests using the
Greenhouse and Geisser (1959) procedure were also
used in this analysis. The adjusted degrees of free-
dom were 1 and 69 respectively. For all F ratlos
found to be significant post hoc comparlsons among
the means were done followIng the proceduresof
Scheffé (1953).

RESULTS AND DISCUSSION

The subjects conslstently varled their rate when
reading elther narratlve or exposltory materlal for
three different purposes. Theanalyses summarlzed
in Table 6 also show that there was a difference in
rate variability on the immediate post training test,
the transfer task, and the transfer retentlon task.

Mean proportions of reading time are shown in
Table 7. The trend there is clear and, with but one
excetlon, consistent: the chlldrenread most rapld-
ly to find specific facts; they read te s s rapldly for
main {deag, and they read most slowly for sequence.
The Sche{fé post hoc test for multiple comparlsons
reveals significant differences betwe en all means
except the Post-Narrative, Main Idea, and Speclfic
Fact. This is in line with the logical expectation
that, with training, children would be able to adapt
their rate of readilng according to purpose; that they
would be best able to pick out specific facts very
qulckly; and that the task of readingtoarrange facts
in sequence would be most time consuming because
the subjects would need to deal simultaneously with
several facts.

Materials were written In narratlve and exposi-
tory styles because there was evidence that style
affects rate. When the means in Table 7 were col-
lapsed across style, there was virtually no dif{fer-
ence between the narrative and expository meuns
(Exposltory =.340; Narrative = . 333). Yet, a com-
parison that takes purpose into account, as shown
in Table 8, reveals that style interacts with purpose;
expository materials are read most rapidly for the
muin idea, but narrative materfals are r ead most
rapldly for sequence and for specHic fact, By way
of post boc interpretation, it would appear that the
expository arrangement makes for more clearly
identifiable main ideas. Likewise, the narrativear-
rangement of materia!3 would tend to have a sequen-
tial arrangement built In and, therefore, be more
easlly identifiable. An explanationof the more rapid
reading of narratlve materials for specific fact {s
more elusive; but it might be argued that a narra-
tive-sequential arrangement lends clues that make
for rapid location of facts.
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TABLE 8

ONE WAY ANALYSES OF VARIANCES FOR TOTAL READING RATE FOR THREE DIFFERENT PURPOSES
WITH EXPOSITORY AND NARRATIVE MATERIALS ON POST, IMMEDIATE, AND DELAYED TESTS

Description df MS F
Purposes on Expository Posttest 2(1) . 40 40+
Error 213 (11) .01

Purposes on Narrative Posttest 2(1) .72 . 2%
Error 213 (1) .01

Purposes on Expository Transfer Test 2(1) .97 T+
Error 213 (11) .01

Purposes on Narrative Transfer Test 2(1) .92 92*
Error 213 (M) .01

Purposes on E«pository Retentlon Test 2(1) .84 84+
Error 213 (1) .01

Purposes on Narrative Retention Test 2(1) .38 3p*
Error 213 (1) .01

*p<,01

TABLE 7

MEAN PROPORTION OF READING TIME FOR TOTAL COMPREHENSION BY STYLE OF MATERIAL,
TIME OF TEST AND PURPOSE

Purpose
Test and Style Main Idea Sequence Fact
Post-Expository .331 . 409 . 261
Post-Narrative . 289 L3983 . 218
Immediate Transfzr-Expository .35¢ . 435 . 207
Immediate Transfer-Narrative . 348 .438 .214
Delayed Transfer-Expository .325 . 446 . 220
Delayed Transfer-Narrative . 382 . 366 . 252
TABLE 8
MEAN PROPORTION OF READING TIME BY STYLE AND PURPOSE

Purpose
Style of Material Main Idea Sequence Fact
Expository ,338 . 430 . 252
Narrative .373 L399 . 228
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TAEBLE 8

ANALYSIS OF VARIANCE OF GRADE, SEX, AND TREATMFNT FOR EXPOSITORY MATERIALS AND
POST PERIOD READING VARIABILITY YOR THREE PURPOSES

Source of Variation df MS F
Grade 2 5.98 2,89
Sex 1 1.060 <1
Treatment 1 .58 <1
GX8§ 2 2,99 1. 46
GXT 2 4,30 2,10
SXT 1 1. 14 <1
GXSXT 2 .84 <1
Error 60 2.05

TABLL .0

ANALYSIS OF VARIANCE OF GRADE, SEX, AND TREATMENT ¥OR NARRATIVE MATERIALS AND POST
PERIOD READING VARIABILITY FOR THREE PURPOSES

Source of Variation df MS F
Grade 2 3.78 1,52
Sex 1 2. 07 <1
Treatmert 1 4, i1 1. 68
G XS 2 . 84 <1
GXT 2 .23 <1
SXT 1 1,17 <1
G X8XT 2 1.24 <1
Ervor 60 2.48

The type of materials used during the tralning
sessions did not make a difference Inthechildren’s
subsequent variability rate when reading for three
different purposes (see Tables 9-14). Chlidren
trained with passages containing explicitly stated
maln ideas did not differ In rate variability from
children trained with raaterialswith implicit but not
specifically stated main ideas. The types of traln-
Ing materials are subsequently referredtoas stated
and unstated, respectively. The Implication is that
materials varled on this aspect do not affect chil-
dren'’s abllity to vary their reading rate. Thus,
elther type of training materlals should produce sim-
flar results if reading varfability across purposes
18 the cbjective of the training.

The use of different types of training materlals
did not have any eifect on the transfer task. When
children were given an extended passage which was
more closely related to the acteal school reading
task, children trained with stated materials did not
differ in their rate vartabillty from children
trained witb unstated materials.

The pame v'as true for the transfer retention
task. When culldren were tested for retention on
the transfer task, no differences 'n rate variability
were found between the two groups trained with dif-
ferent materijals.

However, one might speculate that if the approach
to instruction had been varied for each type of ma-
terials, the results might have been different. For
example, if the children who worked with unstated
materlals had been trained explicitly in devising
their own main idea statements, they might have
done better than the other group when all subjects
were tested on both stated and unstated materials.
Such speculation seems to suggest a possible next
step for research that focuses upon trafning pro-
grams for the development of rate varlability.

Whether the children were reading expository or
narrative materials, the results were the same.
Conslstently on the post, immediate transfer, andde-
layed transfer tests no differences were found between
the grouptrained with stated main Idea materials and
the grouptrained withunstated mainidea materials,
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TABLE 11

ANALYSIS OF VARIANCE OF GRADE, SEX, ANDC TREATMENT FOR EXPOSITORY IAATERIALS AND
IMMEDIATE PERIOD READING VARIABILITY FOR THREE PURPOSES

Source of Varlation df MS F
Grad 2 4. 84 2,66
S:: ¢ 1 4, 22 2.217
Treatment 1 .34 <1
GXS 2 2,35 1.26
GKT 2 2.40 1.29
S KT 1 4, 43 2.38
GXSXT 2 2,40 1.29
Error 60 1,86

TABLE 12

ANALYSIS OF VARIANCE OF GRADE, SEX, AND TREATMENT FOR NARRATIVE MATERIALS AND
IMMEDIATE PERIOD READING VARIABILITY FOR THREE PURPOSES

Source of Variation df MS F
Grade 2 .1 <1
Sex 1 5,33 1. 60
Treatment 1 .00 <1
G XS 2 1.51 <1
GXT 2 5,10 1.53
S XT 1 . 32 <1
GXS8SXT 2 .03 <1
Error 60 3.33

Sex did not make a difference in the rate var-
iability of children trained with either of the two
types of materials. This result was consistent.
Boys did not differ from girls in their ability to vary
their rate from purpose to purpose immediately
after training, on the transfer task or on the trans-
fer retention task.

The same results held across grade level. There
was no difference among fourth, fifth, and sixth
graders in readling rate variability from purpose to
purpose on e¢ch separate testing occasion. How-
ever, the trends indizated by the means (Table 15)
are consistent. Fourth graders conslistently showed
more variability of reading ratethan d.d fifth
graders, and fifth graders consistently showed more
varliability of reading ratethandldthe sixth graders.
This could be due to the younger children’s more
flexible mental get, which could muke them much
more susceptible to training.

The absence of grade by treatment interactionin-
dicates that the two different tralming procedures

did not have different effects across grade level.

This might not have been so Y matertals had been

prepered for each gpecific grade level. Further in-
vestigation taat focuses upon possible developmental
trends might be worthwhile.

The total reading variability across occastons
(tests) on expository materials was found to differ
by grade (Table 16). No grade differences were ap-
parent, however, on the total reading varlability
across occasions on narrative materials (Table 17).
Mean rate variability by grade and type of material
is shown In Table 18. Scheft€ post hoc tests for
multiple comparisons revealed that the only slgnifi-
cant difference is between the mean scores of fourth
and sixth graders when reading expository material.
This supports the trend found with individual tests.
By way of Interpretation, the suggestion isthatolder
pupils may have a fixed set for approachlngthe read-
Ing task; whereas, younger pupils may be more
readily susceptible to rate varlability tralning., If
this is so, the Implicationisthat suchtralningought
to be given early In the intermediate grades.
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TABLE 13

ANALYSIS OF VARIANCE O} GRADE, SEX, AND TREATMENT FOR EXFOSITORY MATERIALS AND
DELAYED PERIOD READING VARIABILITY FOR THREE PURPOSES

Source of Variation df MS F
Grade 2 2,87 1.40
Sex 1 .16 <1
Treatment 1 .27 <1
G X3 2 .23 <1
GXT 2 .31 <1
S XT 1 11 <1
GXSXT 2 1,93 <1
Error 60 2,12

TABLE 14

ANALYSIS OF VARIANCE OF GRADE, SEX, AND TREATMENT FOR NARRATIVE MATERIALS AND
DELAYED PERIOD READING VARIABILITY FOR THREE PURPOSES

=]
&
-

Source of Variation

Grade 2 5, 80 2,10
Sex 1 1.78 <1
Treatment 1 .15 <1
GXS 2 2. 95 1.07
GXT 2 2.45 <1
S XT 1 7. 36 2,67
GXSXT 2 2,44 <1
Error 60 2.76

TABLE 15

MEANS FOR EACH GRADE ON EXPOSITORY AND NARRATIVE MATERIALS ON THREE DIFFERENT
TEST OCCASIONS

Type Occasion Grade Grade Grade
4 5 6
Post 3.07 2.68 2.08
Expository Immediate 8. 29 68.20 5.46
Delayed 6.40 5.89 5.72
Post 3.45 3,35 2,12
Narrative Immediate 5, 66 5,92 5.59
Delayed 5. 80 6.61 4,87
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TABLE 16

ANALYSIS OF VARIANCE OF GRADE, SEX, TRAINING AND TEST OCCASION FOR READING VARIABILITY
WITH THREE PURPOSES AND EXPOSITORY MATERIALS

Sources of Varlation df MS F
Training 1 .10 .05
Sex 1 2.83 135
Grade 2(1) 13. 67 6. 49¢
Occaslons 2(1) 36.23 17, 32*
TX8 1 .88 .42
TXG 2 3.04 1. 45
TXO 2 .37 .18
S XG 2 2.28 1.08
8 X0 2 1. 5% )
G X0 4 .14 .35
T X8 XG 2 2.51 1,20
TXS X0 2 3.02 1. 44
TXGXO 4 1. 62 .78
S XG X0 4 1. 49 .11

, T XS XG X0 4 1.53 .13
Within {error) 180 (69) 2.08

[ *p<,05

i

5

i TABLE 17

ANALYSIS OF VARIANCE OF GRADE, SEX, TRAINING AND (EST OCCASION FOR READING VARIABILITY
WITH THREE PURPOSES AND NARRATIVE MATERIALS

=Y
&

Sources of Variation

Training 1 .86 .30
Sex 1 8.61 3.01
Grade 2 1. 87 2.15
Occaslons 2 2,55 .89
TXS 1 1.61 .56
TXG 2 1. 28 .44
i TXO 2 1.70 .60
5 S XG 2 1. 24 .43
| 8 X0 2 28 .10
i G X0 4 .20 .42
; TXS XG 2 2,34 .82
TX8 X0 2 3. 62 1,26
TXG X0 4 3.25 1,13
8 XG X0 4 1,03 .87
TX8 XG X0 4 . 69 .24
Within (error) 180 2.88
The analyses summarized in Tables 16 and 17 between the post-training and the immediate and de-
alsd reveal a difference in rate varlability across layed transfer tests with expository material. The
tests - post-tralning, immediate transfer, and de- suggestion is that not only does the ability to adjust
layed transfer - with expository materlals but not rate to purpose transfer from training passages to
with narrative material. Mean rate variability by more naturalistlc materials, but alsothere is an
test and type of material js shown in Table 19. increase in rate varlability. The increase might
Scheti$ post hoc tests show a significant difference be expected on the basis that the materials {n the
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TABLE 18

MEAN RATE VARIABILITY ON ALL TESTS BY
GRADE LEVEL AND TYPE OF MATERIAL

Grade
Type 4 5 8
Expository 5.98 5,83 5. 12
Narratlve 5. 70 5. 983 5,12

transfer test s*tuations were mora nearly like class-
room materlals and less rigidly structured; there-

fore, the subjects were better able to use their rate

variability skill.

It must be noted that the main effects of grade
and test were significant only with expository mate-
rials. Yet, the trends were generally simllar. The
structure of the expository material apparently was
more conducive to rate variability than that of nar-
rative material. Whether this is generally 80, of
course, remalns to be seen.

There was no difference in the total reading var-
1ability of boys and girls. Boys and girlsthuslearn
the same amount durlng the training situations. No
differences were found vn any of the interaction fac-
tors, which indicates that ail factors were consist-
ent in combination,

The type of training materials used did not result
in a difference on the total reading variabllity
across occasions regardless of whether the children
were reading expository or narrative material. This
agaln emphasizes the similar effect of either of the
two types of training materials. 1t mayalsoindicate
that in the future this type of researchought to be
concerned with combinations of materials and in-
structional procedure in order to maximize the ef-
fect of training.

TABLE 1¢

MEAN RATE VARIABILITY FOR EACH TEST BY
TYPE OF MATERIAL

Test
Type Post Immediate Delayed
Expository 4.1 5. 09 6. 01
Narrative 5,37 5 13 5. 43

FOOTNOTES

1. The research reported herein was supperted by
the Cooperative Research Program of the
Office of Education, U. S, Department of
Health, Education and Welfare. This paper
first appeared in manuscript form entitled
“Transfer Effects of Training Intermediate
Grade Pupils to Adjust Reading Speed to Read-
ing Purpose,’’ Cooperative Research Project
No. 3137, Committee for Research in Basic
Skilis, The University of Wisconsin, 1966.

2. An appendix contalning the directions and mate-
rials used can be obtained froni the authors
on request.
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m Strategies for Concept

Attainment in Mathematics

IT WOULD beamistake for the writer,
being tralned in mathematics rather than psychology,
to do basic research In conceptual learning. On the
other hand, It is quite appropriate for him to ac-
qualnt himself withthe results of experimenlationby
psychologists and to manlpulate these results in dif-
férent ways to see how they apply In mathematics
Instruction. In the latter sense, or: mlght say the
paper has an operational flavor. Taat is, it dis-
cusses ways classroom teachers might attack in-
struction in a specific concept vi ranthematics and
means writers of classroom materials might use
to insure that provision had been made for learning
experlences that would lead{oat-ainment of a specif-
ic concept.

A teacher who faces a mathematics class five
daya each week often finds psychological research
of very little help in solving hls instructional prob-
lems, The research, for obvious reasons, must
start with thos? situations that present knowledge
can handle. A icsearch psychologist legltimately
pursues hls Interest In pure psychology; he may
have fleeting thoughts about applications of his re-
search, but the excitement of carrying on investiga-
tions in his particular field of interest leads him to
put these thoughts aslde - temporarily, perhaps.

Today, however, there exists sufficient evidence
on human learningaswell as numbers of well-tralned
mathematic: teachers so that applicationscan be
made in classrooms. It {g possible today to have
classroom experimentation that makes use of, or
manlpulates, basic psychological researchin human
learning. Emerglng among mathematical educators

wamam2 Myron F. Rosskopt

Teachers College, Columblia University
New York, New York

and psychologists are plans for studies that wlil ap-
ply in a subject matter field the results obtained

from the Intensive study of conceptual learning of
recent years (that Is, since World War II). Every
discipline has Its own subtletles. For this reason,
success of such experimentatlon willdepend upon
facility of communicatlon between psychologlsts and
representatives of other disciplines.

DEFINITIONS

CONCEPT

The word *‘concept’’ seems to have as many def-
Initions as there are writers on conceptual learning.
Recently, a definltion appeared that has the virtue
of efforts madeto rekate it to existing definitions.
According to this recent statement,

Anythlng that is a concept has the following
attributes:
1. Psychological meaningfulness
II. Intrinsic, functioral, or formal properties
II. Abstractness
IV. Inclusiveness
V. Generality
V1. Structure
VII. Functlon (Klausmeier, Davis, Ramsay.
Fredrick, and Davies, 1665, p. 3).
A possible criticism Is that the deflnitlon introduces
words which In turn need to be defined. True, but
it turns out to be easler to define {or describe) these
new words than it was to deflne ‘‘concept. *’

Two aspects of the definition that make it useful
are its open-endedness - by means of item v,
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Generallty - and its own inclusiveness. Simplecon-
cepts as well as very complex conceptsare possible
of characterization by means of the definition.

The writer has been using thafollowingdefinitlon
of a concept, probably because it lent itself so well
to explanations of mathematical concepts. A con-
cept 15 ‘‘a way of grouplng an array of objects or
events in terms of those characteristics that distin-
guish this array from other objects or events In the
universe’’ (Bruner, Goodnow, and Austin, 1956, p.
275). This sulfices for a first level concept, but to
obtaln the complexity that we know, at least intui-
tively, some concepts have, we need to add to the
definition clted; and including ‘‘the network of infer-
ences that are or may be set into play by an act of
categorization’’ (Bruner, et al, 1056, p. 244).

We shall not stop to relate these two definltions.
Interested readers can go to the references cited
and see that the two do indeed contaln the same ele-
ments. Instead we shall consider an example of a
concept in mathematics and show in what way it sat-
1sfles the conditions of the fir st definition stated.
Consider, for example, the set of all counting num-
bers, or as they are often called the set of all nat-
ural numbers,

[11 2: 31 seey N, D4 11 ---]-

One can discriminate certain subsets of this set.
There is the set of all even natural numbers,

[2,4,6....2,...];
and the set of all odd natural numbers,
[1,3,5 ..., 2041, ...].

For our example of a mathematical concept, how -
ever, we shall consider that of the set of all prime
(natural) numbers,

[2,3, 5 1 11, 13, ...].

When a person can distinguishbetw2en prime
numbers and numbers that are not prime (that is,
that ar> composite), then he lias a concept of prime
numbers, He can demonstrate his possessionof the
concept by fililng in the next few prime numbers, or
by devising a test for deciding whether a number
presented to him is prime, or not prime., He has
grouped the array of objects, the set of natural num-
bers, so that he can tell the difference between a
prime number and a composite number. He has
used the characterlstics that distinguilshbetween
prime numbers and other membersof the set of nat-
ural numbers. Really, the person has formed two
categories of natural numbers; those thatare prime
form one category; and those that are composite
form the other category.

At this stage of his concept of a prime number,
a person recognizes the formal propertles. He cer-
tainly is working at an abstract level, since he is
working with numbers, and at a level of generality,
since many subsidlary concepis such as factoriza-
tion, multiplication, and so on are involved. From
the point of view of structuce, the person probably
has used a conjunction of related conceptr to arrive
at a concept of prime numbers.

But we recognize more lnaconcept than just the
forming of categories according to some discriml-
nating characteristic or characterlstics. Part of
the concept of prime number 8 is realization that
their number 1is infinite, that there 18 just one even

prime, that no one has devised a formula for prime
numbers, and that there are many such o pen ques-
tions related to thils interesting subset of the set of
natural numbers. In other words, we are wllling to
accept as part of the concept these inferencesdrawn
irom the categorization.

It seems that such associations with the set of
prime numbers would qualify it for the attribute of
psychologlcal meaningfulness. There remaln the at-
tributes of inclusiveness and function. Now, inclu-
slveness Is 50 much a part of specifying a set in
mathematics that as soon as one s able {that Is,
correctly in the sense of mathematical criteria) to
talk about the se: of prime numbers, the attribute
of incluslveness foliows. Prime numbers as medi-
ators occur in prime factorization, calculation of a
least common multiple, and the prime factorization
theorem of arithmetic. Hence, tlie concept has the
functlon attribute also.

All right. It is possible to relate what mathema-
ticlans call a concept to what psychologlstscall a
concept. But a definition, if it really is adefinition
must partition the universe of discourse into those
things that are concepts and those things that are
not concepts. A ‘'definition’’ that 1s all inclusive
might just as well not be stated at all. In short, it
must be possible to point to something In mathemat-
ics that is not a concept. But that is easy; any addi-
tion fact, suchas 5+ 4 =8, is not a concept.

CATEGORIZING OR CONCEPTUALIZING

The word '‘category’’ was used in the preceding
discusslon. What s Involved in categorizing? How
is it related to conceptualizing? More important,
how s categorization related to the use of conce p-
tualization in applications, or problem solving, in
mathematics ? First, let us anailyze another exam-
ple of a mathematical concept and, second, derive
from the discussion of the example what seem to be
characteristics of categorizing.

Consider the concept of a rational number. Its
for mation starts very early inthe home experiences
of a preschool child, One-haif and one-fourth are
known for names of parts of things; one-half of an
apple or an orange or a glass of juiceor a candy bar,
During early schooling, the concept is expanded to
include written symbols for one-half and one-fourth:
1/2 and 1/4; 1/3 also is added to the list. However,
the concept is still on the level of these symbols be-
ing names for parts of things. There seems little
evidence that a child thinks of 1/2, 1/4, 1/3 as ex-
¢mplars of a new sort of number. Theteacher may
call these fractions rames for numbers, of course,
but still the concept, the way of categorizing these
numbers, of telling how they differ from other num-
bers, is in terms of a way of expressing them; to
wit, a numerator, a horizontal bar, and a denomi-
nator.

Not until quite late does the instruction reach the
stage of giving a new name, rationalnumbers, tothe
set of numbers that can be expressed asthequotient
of two integers, the denominator not zero. Now the
concept has formal propertles; it has been formal-
ized, one might say, and it will be even more for-
mal {that is, abstract) when a student recognizes
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ratlonal nurabers as ordered pairs of Integers In
which the second member is not zero.

At each level of formality, there are cues that a
student looks for: 1) one of two congruent parts of
something, such as an apple; 2) a numerator, a hor-
izontal bar, and a denomlnator; 3) a quotlent of two
Integers; and 4) an ordered pair of Integers. These
cues help a student put a number he encounters into
ite proper category, to align it with the concept he
has formed of the set to which that number belongs.
Notice, too, that the invention of ways of grouping
predictive characteristics is involved; for example,
the numerator, horizontal bar, and denominator.
The test of the invention is its usefuiness. Does it
effectively categorize numbers?

Categorlzing has for its basis deflning character-
istics. By grouping together things that satlafy the
defining characteristics of a class, an individual a)
reduces the complexity of his environment; b) iden-
tifies the objects In a particular universe of dis-
course; ¢) reduces the necessity for constant learn-
Ing; d) glves direction to actlvity; e) orders and re-
lates classes (Bruner, etal., 1956, pp. 12-13).

What are the implications for probler solving in
mathematics? If a student does not classify prob-
lems hz meets, then he must treat each problem as
an indlvidual. The cognitlve strain in such a proce-
dure is enormous. The student must, perforce, for
purposes of economy of effort 1ook for distingulsh-
ing characteristics or discriminable attributesof
problems in order to reduce the strain, That is, he
must use cues, put the problem in a pre-decided-
upon category, and bring Into play concepts that in
the past have becn effective in solving problems of
this particular category. It would seem that a cate-
gorization of a problem is the first step toward its
solution. Only after a problem has been putina
certain category can one proceed with plans for
solving it.

Of course the first plan chosen may fail. If it
does, a person has to devise variations on the first
plan. Perhaps hefailed to discriminate carefully
enough when he categorized the problem. In other
words, taking a first step toward its solution, leads
him to recategorize the problem. The {raportantthing
isthathe must realize that the Initially chosen method
of solution fails and then search for a new method.
He must shift his plans, and this requires strategy.

STRATEGIES IN
CONCEPTUALIZATION

STRATEGY

A strategy is a carefully planned calculation and
coordination of the specific ends and means neces-
sary to achleve a goal. That is, as in the following:

A strategy refers to a pattern of decisions
in tre acquisition retention, and utillzation of
information that serves to meet certain objec-
tives, 1 e,, to Insure certain forms of outcome
and to Insure against certain others. Among
the objectives of a strategy are the following:
2. To insure that the concept will be at-
tained after the minimum number of
encounters with relevant instances.

b. To insure that a concept will be attained
with certainty, regardless of the number
of instances one must test en route to at-
tainment,.

¢. To minlmlze the amount of strain on In-
ference and memory capaclty while at
the same tlme insuring that a concept
will be attained.

d. To minlmlze the number of wrong cate-
gorizations prior to attaining a concept.
(Bruner et al., 1956, p. 54.)

The preceding definition of a strategy and a de-
scription of the aims of a strategy is very similar
to the mathematical definition of a strategy that Is
associated with the theory of games. However, the
theory of games strategy consists of a set of deci-
sions made in advance. Once the decisions are
made, no change can be made while ‘‘play’’ is going
on. Incontrast, a problem-solving strategy, for ex-
ample, may be changed In the midst of a subject's
efforts; such changes are dictated, or shouldbedlc-
tated, as the subject's knowledge of the problem
grows through his efforts tofind a method of solutlon.

TYPES OF STRATEGIES

“Yirtually all the effective strategies for attain-
ing concepts « :pend upon the use of son e sort of in-
ftial focus,’’ (i3runer, et al,, 1856, p. 63). How
does the subject perceive the situation? What as-
pects of it holds his attention? How does he define
the task to himself? I the task I8 a problem situa-
tion, what data seem to be most relevant? How
does he fIt this problem into his concept pattern of
all types of problems with which he has had experi-
ence? After making an Inltial focus with respect to
the problem, a subject still faces the necessity for
decls'ons concerning a method of attack. What sort
of strategy should he decide upon? According to
Bruner and his associates there arefour ideal etrat-
egles: 2a) simultaneous scanning; b) successlve scan-
ning; ¢) conservative focusing; andd}focus gambling
(Bruner, et al., 1856, pp. 83-90).

a) Slmultaneous scanning. The simultaneous
scanner forms many possible hypotheses to follow
toasolutlon and keeps all of these hypotheses in
mind. The strain on memory ls great. Inltlally, he
chooses one of these hypotheses and tests it to see
if 1t is promising and at the same time to see which
of the other hypotheses it eliminates. A subject us-
ing this strategy has to keep allof the hypotheses in
mind; he has to deduce which are eliminated, andas
he proceeds to test a remaining hypotlesis, he must
remember which hypotheses were eliminated by his
earller testing.

The critical point In simultaneous scanning de-
pends uoon a subject’s abillty to deduce all the in-
formation with respect to which hypotheses should
be discarded from the testing of an Inltial hypothe-
sis. I he can do this, then he can proceed with
maximum Infor mation to test a remaining hypothe-
sis. However, memory strain and the {actor of
time usually prevent him from obtaining maximum
information. Suppose the subject makes a ‘Wrong
deduction? Does he have control over this risk? He
does not; he cannot himself either Increase or de-
crease the rigk.
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b) Successive scanning. ¥ssentially, this strat-
egy conslsts of testing one hypothesis at a time. A
hypothesis is tested untii a contradiction is reached,
or until it is clear to the subject that the desired in-
formation is not forthcoming. Then the hypothesis
1s discarded, and a second is chosen for testing.
Notice that a hypothesis is tested independent of the
others,

The galn in use of successlve scanning is twofold:
1) it lightens memory load and 2) frees the subject
{rom the necesslty for making many deductions con-
cerning the other hypotheses. Two disadvantages
are that some of the hypotheses may overlap, lead-
ing to repetition of work already done, and that there
is no control over risk. Asubject cannot take
greater gambles or lesser gambles. Thisisa rath-
er leisurely strategy and discounts heavily any time
factor.

c) Conservative focusing. First of all, a subject
who Is a conservative focuser studies the situation

to see if there is one key idea. K there is, it Is fo-
cused upon, and all hypotheses are tested against it.
Suppose he finds a hypothesis that looks promlsing.
That is, a hypothesis that impinges on the key idea.
Now, he chooses those hypotheses that contain the
same part that the promising hypothesis does. Then,
one by one, he adds parts of these hLypotheses and
tests the results. The ‘‘conservative’’ enters this
strategy at this point. Only one feature of a hyputh-
esls Is added at a time and tested.

Much infor mation is obtained by conservative fo-
cusing and redundancies are avoided. The risk of
securlng nn Information is under control; in fact,
one always gets some useful information. The enly
reat disadvantage Is that information which is not
arranged in orderly fashion might involve a long
search for the needed datd. Thus, part of the suc-
cess of a subject using conservative focusing depends
upon how well organized hls knowledge is.

d) Focus gambling. The Init{al steps taken by a
subject who uses focus gambling as a strategy are
the same as those of one who uses conservative {o-
cusing. But, he is not satisfied with adding one part
of a hypothesis at a time and testing; he addstwoor
more parts at a time and gambles. The strategy is
not qulite an all-or-nothing one, but It comes very
close In case the omnlbus hypothesis falls. The
only thing to do then is for the subjectto shift strat-
egles and fall back on successive scanning.

However, the gamble may pay off. The omnibus
hypothc sis may lead to attainment of the objective.
There 18 much gain then, of course, for the number
of trials has been reduced to a minimum and much
time has been saved.

THE STRATEGIES IN USE

IMPORTANCE OF INITIAL FOCUS

Several years ago, the writer did a pilot study in
which about ninety secordary-school teachers were
involved. Two tasks, or problems, ware presented
to the subjects, and they were asked to find a 80lu-
tion. The objective at the time was to secure infor-
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mation on these teachers’ conceptof a mathematical
solution, but other Interpretations of the evidence
turned out to be more interesting. Thisistrue, par-
tlcularly in view of the foregolng dlscusslon.

Situation 1, One problem w2s the following:
From a two-digit number, N, subtract the

number whose digits are those of N inter-

changed. If the difference 1s a positive cube,

how many permissible values of N are there?
However innocent this problem appears, it is not a
run-of-the-mlll problam. The method of approach,
that is, the Initial focus, is c¢riical. Practically all
of the teachers classified the problem as a ‘ ‘digit
problem.” All right; there are standard methods
for solving a problem so categorized. These were
applied; let t and u represent the tens’ and units’
digits, respectively; then

N=10t +u
a positive perfect cube = {10t + u) - {10u + 1),

Qulckly perceived isthatthe tried-and-true meth-
ods fall. There is no place to go from this point,
for at least two more equations are needed for them
to be successful. A small number of papers were
dlscarded because of errors In finding a slmpler
form for (10t + u) - (10u + t). It Is doubted that this
was fatlure of any strategy. Rather, such errors
seemed to be the result of haste or carelessness.
The remainlng papers fell nicely Into three groups.

There were those whose Initlalfocus was all
righi. These papers showed that the persons got as
far as

N=10t+u

x3=09{t - u)

x>0,

But, unfortunately, once they had made a focus, they
were not flexlble enough to change it when it led no-
where. The papers of these subjects were covered
with equations and tag ends of scribblings. They
formed only ane hypothesis - secure enough equa-
tions to solve for all of the unknowns. One might
categorlze their strategy as successlve scanning,
where there was just one hypothesls to scan. This
was done over and over by members of this group.
There was no change of focus withrespect to the
problam. Failure did not discourage themfromtry-
Ing the same hypothesls again and again.

The second group’s papers showed fewer scrib-
blings. There was hardly any writingonthese pa-
pers after the inittal symbolizing of the problem sit-
uation. Inferred from what evidence was available
was that these subjects realized that the initlal cat-
egorizatlon of the problem as a digit problem was
not quite correct, They seemed tobe flexible enough
{n their focusing on the problem to change thelir fo-
cus., It seemed, however, that they were at aloss
to formulate another hypothesis or another strategy.
A possible interpretation is that these people had a
limited concept of a mathematical solution. Geomet-
ric proofs and the results obtalned by solving equa-
tions qualified all right, but the result found by trial
and error or by a verbal argument did not.

Members of the third groupnotonly realized that
a shift In Initial focus was necessary but they also
had a better conceptlon of what constitutes a mathe-
matlcal solution. Some adopted astrategyof
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successive scanning, trying different pairs of num-
bers in succession. Others ciearly used conserva-
tive focusing, for they not only tried pairs of num-
bers but also took into account the positive perfect
cube datum. Those with the most elegant solutions
used a highly sophisticated conservative focusing
strategy. A few used focus gambling, but more due
to the pressure of time rather than to preference.

Situation 2. The second task presented to these

teachers was a stralght-forward geometry problem:
Find, on a straight line, a polnt such that

the sum of its distances from two given points

is the lcast possible.
The first step In any geometry problem is to draw a
figure and Introduce some notation. I more sub-
jects had followed this advice, there would havebeen
more correct solutions to this problem. As it was,
only one-sixth of the subjects were able to arrive at
a solution. Just as was the case with the algebra
problem, here, too, the difficulty was inflexibitity
with respect to the Initial focus.

Let us take the key idea of the problem, the sum
of the distance from two given points s the least
possible, and use it as an initial focus. Now,as one
proceeds to make a figure and introduce notation, he
must give

<3 3 3 >

Case 1

up this Initial focus for a moment and shift to focus-
Ing on the two given points. The problem says noth-
Ing about placing them; a decislonis required.
Three possibilities, or hypotheses, appear: Case I,
both points are on lines ; Case 2, the points are on
opposite sides of 2 ;

Ae
>
< 2
oB
Case 2
and Case 3, the points a.e on the same side of £,
oB
Ae
< >

£
Case 3

A shift of focus back to the least possible distance-
focus immediately takes care of Case 1 and Case 2,
for the shortest distance between two polnts is the
length of the segment joining them, Now, keeping
these results in mind, turn to Case 3 and ask ‘‘How
can T use this idea (the length of the segment)?’ A
faw moments’ thought suggests reflecting one of the
points in the line2 , ylelding point B'. Segment AB'

4B
Aa L T
< Z - D\‘é/ | >
\ C
\\La'

Intersects & {n D, and D 15 the desired point. Fou

triangte BDC is congruert totriangle B'DC, and
consequently BD = B'D. Therefore, BD + DA is the
least possible distance.

These two problems have emphasized the impor-
tance of initial focus. More tnan that, discussioncf
attempts at solutions made clear ho w necessary it
is for a problem solver to be flexible enoughto shift
his focus as the process of solving the problem de-
velops. In each problem, concepts related tothat
involved in the problems themselves were very im-
portant. It seems that, at jeast in mathematics,
knowledge of these subsidiary concepts is crucial to
success. The strategies uscd seemed fir st to he
that of simultaneous scanning with a transfer to con-
servative focusing after a promising *‘lead’’ had
been discovered.

SIMULTANEOUS OR SUCCESSIVE SCANNING?

The next problem situations are relatively inde-
pendent of initiat focus, depending much more upon
a choice of strategy. The mathematics curriculum
puts considerable emphasis today on a search for
patterns. The foliowing situations are of that sort.

Situation 3. Divide your paper Into three columns,
In the first column there is a string of letters, and
In the second column there is another string of let-
ters. Now, we shall use these two stringsof letters
to make a new set
K,LM,T,W,Z2 |LMTX,Y |
of letters In the third column, How were the letters
In the third column
K,L,M, T,W,Z IL,M,'r,x,Y | LM, T
cbtalned? Now, try to write the set of letters that
goes into the third
A,C,E,P,Q | ac,LrpeRs |
column for these two sets. Whatgoesinto the third
column for the followIng two sets

T,U,V,W | T,u,v,wW |

Here 18 another example, What would you write in
the third column?
S,AM,E | N0,7 |

Is it true that, given sets in the first and second
columns, there is always exactly one way to do the
third column?

What are the results if we Interchange the sets
in the two columns? Fill in the thirdcolumn and
compare the recults with what you got before.

LMT,X,Y K,L,M,T,W,2
A,C,L,P,Q,R,8 | A,C,E,P,Q
T,U,V,W T,UV,W
N,0,T 8,A,M,E

What did you {ind?
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Situation 4. Now let us form a third column set
In a different way. As before, we start withsetsin
the first and second columns. How was the
A.C,E,G,HJ | B,C,D,E,F,G,T | AN
third column set obtalned? Now, t.y to write the
third column set, starting
FAMLLY | EARLY |
with these two sets. J.et us try two more special
situations. Is it alv;ays

A,B,C,

D,E,F,G ‘
A,B,C,D

A,B,C,D

possible to obtaln exaclly one set, given sets In the
first and second columns?

Let us see what the res:lts are if we Interchange
the sets In the two columns, Conipare the answers
with those you had before. What can you say?

B,C,D,E,F,G,T | A,C,E,0,H,J
E,AR,L Y F,AMILL,Y
D.E,F,0 A,B,C
A,B,C,D A,B.C,D

We have worked with strings of letters lntwo dif-
ferent ways. That is, we used twodifferent pat-
'erns to obtain the det in the third column. Compare
these two patterns. Do they have the same proper-
tles? How are they difterent?

DISC USS!ON OF 8. TUATIONS 3 AND 4

The last two problem situalions are quite differ-
ent from the first two., Except that they were not
Quite str. lght-forwaid, the first two problem situa-
tions sar2 representative of the mathematics program
before World War 11. The last twn are representa-
tive of types of problems that a1ise in the new math-
ematics program. The algebra and geometry prob-
lems have for thelr objective getling an anawer. Af-
ter the answer has been cbtalned, there is little one
can & with it, except perhaps to refine the methed
of solution It is not 80 much that a concept I8 Inthe
process of being attalned as it is that pre-estad-
lished concepts serve as medlators in solving each
problem, Consequently such frobiems wouldberea-
sonabl: to present only after there was some evi-
dence that subjects had been at least exposed to the
necessary mediating concepts,

On the other hand, the third and fourth prodlem
sitzations are representative of sitvations intended
for seven- to nine-year-old subjects. The intent is
that through auch situations a foundation is laid for
attaining rather deep mathematical concepts - those
of closure and commutativity in this case. A battery
of situations of this sort can be devised that has a
bearing on ordinary arithmetic. Of tourse, letters
would not have to be sted. One could use the bays
and girls in a class, or colored counters, or baoks,
ot any other gort of material available, An effort
would be made to use materials appropriate for the
sge level of the class.

R i3 not ¢lear to the writer that mediating con-
cepts are brought Into play. Rather, it seems that

solving these problem situations requires use of a

strategy, one that is effectlve in atlalning concepts.
Pattern-problems such as these seem to yleld to a

successive scanning or a simultaneous scannlng

strategy. Or, one uses a combination of the two

strategies; simultaneous scanning for gross elimi-
natlons of parts of the strings of letters; and suc-
cessive scanning for determination of fine discrimi-
natlons.

TWO ITES OF RESEARCH

Important to tne mathematics program Is knowl-
edge concerning what types of data In problem situ-
ations present difflculties. Such knowledge influ-
ences yreparation of classroom materjals in two
ways. Learning experiences can be provided that
are intended to facilitate attainment of a concept,
and infor mation gleaned from research studies can
be used to schedule concepts sccording to age levels.

An attempt by one person to report on all of the
research studies conce-ned with problem solving
would b fonthardy. A bibliography is very long.
Two doccoral studies have been singled out for re-
porting. Omne reason Is to underscore the fact that
much relevant research gets lost or overlooked
through non- publication in journals.

POST STULY

In 1058, Post did an esperimental study of six fac-
tors involved In understanding problems. His sub-
jects were fifth- and sixth-grade pupils §n schools
in the Metroyolltan New York section of the country.
The definition of a problem Inthe study was “'a quan-
titative situation detcribed in words ... but fnwhich
the arithmetical operations that lead to the answer
to the question are not expiicitly Indicated’’ (Posat,
1958, p. 15). The six factors were: 1) sirecfrum-
bers; 2) superfluous numerical da:a; 3) familiarity
of setting; 4) number of steps; 5) type cf operatlon;
and 6) symbolic terms,

Factor 4, number of steps, requires some words
of explanation. Post defined a two-stepproblem
and a three-step problem aa {cliows:

A step in a prodlem solution ... was a
simple performance of o.¢ of the four oper-
ations of additlon, subiraction, multiplication,
and divislon. Therefore, a problem Is (a two-
ttep problem) Il and only if the solution of the
peoblem requires a single performance of two
different operationt or two performances of
the same operation (Post, 1958, p. 30).

A three:step problem is defined in a similar way.

Factor 6, symbolic termr, referstothe queztion
of whether using a name for a number such as
“twenty-six" in place of **28" interferes witha sub-
ject's abllity to solve a problem. The names of
the other factors are sel-explanatory.

Two forms of a test were prepared by Post; these
{orms were judged equivalem by » jury of enperts
and then lested turther in a pilot study. Familiarl ¢
of setting and pon-familiarity of setting was obtained
from an inventory of such settings suggested by ele-
mentary-echrol feachers. This informationwas
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supplemented with evidance obtalned from the pllot
study puplls.

The etudy design was such that an analysisof var-
fance technique could be used. The error term
“‘was composed of the unconfounded four- and flve-
factor inleractions as well us the six-factor inter-
action’ (Post, 1958, p. 85). The two forms of the
test were treated as two replications of the same ex-
periment, for examination of the test results {rom
the two forms led to doubt that the data from them
could be comblned. The schools representedtwodlf-
ferent s0clo-economic neighborhoods; the subjects
were chosen from non-homogeneous classes; and
small sample theory analysis was used. Correct-
ness of solution was determined from examiaation
of the work wrltten by a pupil rather than from the
correctness of the answer. For example, a pupll’'s
solution might be categorized as correct evenifhia
answer was incorrecl. Anoher way of saying this
is that errors In arfthmetic computation wer e dis-
regarded.

A hypothesls was refected if the results from
toth forms of the test indicated rejection; It was ac-
cepted, similarly, U both forms Indicated aco € pt-
ance. No conclusizn could be stated U cne form In-
dicated rejection and the other for m indicaled sc-
ceplance,

The hypotheses on the factors of slze of numbers
and number of stepa fell In the no conclusion cate~
gory. Sof{ar aa the latter {number of steps) is con-
cerned, it miglt have been that there was a strong
intersction between number of steps and type of op-
eration, for the hypothesls concerning the latter was
rejected &t the one tenth of one porcent level of sig-
nificance. That s, problems Involving multiplica-
tion and division were found to be more difflcult for
the sample subjects to understand than peoblems in-
volving sddition and sublraction.

Hypotheses rejected were those concerning super-
fluous numerical data, familiarity of sett!ng, and
the already zaentioned type of operation. The hy-
pothesis concerning syinbolle terms was accepted.
In short, expressing numerical data in words or in
digits had no effect on pupil’s understanding of such
peoblems,

BECHTOLD §TUDY

The 1983 study of Bechtold consisted of a compar-
1son ul an experimental group with a control group
in which the fretmer recelived instruction 1n work
»ith prodlems containing superiluous data and the
latter 4id A, Two unlts from the ninth-year pro-
gram, ineq.alities and applications of equatlons to
falling body problems, were chosen for inatruction
and lesting. The subjects were 14- t0 15-year-old
students In New York City snd the surrounding Met-
ropolitan reglon achools.

The hypothesis that instruction in handling prob-
lems containing superfluous data (ia both lnequility
and falling dody reoblems) had no effect on develop-
ing prodlem- solving sdility was rejected st the one
percent level of sign¥icance. The results with re-
spect to vazlables of sex, Intelligence, and age 1n-
dicated no signiicant differences with respect to

sex and Intelligence. The data indlcated, however,
that younger students seemed to benefit more from
instruction than older students.

RELATION OF THE POST AND BECHTOLD
STUDIES TO CONCEPT ATTAINMENT

It (s clear that if there is such a thing as a con-
cept of problem solving, then it 18 a very complex
concept. Moreover, success with problem solving
s dependent upon mediating concepts that in them-
selves are complex. The studles of Post and Bech-
told, for example, underscore the importance of In-
struction, of exposure of pupils to many diflerent
sorts of problems or learning experieaces in order
that they have opportunities to atiain necessary sub-
sidiary concepts.

The fact that famitiarity of setting and superflu-
ous d2ta were significant factors in Post's study
seems to indicate that puplls may have had no pre-
vious encounters with such problems. Hence, they
would have had no opportunity to form a concept of
such problems, that 18, to categorize them and de-
velop stratcgies to use In thelr sotution, Since mul-
tiplication and division In problems turned out to be
significantly more difficult to understaod than addi-
tion and subtraction, one infers that pupils do not
conceplualize the former ss well as the latter. It
may be that the methods «f teaching used with mul-
tiplication and division failed to developfir m con-
cepts. As aresult, pupils were unsureinthelr cat-
egorizations when thege operations were present in
problems.

Bechicld established that instruction in how to
handle problems contsining superfivoas data led to
greater success with such problems than thatof a
control group ~ at least for ninth-grade algebra stu-
dents. A teacher s prone (o exirapolate from this
evidence and conclude that such instruction, appro-
priately designed, is good for almost all age levels.
Although the study does not represent concluslve
avicence, still it 1s encouraging In that statistically
significant di’erences resulied. 8o often an exper-
iment ttat compares two peocedures b instruction
ends with one group doing about as wellasthe other
on tesis; there are no statistically algs Hicantdiffer-
ences in the two sets of results. The unexpected
significant differences in Bechtold's study leads one
to go beyotd the statistics and say that experience
with the ¢nalysis of problems with superflucus data
significantly affects outcomes.

From the definition of a concert given at the be-
ginning of this paper, one sees that a pe son does
nck form a concept Just through maturation. There
must be experiences in his eavironment that make
his atlempts tounderstand the environment loo com-
plex unless be forms classes -~ unleas be concepia-
slizes. This is particularly (rve of mathematics,
one of man’s sophisticated invzitions. Perhaps a
child develops 'maturally'! some concept of count-
ing, even laventing his cen aames In some in-
stances. But as there are encountered larger and
larger groups, the effort totemember pumber
names becomes too much, and, if historkcal evl-
dence 1s valid, there Is a turnisy. towatd forming
classes, groupings, and a pumera’ system s bora.
From this point ¢n, present day culture dictales
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that Intensive exposure to & varlety of experlences

must leap-[rog the historical patternof development
{in mathematics. These learning sltvatlons cannot

be left to chance; they must be grovided; andthey

must be plarned carefully. Experimental evidence,
both in the fleld of psychology ~ learning theory -
and mathematical education, furnishes guidetinesfor
such planning. Inturn, experimental evidence af-
flrms ot denles that the planning is elfective. The

Post and Bechtold studies are examples of thls two-
pronged approach to a mathematics curriculum,

SUMMARY

So it is that human beings tend to deal with
classes of things Instead of Individuals in order to
make some sense out of their environment. Byform-
ing such classes cognitive strain 18 reduced as well
a8 the burden on memory. To form these classen,
or calegories, or sets, a person looks {5t cues, ot
if you like, for characteristics that serve to distin-
guish things eliglble for meindbershipinthe set from
those that are not cligible, The polnt is that these
categorizations are Inventions, and this is particu-
larly true In a complex body of knowledge like math-
ematlcs,

To solve a problem {n mathematics, subsidlary
concepts serve as mediators. Althoughinitialfocus
and type of strategy have important roles, an indi-
vidual will have litile success in prodblem solving un-
less he has a firm grasp of the mediating concepts.
Mathematical education speaks in termsof a student
mastering a concept 80 that it Is a part of himself;
a psychologist would speak in terms of a student in-
ternalizing a concept. No matter what language one
vses, it is certain that some of the failures in math-
ematics instruction are due to an instructor assum-
ing his students have understood a mathematicalcon-
cept at & high level of operational thinking when in
reality they have a much lower level of mastery.
They cannol apply the concept in ko unfamlliar set-
ting. As experlmental evience accumulates from
investigations of how people learn and from studies
in a curriculum context, mathematical educators
are on the one hand becoming more cautious and on
the other more daring. /., plying the evidence, they
have changed the content of the curriulum and re-
duced the amount of pure drudgery thatused to be
the 1ot of every mathematlics student. Assessing re-
cent evidence, they have some doubls whether all
stadents master the early Inlruduction of concepis.

Already said 1a that people categorize the things
in thelr environment. A categorization might result
in an inftial focua on a problem. fThen certa'n hy-
pothesea are formed that are related to this Initial
focus. Decistons on these hypothesea serve to val-
idate the hypotheses.

The sequence of decisiona made by the per-

800 en roate to attaining the concept [ which

may be a problem solution or a patters) ...

may be regarded as a strategy emdodying
certain objectivea, These objectivea may be
various in kind but in general one may distin-
guish three kinds of objectives: £ to max!-
mize the infor mation gained from each decl-
sion and test of an instance; b. to keep the
cognitive atrain involved In the task within

manageable or appropriate llmits and certainly
wlthin the Him'ts imposed by one's cognltive ca-
paclty; and ¢. to regulate the risk of failing to
altain the concept within a specifiable time or
energy limit, .. (Bruner, et al., 1956, p. 234).

In the examples presented of problem solving or
n{ attaining a concept in malhematics, the idea of
inltlal focus and flexIbillty with respect to one’s fo-
cus I8 of great importance. After isolating a key
idea in a problem, a student has a choice of strate-
sles - simultaneous scanning, successlve scanning,
conservative focusing, or focusgambling. A skilled
problem- solver probably uses a combination of 81-
multaneous scanning and conservative focusing. A
beglinner I8 likely to use successive scanning. If
time harasses a problem-solver, there is nothing to
do but turn {o focus gambling as a strategy. Thesit-
uation and the indlvidual (his own experlences, bat-
tery of concepts, and psychological make-up) deter-
mine which strategy will be used.

The Investigations of Dienes {1963} atHarvardas
well as that of Dicnes and Jeeves (1065) in Australia
lexn heavily on the work of Bruner and Piaget. How-
ever, thelr work goes beyond that of their predeces-
sore, making use of new research results and sug-
gesling refinements of the theory of learning upon
which Bruner based his work. An dea that Dienes
and Jeeves, separately and together, experimented
with I8 the development throuwgh ‘‘mathematical
games'’ of the concept of isomorphisinof structures.
Involted here ia the recognition of patterns and no-
ticing the similarity between two sets of data and
the structure that can be applied to both.

Suppes (1965) has done a great deal of work with
the major empnasis on learning modelsfor relative-
1y non-complex mathematlcal concepls. He charac-
terizes his vork by saying that it is basedupon a
stimulus- sampling theory. Anlnterestingassertion
is thal the hypothesis-strategy language of Bruner
and his assoclates can be related to stimulus-sam-
pling terms: ‘... a strategy ... corresponda pre-
cisely to a state of conditioning and & hypothesis to
the conditioned stimulus aampled on a given trial
«oa " {Suppes, 1985, p. 65).

Some psychologists doubt the value of a mathe-
matlcal psychology approach to models for human
learning, but there i3 no disagreement Lhat much
work heeds to b2 done with complex concefls in or-
der t5 learn more about indlividually different ap-
proaches to attalning n.athematical concepts, Mean-
while, the mathematical rducator mates use of
available knowledge, apgilea It aa best be can to the
mathematics program, and gathera experimental
evidence lo see the effect. R fa Impossidle to wait
untll definitive psychological reaearch on learning
has been done, for the curricelum exists and must
be modified to fit twentieth century activitiea. One
implication is clear: new psychological evidence
should be brought tobear onthe curtitulium as
quickly aa possible. Tisinthe latter dlrection that
mathematical education is turning.

NOTE: Situations 3 and 4 are modeled after almilar
materials that appeared in the Nullield Foundation

Mathe matica Teu&lgx‘ Project Bulletin No. 1, Nov-
ember 1964, pp (-1,
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IR Instructional Materials and Media

THE MEDIUM of instruction can be considered as the inlerface between
the learner and the subject matter being learned. It necessarily affects the rate of
learning and imposes limitations on the scope and sequence of the instructional sub-
ject matter. Instruction by television has been criticized as impersona! and encouray-
ing passivity. Yet, according to Wilbur Schramm in ""Instructional Television Around
the World'' instructional television can, when properly used, provide for active
learning experiences. In a series of case sludies, Schramm reports on the use of
television in widely varying sections of the world—from the affuent suburb to
the developing nation. Properties and attributes of the media are discussed with
reference to the school system, the teacher, and the student. Television is exam-
ined as a potent mechanism of change. Schramm concludes that this medium
works best when it is integrated into an instructional system which includes special-
ized materials, activities, and teaching tec'iniques. But the key to the system is
a local supervisor through whom students can interact with one another.

Research dealing with the process of insiruction is examined by Arthur
lumsdaine who points out that problems associated with instruction are in fact
inseparable from problems dealing with learning. The close relationship between
tesearch on inslructional media and the more general field of basic psychology
of learning must be understood by persons purporting to do research on instruc-
tional media. Among the general areas identified for tesearch on the effects of in-
struction is the 'far underdeveloped tesearch field of consiructive and imagina-
tive ottempts to improve on the basis for determining what ought to be tought.”
lumsdaine argues that determining the effecis of present instructional media should
precede the “"more elegant question of what specific variobles account for these
effects.” He tokes the position that eflective insiructional media are a prerequi-
site o meaningful basic research on these medio. This implies programs of devel-
opment before research and suggests a basis for priorities in research and develop-
ment, *Only when something effective has been developed, do we then have an
adequate tool with which to conduct uteful research."”



The question of cost efficiency which is usually not considered by
educators is explored. Such efficiency frequently implies a measure of the level of
proficiency achieved for a given effort with, as lLumsdaine suggests an approach
in which the time required to achieve a given minimum level of proficiency is used
as the dependent variable. Such a proposal has significant implications for the
design of instructional objectives and instiuctional research as applied to selected
subject areas.

Lumsdaine concludes with a discussion of the standards or lack of
standards used in the design and reporting of research studies dealing with instruc-
tiona! media.

Moiching the instructional strategy to the capabiliti's of o learner re-
quires a tutorial model of instruction. Lawrence Stolurow proposes an instructional
systam in which methods and materials are individvalized for the learner on the
basis of the continvous matching of methods and materials with the aptitude,
personality, and knowledge of each learner through the use of feedback conlin-
gencies both prior 1o and during instruciion. Such individvalization can be achieved
only in Computer Assisted Instruction. Stolurow summarizes a general idiogrophic
contingency model of a cybernetic, compuler based instructional system called
SOCRATES. "It {this model] is based on the assumption that individualized instruc-
tion should take a prescriptive-corrective approach to the use of psychological
infermation in making decisions about teaching in a tutorial context.' The logic
of instruction i: delermined according to ceriain rules whose application is ¢con-
tingent on variables monitored throughout the instruclional sequence. Results
based on the idiographic model are presented with reference 1o the kinds of de-
cisions made in individualizing instruction via the computer,
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wmen [nstructional Television

Around the World

WE HAVE now iInhand th2 largest
body of comparable and detailed data yet assembdled
on Instructional televiston throughovt the world:
twenty-three case studies of the use of new educa-
tional media In eighteen countries, most of them in-
cluding television.! I will review three of these
cases in some slight detall, clte 2 few others, and
then try to sum up what 1 thiak the studies say about
the requirements for vsing Instructional television
eftectively.

One point | shall not belabor g that tnstructional
television, used well, clsarly does work. It works
over a wide spectrum of tasks and a varlety of site-
ations. Nt works in developing c.untries and coun-
tries that are bighly indusiria’ized. R works some-
times very well and sometimes ordinarily. To tllus-
trate what these cases say adout how it works and
under what conditions 1t appears to work well, twlil
enumerate three instances.

USE 1 SAMOA

The story of insiructional television in Samoa
really begina with the appointment of a tough, deter-
mined, little governor, H. Rex Lee, In 1981, buttie
whole story fa 60 years older than that, and deals
mostly with American neglect of o wards on the
Samoa Islands. The school system was 0..'p one
symptom of (hat neglect, bt 3t was a vivid one.

The United States had committed itoelf to offer-
ing Samoans an education ejual in every way to that
on the mainland. Yel the Samoan schools were In
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one-room, open fale huts, where two ¢lasses com-
peted with each other, fortissimo. The Instruction
itse)f was the mos!t traditional rote learning. 1 have
been in these village schools and have heard the kind
of choral chanting that one becomes accustomed to
in primitive schools throughout the world. The stu- .
dents repeat back - ¢hant back ~ what the teacher
gives them; indeed, this is the only kind of teaching
possible when the teacher §s untrained, little edu-
cated, and not at ali confident of his graspof the sub-
fect matter. He doesn’t dare encourage questions
or let the students wander away on thelr own intel-
lectual excursions. The teacher pays, *“Class, what
am 1 doing **

Like one, the class chants back, *“You - are-
standing - on « the - mat. '’

"*Class, what do 1 have in my hand ?' the teacher
questions.

“'You - have - ¢ - plece - of - chalk,”’ the class
replies.

Once | rose, smiled a8 disarmingly as possible
at the teacher, and said ''Class what am | doing ?’

‘“You - are - standing - on - the - mat, " they re-
sponded promptly, although § was far away from the
mat

i picked vp a book. This pureled them; they could
see It wasn't chalk, ‘What do ] have In my hand ?’

One boy ventured: *‘You - have - 2 - plece - of-
chalk. '

They were quite unable to generalize much upon
the responses they had iearned in thelr educational
catechism.

The results of this kind of thing were predictabdle.
The achools were supposed to be the equals of main-
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land schools, but chlldrengraduated from the
twelfth grade testing on the average from [1{th to
ninth grade In different subjects. The teaching was
supposed to be in English, but little of it was, and
many of the teachers could not speak the langusge
undersiandably. The content was derivative f,om
malinland texts, and so the chlldren learned their
read!ng vocabularles from accounts of commuter
trains, mllk men, and snowball tights. I saw one
elementary-school ¢lass belng drilled to remember
that ““The ‘Mcna Lisa'isin Milan, '’ aithough the sig-
nificance of that knowledge to a Samoan ¢ hild was
not immediately obvious. Andover everything hung
the pall of traditional rote Instruction.

Now, how do you transform 2 traditional school
system llke that, In a few years, into a modern
problem- solving, inqulring school system? How do
you live up to the promise and plan to teach ia Eng-
lisn, with 50 few English mudels? That §s the prob-
lem Governor Lee faced, 1 am beggingthequestion
of whether the level should have beenraised Ina
few years, rather than a century; whether it wasim-
portant to have English well taught and wellused;
whether an excellent 12-grade school system was
what Samoa most needed. Butglventhat policy goal,
how would you proceed?

What were Governor Lee’s alternatives? He
could replace all three hundred Samoan teachers
by qualifled teachers [rom the mainkind, [f he could
recruit them. But this would have beena politically,
psychologically, and ethically impossible soluticn.
He could dring in perhaps one hundred teachers
from the mainland. This would displace less than
one-third of the native teachers and stirup less
troudle, but would run head on against one ol the
oldest Samoan norms - that allgoforward together.
He could Institute a greally Increased teacher pro-
gram. But this would require sending prospective
Samoan teachers to the mainland for some years -
lest they merely perpetuate the quality of the old
school system ~ and its effect would not be fek for
perhaps 15 years. Or he could use televinlonto
thare a small amount of expert teachi g over many
clasarooms. And this is what he decided to do.

But television itself was not erough. The people
who studied the problem saw very soon that what
they had to ¢reate was really a new teaching-learn:
ing system. They had first toconsolidate the
schools and provide adequate learning corditlons.
Then they had to create a sort of teaching team, in
which an excert teacher would give the core of the
curriculum by television and a native classroom
teacher would be taught to build a context of learn-
ing actlvities atound the broadcast; and stillanoiher
teacher woull prepare study materials and exer-
cises to fit tnto the plan. Make a mental note of
this, because the same conclusion Is being reached
all over the world ~ that whereas puptls lestn a
great deal from televizion alone, they learn a great
deal more when it ts bullt into such ateaching-
learning system as ! have described. Nowhere In
the world s television being used entirely alor2
and effectively for any major instructionaliask, Al-
waye It Is integrated into some kind of systemin
which the studio teacher, the claseroom teacher,
and sometimes others cooperate In slimulating the
maximum amourt of learning activity in the students,

Governor Lee persuaded Corgress that our neg-
lect of Samoan education should be repalred. A re-
markable installation was built at Pago Pago, oneof
the tinest instructional televislon Installations inthe
world, with six open-circuit channels, tenvideotape
recorders, transmitters on a mountain top, and tel-
evision teachers, englneers, and producers re-
¢rulted from the States. Ciasses began to move in-
to the new school buildings in 1964, and television
began o carry the burden of teaching beginning
In the autump of that year,

How 1s it working? What evidence is there that
television ¢an rajse a priinijtivetoa modernsystem-
Beeby's (1966) Class 1 and Il schools to his Class
11 and IV schools = in a short time?

The evidence isn't alt in, yet, but the signs are
encouraging. The Samoan elementary schools are
working very well, Indeed. Thechildrenare speak-
ing much more and much better English. The tele-
vision classes are llve and active; the pupils talk to
the teacher and answer her questions just ag though
she were In the rcom. There is much less rote
practice. Children are asking Questlons. Some
schools are making barometers and undertaking
other speclal projects. 1 sawone sixth-gra .eteach-
er bring in a lixard for tne class to study. They
talk d about the little beast, what he ate, wlo ate
him, and * orked around to the balance of nalure.
This could not possibly have happened cnly a (ew
years ago. 1can't saythat the highschools - which
are using, mistakenly or not, very large classes~
are working as well as the elementary. But on the
whole, it is a very encouraging and hopeful experi-
ment, one that is worth watching.

Pause briefly, before we review the next case,
to reilect ¢n what seem to be the basic elements of
the Samoan case: a problem, large, urgent, im-
portant enough so that many groups can rally to
solve It; adequate support, administrative and [i-
nanclal; and the introducticn of television, not as a
separate clement, but as a part of a teaching-learn-
ing system Integrating all the teachers and all the
classroom aclivity.

CASE 2: HACERSTOWN

Letusturn now from the fale huls and palm
groves of Samoa to the green flelds and active in-
dustries of Maryland. The Unalted States experi-
ment most often linked to Samoa Is Hagerstown.
Most of you are famiiiar with this system, avd 1
shall not enumerate what you more than likely al-
ready know about Ht,

As you probably know, there were three ¢ hief
reasons for introducing television into the Washing-
ton County school system, centeringonHagerstown.
One was that achool officials were anxious to make
expert leaching of art, music, and science availadle
throughout the elementary schools, and to offer cer-
taln advanced courses, such as college-level math-
emstics In high school. To do this withresident
teachers woukd have added a greatdealiothe budget,
ard would have presented severe recruiting prob-
lems, Therefore, they wondered whelher it was
not possible to share expert teaching in these
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subjects by means of television, at a lower cost,or

al least no higher cost, thanby hiringthe necessary
speclalized teachers. Inthe secrnd place, they
wondered whether In the coming years of expanding
enroliments there would not be so me advantage In
designing schools, not with many rooms about the

same size, but rather with a ceniral large room or
rooms [or viewing televised classes, and a number
of small rooms around the perimeter of the bullding.
And, flnally, tinancial help was available = $1mil-
fon from the Ford Foundation and over $300, 000 in
equlpment from manufacturers.

This was In 1956. Hagerstown decided, as did
Samoa later, that It needed the equivalent of six
channels to teach the core of an entire curriculum.
Because open-circuit channels were not available in
that number at any one polnt In the United States, it
was decided to go closed-clrcuit. Coaxialcables
were leased from the telephone company, and ex-
tended gradually over the next few years to every
school in Washington County. For more than a half
dozen years, row, every student Ln the system has
rec :ived the core of his curriculum from television.

In Hagerstown, as in Samoa, & studlo teacher
and a classroom Leacher operate as a team to teach
content previously decided upon. The studlo teach-
ers are chosen from the regular teaching corps of
Hagerstown, and are changed frequently. Becaute
all the teachers in the system are qualified andwell
trained, there has been less ditficulty, Inthe Hagers-
town than in the Samoa experiment, ingetting the
classroom teacher to play his new role expertly.
But two elements are generally credited with the
smooth transition in Hagerstown fromtheolder plan
to the televislon teaching team. One of theseis the
firm support glven the project by Superintendent
William Brish. In a sense he played the role 'n
Hagerstown that Governor Lee playedinr Samoa. The
second 18 the insisteace throvzhout on Involving as
many teachers as possble and thus reducing the
potentlal threat of the new methed., Only about 5
percert of all the Hagerstown televisiun teaching is
taped, and very little of it 1s brought Infromouteide,
Thus teaching on television Is treated as anordinary
tunction of team teaching, not specially rewatrded,
and passed around among promising candidates,

A considerable amount of rescarchhasdeendone
at Hagerstown, and some of the results of introduc-
ing television have been spectacular, Remember,
now, that this is not a deprived school system, nor
was it in 1956, R isaratheraverage Amerkan
system. But in Hag:rstown junlor high schools dur-
ing the first {our years of television the average
performance of students on a standardized test of
arithmetical concepls rose from the thirty-first to
the eighty-fourth percentile, measured against na-
tional norm#, and on a standardized testof prodblem
solving it rose from the thirty-thirdtothe sixty-
eighth percentile. Inother words, before television,
two-thirds of the junfor-high-achool puplls of the
country scoted above Hagerstown ehildren on these
arithmetic tests; after television, two-thirds ecored
below Ragerstrwn, Bnthe fifth grade, during the
first year of television teaching, the averags Hacers-
town pupit gained 1. 9 years, rather than the one
year represented by national norms. Intheyear
before television was introduced, every one ¢f the
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grades three through slx averaged be low national
norms in arithmerlc. Within 2 years, each grade
averaged above the natlonal norms. Wehave spoken
only of arithmeifc. Not all results were as goed as
these, but the gains were by no means limited to
arithmetic. Perhaps the most significant verdict
was turned In by the school board of Washington
County who, In 1960 when the Ford grantcametoan
end, studied the results, gave all teachers and ad-
ministralors a chance lo express their opinions
anonymously, and then voted without a dissenting
volce to take over the approximately $600,000 annu-
al cost of the television In their own budget.

CASE 3: NIGER

Botn Hagerstown and Samoa, one might say, prof-
fted by Amerilcan know-how In television. Suppose
now we turn to & country that has had little or no
help from the United States in televislon. Niger has
only sixty-aix fully qualifled teachers - meaning
teachers who are secondary school graduates and
have had teacher tralning. There are sorue hundreds
more wht have had the equlvalent of junior high
schen! education, and still inore who have had only
5or G years in school.  But there is sdll no hope
for adding to the resource in highly etucatcd and
trained teachers until the country's higher priority
needs for educated people have been met. This cre-
ates an extremely difficult situation because Niger,
which has had only betwean 5 and 10 percent of Its
school-age children in the classroom, is now trylng
to double and soon to triple its school population,
and especially to strengthen its secondary schools.
The problem was, then, how to {ind the necessary
number of skilled teachers.

Acting with the advice and helpof the French
eovernment, Niger developed a planfor using expert
teachers In the studio and monitors Inthe classroom.
Unlike Samoa and Hagorstown, which began with all
the elementary and secondary grade s at the same
time, Niger began with the first grade, It began
very cautiously, In fact, with only two schools, and
with closed-circuit television. By the timethecoun-
try's new open-circuit television station went on the
air, the first-grade experiment had shaken down,
and the television was expinded to the second grade.
The plan is to add one grade & year,

Like Samoa and Hagerstown, Niger has found it
works best to create In effect a teaching team in the
studio and the classroom, and like Samoa it has
found that the wealkest link in the team Is the class-
room teacher when that individual is not adequately
trained. Using elementary- school-trained monitors
in the classroom, the supervisors of the Niger pro-
ject have tried short in-service training couraes,
and have decided more intensive specialtralning
is needed. One of the ways Samoa tried to solve
the problem of helping the relatively untrained class-
room teacher to learn his new role wasby putting in-
to every school an American principal, who worked
with his teachers and terved teally as a supervisor,
They also brought all the teachers to a six- week
summer workshop each year, and conducted dally
in-service tralning by television, No easy way has
been fcand anywhere to solvethis nari'sular prodlem,
but it has reappeared again and again in developing
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countries where Instructional television has been
Introduced,

One of the distinctive features of the Niger exper-
iment has been the contlnuing presence of a three-
man research team suppiied bty France - a psychol-
oglist, a soclologist, and an ethnologlist. These pco-
ple are studylng very closely the effect of televislon
teaching on African children who have never before
seen television, and, most of them, have never be-
fore spoken French, which Is the language of instruc-
tion. Their psychological and cultural reports are
not yet available, but they have measured the learn-
Ing results of the first year. As might be expected,
the results were better In some subjects thanothers,
and somewhat better for children who were a year
older than the others. But as a whole, the televi-
sion classes averaged well above the average per-
formance of non-television classes. We must say
of Niger, as of Samoa, that all the evidence has not
come In, but the outlook is highly encouraging.

SOME NOTES ON OTHER CASES

We will deal with several additional cases Ina
more briel mannet.

You have noticed that In all three of the cases ]
have mentioned, generous financial help was avall-
sble, and In the case of the twodevelopirgcountries
expert counsel was 2150 freely offered. What wout}
happen now (I a developing courdry tried to go it ol
itt own?

It isn't ® recommended procedure, but ithasbeen

done. It was done, for example, in Arequipa, Peru.

In that high Andean city, a group of school teachers,
members of a religious discussion group,decided to
uvndertake a community project. Looking around
them, they saw that hundreds of children were un-
able to galn entrance into the schools because of
shortage of places for them. Hundreds of others
had left school after 3 or 4 years. They decided to
bLegin with & group of the school-leavers who had
gone to work as domestic servants. Suppose that
the employers of these children would tet them watch
television an hour a day, they sadd. And suppose
that the proprietor of a smalllocal television station
would give some free air time. And suppose that
we were to 60 the teaching, and could get help in
preparing learning materials. Well, alj these things
can.e true. Although with some objection, the em-
ployers let their domestic servants watchtelevision;
the station oftered up Lo three hours free time; the
teachers donated thelr time; the priest whowashead
of the discussion group supervised the cutrriculum,
And a televislon school tor school-leavers went on
the air without a single pald employee. Since that
time, the profect has immensely expanded, now has
a government contract and some paid employees,
and offers a varled group of out-of - achool ¢ourses,
adult courses, and o forth, it haa beenalmost
fiercely local, resisting rather than Inviting outside
sdvice and help, and this has not been wiolly to Rs
advantage. But at least the Arequipa story thows
that the do-It-yourself spiritis not entirely missing
from instroctional television tn the new countries.

We have reviewed several uses of instructional
television in school. The Arequipa project was
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mostly for out-of-school use, There hase beena
number of other projects of that kind, aimed at ex-
tending educational opportunities oeyond the school -
for 1astance, Telescuola which provides secondary
education for Italtan children who do nct have sec-
ondary schools in their areas; and the C..icago Jun-
lor Cotlege which for nearly 10 years now has of-
fered a complete junior college curriculum by tele-
vision, with the home television students doing con-
sistently better than classroom studentsonthe same
examlnations. “Television has beenused tohelp
teach literacy - in places like t.2 Ivory Coastwhere
it has heiped to traln native workers to read, write,
and speak French, and do simpie arithmetic sothat
trey could be made middle-level supervisors; and
In 1taly where about 15,000 adults annually register
to study reading, writing, and arithmetic, with the
aid of the famous program series, ‘*Never Too
Late,"" The trend of the evidence in literacy exper-
iments, though, is that, whereas television can as-
sist greatly by providing visual material, by moti-
vating a group, and bringing a certain amount of ex-
pectness, the real key to what happens lie s in the
ability of the group supervisor, A straw In the wind
Is that Italy, which at first used only monitors In
its viewing groups, now usescertificatedteachers -
usually working outside school hour s - for that pur-
pose.

One more note: from almost everywhere instruc-
tional television has been used comes word that it
I8 an excellent vehlcle for in-service teacher train-
Ing. The mere example of excellent teaching tele-
vised into a teacher's own subject is itself effective.
As some observers in Samoa remarked, this may
have been the first time that some of the native
teachers had ever seen a well-made lesson In their
own grade level and tield. Furthermore, to prepare
the teachers for teaching an urfamiliar subjecto:
method, like the new math, television has proved
an excelient In-service training tool. ft was used
for that purpose In Colombla, for exsmple, and the
results were carefully measured. The amount of
learning was very high, but with teachers as with
pupils the total amount depends greatly on what hap-
pens on the receiving end. That is to say, whereas
a considerable amount was learned from television
alone, & great deal more was learned if the teachers
met in groups and discussed the broadcest lesson,
and still more U the groups had competent snper-
visors o direct the discussion.

We have said enovgh now to indicate that instrue-
tional televison, used well, can contribute toward
the solution of a great varlety of educational prob-
lems ~ the need to raise inetructional tevel quickly
without a teaching corps adequate for the purpose,
making up for the scarcity of specialized or highly
tralhed teachers, extending the school beyond its
physical boundaries, helping to teach adult literacy,
and providing in-service tralningfor teschers. This
is not, by any means, to say that it always works
well. Lcould cite some very disappointing stortes
to balance the encouragirg ones | have mentioned.
But { believe we know enough now to advance a set
of propositions as o what are the conditions under
which it Is likely to work effectively. Let me sug-
st some of these.
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CONDITIONS CF SUCCESS

(1) A problem.

Alter twenty-three case studlos, I devoutly hope
that the next time someone comes to me for advice
on Instructional television, he comes witha problem
und not with a plece of technology. This i« why
some of the more spectacular examples of ase of
televislon for teaching have come Indeveloping
areas llke Samoa and Niger, Colombiaand Feru. In
those ¢ases the problems have been so challenging
that It has been possible to think boldly of new ways
of solving them, and to get sufliclent support bekind
the effort. 1 think it Is fair to say that most Amerl-
can school systems have not felt Quite that order of
need for television, It ls likewise true that most
Amerlcan schools whicls have trled television have
been the schools that needed it least. Perhaps not
until we turn the power of Instructionaltelevisionon
our deprived schools (which are to be found on tt e
malnland as well as in Samoa and the Trust Terrl-
tories), or to meet the likely expansion of schooling
from ages 3 to 20, with thirteenth and fourteenth
grades appearing In every city ot over, say, 15,000
people, will weourseives be challenged to use
the medjum to its full capacity.

{2) A_teaching-learning system,

tnstructional television hasn't worked well when
it has been used like films - at the option and at the
time of particular need felt by the teacher. Perhaps
aome day when we have enough fnexpens've vides-
tspe recorders in the schools it may be i=aslble to
use it that way. But the way it has worked most ef-
fectively, whether in developing or developed coun-
trics, Is when it is integrated into A teaching-learn-
ing system - not when it 15 used alone, or whenitls
used as an optlonal visual ald. Thisrequirea the
teacher In the classroom lo learn a new role, and to
many teachers at first thie role may be threatening
or uncomfortable, This has been the source of most
teacher resistance, where It has occurred. But ex-
perience indicates that the role need be neither
threatening nor unpleasant; in fact, It may be more
satisfyng than the role of being the only teacher Ir.
the classroom and in complete cormmand of every-
thing that happens there. And onte the transition
period has been passed, both tescher and student at-
titudes toward the new wayof teaching improve atead-
{ly with experience with it. The experience of work-
ing In a cooperative leam of aludlo teacher, ¢tass-
room teacher, materials expeit, and othersasreed-
ed, can be a most salislying one, once the ro.ea are
learned,

I would llke to digress and suggest that one of the
ol stereotypes aboun television teaching ~ that it is
& passive experience for the puplls ~ isdestroyedin
every place where Instructional television | 8 being
used effectively, The classea are extremely actlive.
The puplls ta:k to the teacher on the tabe, practice
as direcled, answor the teacher’a questions, pay as
close attention, and, In elementary schonls at least,
seerm o enjoy the experience at least as much aa
with face-to-face instroction, The television-tesch-
ing-team is not an encouragement to passirity, but
sather an opportunity to stimulate learning activity.
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(3) Support,

Any Innovation needs support. Instructlonal tele-
visior, which is expensive and somewhat dlsruptive
to old roles, and which requires obediencetocentral
schedules, needs it especlally, Governor Leein
Samoa, who was strong and determined enough to
meet the resistance he encountered fromcertaln
malnland teachers who dld not believe In television;
Superintendent Brish who was firm without belng
rough; the President and other chief officials of Ni-
ger who quleted some incipient uneasiness by them-
selves coming 1o visit the experiment - this kind of
support is priceless in the Infant years of Instruc-
tional television. And beyond that, the financlalsup-
port necessary to have an adequate technlcalservice
and an adequate nucleus of skilled personnel, s
a gine ?ua non. The magnificent technical equip-
ment of Eamoa has made a difficulttask mucheasler.
On the other hand, 1 could tell you about small sta-
tions where the power Is forever falling, where re-
celving sets are not maintained, where {eachers are
struggling vith llttle help, iittle feedback, scant ex-
perience, 140 not have to tell you that there is little
chance of using ITV effectively under conditions like
those just cited.

(4) Size

There 18 a certain critical muss beyond which in-
structional television seems to make an important
impact and works most efficiently. Part of this, of
course, comes from the economies of scale which
are made possible by larger operations. Colombia,
for example, can deliver televistonfor about § cents
pez pupll hour, but It 18 serving a quarter of a mil-
lion pupils. Some unit costs, where the system |8
notably under-used, run as high as $2 per pupil hour,
We find that In most systems, instructional televi-
sion 18 urder-used rather than over-used. Speclac-
ular differences In unit costs can be achieved even
by balancing up the Investment ln programs against
the Investment in receiving equipment. This s
something we cannot develop in this paper, tut you
can find detalls in the case studies. Beyood the fi-
nancial effect, though, there 1s a psychological im-
pact that comes wiih size. It is impossible aot to
take the Samoa operation seriously. It {s impossible
not to take Hagerstown seriously. Theteachers,
the students, the communities know I, Otservera
have reported from several places that the veryfact
of the existence of a tonsiderable ITV operation has
made al] developmental change easier In that area,

(5) Planning.

Let ve merely say that most countries and schoot
systems have bumbled into instructional television.
Many of them have wakened and lound it under the
Christmas lree = the equipment being intended main«
ty fot entertalnment or persuasion tather than ede-
cation. Many countries that have launched Woto tei-
erision have been overwhelmad by the sheer Jogis-
tics of getting on the alr. There has been altl too
little time to sit Dack and decide what tke new tool
might best be uted for, and wha' related changes
might be made, and what will be required outside of
television programs to make the new system work.
And yet there will never be a2 better time, than Just
before the Introduction of a powerful new teaching-
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learning system like televislon, for a school system
or a developing nation to sit back quietly for a while
and consider goals and means and desirable dlrec-

tions of change.

There is no magic about instructional television,
It Is merely a pipellne into the classroom - away
to share and redlstribute teaching resources. And
yet It puts a wand of potentlal magic into the hands
of any school system that has a real need to use it
and the willlngness to learn to use it weli.

FOOTNOTE

1. The countries (or other political units) were Al-
glers, Australia, Colombia,Ghana, Honduras,
India, Italy, Ivory Coast,Japan, New Zealand,
Niger, Nigeria, Peru, Samoa, Thalland, Togo,

O

RIC

Aruitoxt provided by Eic:

United States, UNRWA. Tie case studies
have now been published under the title, New
educational medla in action: case studies for
planners. Parls: UNESCO and International
Institute for Educatlonal Planning, 1967, 3
vols. An interpretive volume hasbeen pub-
lished with them, Schramm, W., Coombs,
P. H., Kahnert, F., and Lyle, J. The new
media: memo to educational planners. Paris:
UNESCO and International Institute for Educa-
tional Planning, 1867,
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mamsa [nstructional Research: Some
Aspects of Its Status,

I WOULD LIKE to structure my pa-
par In terms of the following maln toplcs: (1) in-
structional-media research as related to research
on Jearning and instruction more broadly; (2)
classes of problems which are Involved In the
assessment of Instructlonal effects, both at the ap-
plied level and at the ‘‘basic research’’ level;
and (3) some considerations regardinz the priori-
tles of what It Is most important to do In the in-
structivnal-research fleld at the present time. In
relation to the question of priorities, I wlll also
review the status of alleged ‘‘findings’’ of hope-
fully relevant basic research; some serious defi-
clencles of such “findings’’; and some notlons con-
cerning requirements for lmproving the state of
research practice.

PUTTIKG INSTRUCTIOKAL-MEDIA
RESEARCH IN CONTEXT

The flrst point I should llke to make Is one which
people working in instructional-media research
have reallzed in varyi.g degrees for a long perlod
of time. This s that the Important problems in In-
structlonal-media research are actually broader
problems of research on the effects of the manage-
ment of learning and hence baslcally research on
learning. Most of the laboratory researchonlearn-
Ing has at least potential, even if vnrealized, rele-
vance to the deslign of instructlonal materials and
procedures. However, much of It does not seem
very useful when one tries to apply It to practlcal
problems of instruction — as those who teach
courses In the psychology of learning often realize
when they attempt to apply their own principles.

moowm Arthur A. Lumsdaine

University of Washington
Seattle, Washington

Most of the important problems for research on
baslc variables in instruction--1.e,, stimulus and
response variables influencing the effectiveness
with which {nstruction produces learning--have re-
celved some attention in the fleld of Instructional -
media research. In my oplnion, In fact, more in-
cislve research on Instructional variables has, thus
far, been done within the Instructional- media fleld
than In any other context. [think that this state-~
ment {8 not just a reflection of a parochial bfas on
my part; rather, I think it reflects the fact that the
encapsulation of Instructional procedures in specific
medla which are mechanlcally reproducible
(like films and self-§ .tructional programs) gives a
degree of control over the varlables Involved In pre-
sentation, exposltion, Instructlon, and persuaslon
that s very hard to achleve in other forms of re-
search. Where a particular experimental treat-
ment can be carefully and dellberately implemented
in advance, as in a fllm In the cutting room, there
is much less dllutlon from the concept, or variable,
or prceedure presumably belng implemented, t) its
actual implementation in the process of Instruc:.lon.

During the past few years, I have been especlially
concerned with what has been referred to as ‘pro-
grammed Instructlon, ”’ Like other catch phrasesin
the education and educational-research {lelds (such
as ‘‘systems,’’ “team teaching, "’ ‘ungraded, ** etc)
this s a term that I wish had never been popularlze&
It Is not what you call something, but the way you do
It that matters., Also, it has been Insufficiently rec-
ognized that the work In the programmed-learning
fleld needs to be considered as a speclal aspect of the
broader fleld of instructional medla {although some
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of the Skinnerians don't like to think of it that way}.
“Instructional medla,’’ in turn, is part of the stlll
more general field of Instruction, which {s aspecial
aspect of the more general fleld of human learning.
At each level It scems desirable togoback to baslc
learning princlples where possible, as a source
(but not the only source) of hypotheses or ideas for
development and test.

Not all of the good suggestions for effective in-
struction come as safe deductlons from Hull's pos-
tulates or any other simple, single source. Such
suggestions also stem partly from analysis of sub-
j<ct matter--e.g., lu Gagné’s analysis of learning
sets--and partly they arlse in other ways. For ex-
ample, in the process of deveioping specific instruc-
tlonal products one learns a great deal about what
variables seem to be important or worth looklng in-
to. One formulates hypotheses that a learning
theorlst, as such,would never think of when one
starts to attack specific, concrete problems in edu-
cation, A related polnt which has been made in
other contexts is that it Is generally unwise, in my
view, for peuple who wish to do fruftful basic re-
search in learning to get too far away from the
actual problems of school subject matter, from the
things that learners really have to learn, On the
other hand, I also think that It s lmportant, In try-
Ing to analyze the essentlals of instructional- medla
(or other instructional) sltuz' ‘ons, to have at least
a good talklng vocabulary with which to interact
with people whose maln concern fsthebasic
psvchology of iearning.

I have stressed that the instructional-medla
field, In its most important aspects, must relate
closely to the more general fleld of research on In-
structlon and learning. However, Ialso emphasize
that there are certain features of instructional
media that make them very usefu! astools {or re-
search, and also objects of research {cf. Lumsdaine,
1963). Thus, the genecral property of stimulus re-
produclbllity {n {instructional media greatly faclll-
tates scientiflc study of instructional variables, A
related factor is that Ln producing instructional-
media programs the implementation of instruction
Is in the hands of a relatively small numbher of peo-
ple, thereby allowingless dllution In the application
of instructional princlples, than when one tries to
Implement these same principles by influencing the
behavlor of thousands of classroom teachers.
Finally, the abillty to reproduce instructional mate-
rials widely means that application of applied re-
scarch results is multiplied many fold. It is more
reasonable to put out a large investment to improve
the effectivencas of materials whichwill be used by
mlltions of stwlents than it is to invest comparable
resources in research on procedures which are
only golng to be used by a much smaller number of
students.

SOME GENERAL QUESTIONS FOR
RESEARCH ON THE EFFECTS
OF INSTRUCTION

I would llke now to identify some of the ques-
tions which 1 think one should ask about the effects
of instruction and which I think are logically prlor
to the formulatlon of specific research studies. The
first question Is, ‘“What skuuld the effects of in-
struction be?’ Second, simply, ‘‘What are they,

In any glven Instance?' Third, '‘What accounts fox
them?’’ (This Is where a great deal of research
emphas!s has been.) Fourth, ‘‘How do you predict
them?’ Fifth, ‘‘How do you improve them?’ And
sixth, ‘'What I8 the cost (and ‘cost-effectlveness’)
of Improving them--how much ls worth paying for
a glven amount of Improvement?’

WHAT EFFECTS SHOULD BE

A number of people have pointed out that In
evaluating instructional programs there are sever-
al kinds of criteria used. In the report which was
published by tiie Joint Committee on Programmed
Instruction and Teaching Machines (1966) three
classesof criterfa were distinguished: first,
appropriateness of various possi™’'~ effects; second,
the effectiveness with which sought-for outcomes
were brought about; and third, the feasibllity of using
the materials, Including cost. Consldering just the
first two, it is quite evident that one cando a very
effectlve job of teachlng the wrong thing. (It could
even be held that doing an ineffectlve job of teach-
ing the wrong thing may be better.) What I want to
call attentlon to here s the far underdeveloped re -
search fleld of constructiveand imaginative attempts
to lmprove on the basis for determining what ought
to be taught. Very llttle effort has been put forth
on this as compared withapproaches on howto teach
a given thing mor»= effectively. Thls applles all the
way from kindergarten to graduate work,

Skipping over the second questlon, consider Ques-
tion Three: What accounts for the etfects of Instruc-
ucn? Here we have perhaps attained the stage of
sophlstication In which we turn away from unanswer-
able questions (such as, Which are better, films
or lectures? ur, Is conventlonal Instruction better
than television?), and have moved to questions of
what variables account for particular effects. That
is, we have become better awa. 2 of the consequences
of the obvious fact that 2 good {ilm will always
beat a poor lecture and vice versa, and of thefact
that such terms as ‘‘conventional instructlon’ have
been so poorly deflned as to be almost completely
ungeneralizable.

Question Three gets at the attempt to manlpulate
varlables in order to see which kinds of stimulus-in-
put variables make a difference in instructiona) out-
somes, Obviously, if this type of research were to
be successful in butlding an applicable science of
learning, within the confines of a given set of Instruc-
tional objectlves, we would then be able to better
answer Questlon Four, (How do you predict the ef-
fects of instruction?) as well as Question Five, (How
do you improve them?). That is, we would have a
bails for evaluating an instructlonal program of any
sort by looking at it, anzlyzing its properties, see-
Ing whether it conformed to characteristics of in-
struction which have been demonstrated to be more
effectlve than other forms of instruction, and thus
would be able to evaluate, a priorl, any particular
plece of Instructional material, or program, as to
its effectlver. °

Some of my colleagues feel that this can now be
done with respect to programmed instructton, In
my oplnion, they are quite mistaken. For example,
in one of Rothkopi’s (1963) studies, {(admittedly one
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‘vhich s too llmlted to be definitlve) a groupof *‘ex-
perts’’ (students who had recently been through a
course in the ‘‘proper'* way to construct instruc-
tional programs) were asked to rate seven pro-
grams. These seven prograins all dealt with the
same subject matter and, without the knowledge of
the judges, their actval effectlveness in teaching
specifled kinds of oulcomes had been previously
determined by tryingeach »f the programs onseven
randomly selected groups of students. When rated
effectiveness in that set of seven prograins was
correlated with measured effectlveness (as meas-
ured by what students actually learned), Rothkopf
concluded that the instructional effects were indeed
‘‘predictable’’: the correlation was minus .75. All
that need be done was to get judges to rate them
and then do exactly the opposite, Such data support
the contentlon that the effects of instruction are not
really very well predictable on the basls merely of
Inspecting Lhe features of the instructional materi-
als and decldIng whether they conform to the im-
plications of a ‘‘science of learning’’ or to the ac-
cumulated wisdom of teachers, This means that
elther we are applying the wrong findings or we
have a great deal more to find out about the effec-
tive variables in instruction. Thls In turn takes us
back to Question Two, What are the effects of in-
structlon?

I coatend that we might well set for onrselves
the perhaps modes! objective of finding out what we
are actually doing in much on-golng instruction. I
think we at least need to know what effects we are
producing before putting such exclusive concentra-
tion of effort into the more elegant question of what
specific variables account for these effects. In many
of the studles of instructional effects, one problem
has been the lack of significant differences, report-
ed with dismal uniformity. This lack would have
been predictable Uf the Investigators had bothered to
run an initial test of any one treatment of the instruc-
tional materials (preferably the best), using avail-
able criterion measures of output, Often this would
have shown them that, in fact, the whole program
was teaching at such a 1ow level of efficiency that
the tikelihood of revealing any differences among the
treatments was Indeed very poor. All one has todo
is to read the instructional research literature to
find many instances of this kind, and I must even
admit that this has been true of some of the studies
which [ have been responsible for sponsoring. It is
avery simple trutk, but one which has eluded inves-
tigators for a long time, that if we are going to in-
vestigate fectors that make instruction effective we
have to get the instruction effective in the flrst
place and thea find out something about how it got
that way, instead of working hard at manipulating
variables in a piece of instruction which we later
find out is operating at a low level of efficiency.
One of the implications of this 1s that the classical
sequence of research and (then) development often
must be reversed. In other words, one must do the
development first; only when something effective
has been developed, do we then have an adequate
tool with which to conduct 1seful research, This is
an oversimpliticatlon, of course, but it remains a
crucial and an all-too-often ignored consideration
In the instructlonal research currently being dont
(and continulng to be supported).

Regarding Questions Four and Five (How to pre-
dict the effects of {nstruction and how to improve
them), it may be noted that both imply important
kinds of purposes. Huwever, it can be argued that
prediction is of no use in ftseif unless it can ultf-
mately be used to bring about better instructlon,
One way todo this is through better selectlon of
existing materials (as well as making better ones),

The condu>t of adequate empirlcal evaluation
stvdies for (nis purpose, which would requlre the
detailed testing of every plece of marketed Instruc-
tional material, is an extremely time - consuming
business. It would obviously be a great advance if
one could reliably predict which materials would be
raore effective than others, as a basis for selecting
from available materials within a given set of in-
structional purposes. In any case, the ultimate ap-
plied purpose of fun”’amental knowledge about the
influence of in.iructional varfables on learning out-
comes is to be able to know how to improve the in-
structional product.

4 vexing problem of Instructional research for
this purpose concerns the extent to which the inde-
pendent varlables named by the Investigator ara
Idiosyncratic to him. For example, In experiments
on ‘‘studeit partlcipation’’ or ‘‘varled repetltion,
(or you name it}, the independent variable {5 seidom
defined in terms sufficlently operational to provide
reasonable assurance that someone else would be
doing essentially the same thing if he sald he were
studying the nominally ‘’same variah!>.’’ That is,
for most of the pedagogical variables derived from
efther common teaching practice or learning theory,
the epeclfic way in which the ‘'variable’ is imple-
mented can turn out to be a great deal more impor-
tant than what varlable it nomlnally {s, We, there-
fore, have findings In wkich the ‘*same variable’’
{e. g., overtness of respanse) turns oat to have one
effect whenexplored by nne investigator and another
effect when explored by another investigator. The
conclusion would seem to be that, pending such
time a8 we are better able todefine what our in-
structional varfables mean in reproducible, opera-
tional terms, we had better assume the burden of
demonstrating explicitly the generality of our find-
ings. The deduction from this is that in an Instruc-
tional experiment inwhich one manipulates a named
variable or procedure, the critical number of ‘‘de-
grees of freedom’’ on which generalization forms
the experimant depends is a function of the number
of experimenters {or programmers), rather than
the number of subjects (learners). Put another way:
if we are really going to say that we have found a
dependable rule or generalization about an Instruc-
tional procedure, we have got to show that we can
write a set of instructions which will allow another
experimenter, programmer, or teacher to create
substantially similar effects to those we obtained,
I know of only one or two studies (still underway) in
which this is systematically being done. Inone of
these studlieg the number of instructional vehicles
representing each treatment are written by six dif-
ferent programmers following a given Instruction,
as against six other programmers who are following
a different instruction. The number of degrees of
freedom in that analysis will be something in the or-
der of either 10, 12, 5, or 6, depending upon what
kind of statistical test s used, but it will not be a
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functlon of the number of students or classes that
are taught.

This very important point can be summarlzed
simply by saying that we have to be able to show,
in a scientifically acceptable fashlon that somecne
else can manipulate and Implement the variable un-
der consideration. At present, I know of no way to
do this, for most variables at least, except by brute
empirical demonstration. Thls is one of my main
reasons for the quotes around the word ‘“findings’’;
for, of the 2aperimental results on Instructlon,
very few, it any, have been systematically repli-
cated in a way that provides this kind of formal
demonstration of thelr generalizability outslde of
the particular progrumor programmer responsible.

To consider Questlon Six (concerning cost and
cost effectlveness) requires that we first conslder
basic objectives. In terms of the kinds of outcomes
we are trylng to achleve, we have ultimately got to
translate progress toward these objectives into
something that Is cott accountable, Ithink the
things that have the best chance of becoming cost
accountable are things that are correlates of time,
rather than belng correlates of achievement level.
For thls reason and other, Ithink a strong case
can be made for Skinner's contention that, ineffect,
we should use as our dependent variable the time
to achleve aglvenmlalmum criterionof proficiency,
rather than the levels of proficlency attained after
a fixed number of hours of instruction ag shown by
the resulting distribution of scores.

A related problem is that our realistic gnals in
education are often how tobring people up to a point
where they can quickly rclearn rather than to max-
imize how much Is retained by the end of the semes-
ter. There Is simply gettlng to be just too much
to know and too much to learn to keep it all on tap,
and part of the problem of education is, increasing-
ly, golng to be to determine how much we ought to
get “kept’’ in a man’s head versus how much we
ought to help him out on the job by better informa-
tlon sources or refresher training. We might ask
how much a reallstic criterion of the goodness of
instruction ls the speed with whlch a personcan
get back up to proficiency, rather than how long It
takes him to get there In the first place.

A difficulty with this kind of criterlon (aside
from the break with traditionthat [t implies) is
that it greatly increases the cost and difflculty of
experimentation. Hf one is going to measure re-
learning of paired associates, the savings method
of the psychological laboratorles is a rather easy
method to apply. But if one Is concerned with the
learning of a subject matter llke calculus, Instead
of pairs of nonsense syllables, then the question
arises: What 18 the material from which one does
the relearning? I think we have to work hard on
solving such problems, because time expended in
order to attain or regualn acceptable proficiency
offers the best promise of being translatable into
cost terrnis, We can form some estimate of the
cost of the student time and can llkewise estimate
the cost of the heating for the school, the teacher’s
time, etc. But how to estimate the cost of the dif-
ference between 700 and 750 on a set of achieve-

mient test nor ¢ seems much more puzzllng, and
possibly Involves the wrong kind of educational ob-
jectlve anyhow,

RESEARCH AND
DEVELOPMENT PRIORITIES

QUANTITATIVE PRODUCT-EVALUATION DATA

Ibelleve that a great d2al more work is needed
onthe simple, modest question of assessing or
measurlng the effects of avallable and reproducible
Instructional programs; I think this perhaps un-
glamorous area rates a very much higher prlority
than It Is getting. We need to know what we are
accompllshing, and by and large we don't know that.
The programmed-instructlon people have banged
the drum for data accompanylng programs, and we
have even set up soine s andards so that we could
have somie hope that a sort of Gresham’s Law
wouldn’t operate with bad data drlving out good datu,
Yet at present I know of only a very few programs
on which any reasnnably adequate data have been
published. Somewhat more than that number of pro-
grams have something which purports to be data,
but which are merely records of what a few students
dld as they went through some verslon (not necessar-
fly the publlshed one) of the self- Instructlonal pro-
gram. Fur the present Iwouldallocate a muchlarger
share of research budget to support lowly, ‘“dlrty,’’
applled work on getting product specifications
for avallable programs that potentially will have
wide use, and at least relatively less of it to what
z1e, all too often I think, futlle attempts to do fun-
damental research. (I ain well aware that some of
my colleagues will regard this as utter heresy.}

THE PROBLEM OF WHAT TO TEACH

Another act of high research prilorities is related
to Questlon One, — What should the effects of In-
structlon be? We have an enormous range of oplnion
onthls. We also have an increasing amount of
knowledge to be taught and yet no ratlonal basis for
selecting what we should teach, not only to graduate
students in speclalizec areas and to undergraduates
who are acquiring a “‘liberal’’ educatlon (presum-
ably to prepare them in some fashion to deal with
the problems of the world), but even, to a consider-
able extent, to the elementary-school chlldren. The
problem does get somewhat easler at the lower grade
levels, as there are certaln fundamental skills
which appear necessary; but beyond the elementary-
school grades I think we are flying blind in terms of
what we are teaching. A very good case can be
made, for example, for teaching high-school stu-
dents the fundamentals of sampling and sclentific in-
ference rather than Euclidean geometry.

In any case, I belleve it would be very helpful to
try to do more extensive survey research to attempt
to ldentify areas where agreement and consensus
can be reached as to what should be taught. At this
time a very promising attempt of this kind is being
made by a group under the leadership of Ralph
Tyler (1966).

I also feel that some experimental evidence could
be quite useful in sharpening up the question of what
to teach. Many of the questions of what ought to be
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taught are ultlmately transfer-of-{raining ques-
tions. L a more sustalned attempt were made to
deflne and characierize the kind s of educatlonal
outcomes we really want, then we could try to verl-
{y some of the workling assumptions which we seem
to make as to what kinds of learning transfer to
these outcomes. We would be then movlng in the
direction of an experimental attack on what ought
to be taught. There Is, of course, so much hypoc-
risy In the whole field any how that evento get
people to be a llttle more honest would be helpful.
(““The purpose of my course is toteach the stu-
dents to think’’; but the final examinatlon consists
¢ multiple-cholce questions about the facts in the
subject matter.) Very few determined attempts
have been made to formulate instructlonal course
objectives so as to reflect In the final exam!nation,
as well as In the development of the course, what
the professor professes is really the most Impor-
tant objectlve of his educational endeavor. Some
hopeful steps in this direction have been taken.
(The last course I tau bt got almost to flrst base
in this respect, and the next time 1teach [t I hope
I can get a little further along.)

EMPIRICALLY GUIDED PRODUCT DEV ZLOPMENT

Next to a determlned attempt at research on what
should be taught, I would say the next most impor-
tant priority within the total research and develoup-
ment sphere is not in the research fleld proper but
in the area of development. In my opinion, a great
deal more support than s preeently the case should
be devoted to empirically guided development pro-
jects. (The U.S. Office of Education has not as
yet fully taken my advice on this point.) Perhaps
one way to proceed would be to require product de-
velopment as one element of an R and D package.
That Is to say, if one is to conduct an experiment
which purports to ‘‘test a hypothesis’’ and derive
some ‘‘fundamental knowledge,’’ and if one is
realistically pessimistic about the likellhood that
he will succeed in this objectlve, perhaps he might
be asked to have a second string to his bow. I,
for example, all such experiments were conducted
with actual subject matters taught in schools and
did both of these two things, then if they failed in
what was the nearest and dearest objective to the
heart of the Investigator, they still would have
accomplished something useful., That is, if one
produced a useful package of demonstrably rea-
sonably effectlve new Instructlonal materlals that
were needed as a vehlcle for the experimentation,
and if this product of the research were to be made
avallable to some approprlate distribution agency,
then the sole product would not be confined to a
dublous conclusion in the pages of a journal; the
product would include an actual on-the-shelf in-
structional itera that could be used. If in addition
a little llluminatlon was shed on the basic dy.amics
of Instructlonal varlables, so much the better., If
it weren’t, at least one would have a useful film,
self-instructional program, bouk, etc. which
would help to justify the investment that went Into
the research project.

Also, some studies could usefully take an exist-
ing product, widely available and in current use,
and use it in a research project as the vehicle for
making experimental manipulations to inquire

about the effects of Instructionat varlables. Then,
data glving a good profile on the actual teachlng
accomplishments of this product could be made
avallable In the form of product- specification data,
Thls would thus provide a well-defined set of meas-
ures, analyzed ltem by ltem,. so that one would
know which polnts of informatlon, sklll, knowledge,
or other behavloral outcome were increased and by
how much by the use of the baslc product in a speci-
fled manner wlith specified kinds of learners, One
would then at least have some useful product data,
regardless of whether or not his attempt at scien-
Elfic Inquiry on Instructlcnal varlables were success-
ul,

In summary, I would tend to plug first for em-
pirlcally-guided development studles, second for
other evaluative studies, and (alow third} for purely
“paslc’’ research, glven the present state of the
art, A good way to have one’s cake and eat it too
here is to do studies which comblne Investigatlonof
instructional dynamlcs with the development or
assessment of a product, in such a wayastocreate
elther a useful product or useful product data, in
addition to whatever illumination may be shed on
more fundamental, generalizable problems.

SOME WEAKNESSES IN‘'BASIC’’ RESEARCH
“FINDINGS”'

As to the frequency or likellhood of genuine 11-
lumination, suppose that one applles the criterla
«ny real sclentlst has the right and obligation to ap-
pli' to research findings, Including that of replica-
tlon; and that one throws out all of the findings
which lack any adequate guarantee of the sensitivity
of measuring Instruments or fail to show sophlsti-
catlon about power of statlstical tests used, and
that one throws out all of those indefensiblefindings
which have proven the impossible by violating the
injunction against proving the null hypothesis. One
then getsdown tothe relatively few findings inwhich
slgnificant differences are reported, of which he
will still find that very few have been replicated.
Of the small number of these, perhaps most are in
the field of the role of active response of students.
Even here, however, it ls difficult to say much
more than simply that some forms of student re-
sponding under certain circumstances can prove
quite helpful; the conditlons under which one form
or another of responding can help how much are
stlll far from clear. Also, there seems to be some
pretty consistent evidence that we have probably
underestimated the extent to which we ought to help
the student out by prompting; but that evidence ls
more secure for paired-associate learning than for
more involved kinds of instructional materials.

Amoregross generalizatlon that I think couldbe
supported a8 a kind of by-product {8 that most in-
structional lessons, films, television lessons, and
college courses trytoteach more than they possibly
can in the tlme that s allotted them, at least on the
frequent assumption thatthese are the sole medium
of instructlon, Demonstrably, almost every instruc-
tional program as initfally presented [sfound to need
to be extended, to need to be giver more time (or
else its objectives need to be reduced to more mod-
est size) when the program is tested to rcveal a
profile of what students actually learn. This canbe
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found in study after study when the results have
been reported in such a way that you can find out
what was actually learned, not just in terms of P-
value or a misleading dichotomy between “signifi-
cant’’ and nonsignificant findings.

The concluslon may be a discouraging one, but
the most important variable in the effectiveness of
instruction all too often seems to be simply the
amount of time which is spent in instruction. Thus,
if one wishes to establish the importance of a pro-
cedure one has to do a iot more than has customar-
ily been done in ruling outnot only the null hypothe-
818 but also what some of us have come jokingly to
call the ‘‘erg hypothesis.’”’ Too ofte. the proce~
dure3 which are shown to be better just happen to
be also the procedures that take more time, and
with no sensible way of refuting the skeptic who
says ‘‘So what? Naturally, if you spend more time
vou will teach more. "’

Many of the weaknesses of the instructionalre-
gearch to date are, ! think, due to the lack of the
promulgation and enforcement, for so-called basic
research studies, of adequate standards of scientific
reporting (which we have tried to forrulate for
evaluation studies in the Joint Committee report
mentioned earlier). The generally poor standards
of reporting allow the ambiguous use of terms, and
faflures to distinguish interpretations from actual
findings, to a shocking degree in much of the educa-
tional research literature, It is aimost impossible
to read through a set of papers In this literature
without finding, upon examination, that many con-
clusions stated as if they foilow from the data are
really just some speculations produced by the ex-
perimenter to explain what hefoundor why he didn’t
get what he expectedto find. I am exaggerating
only slightly. It is an agonizingly difficult task to
attempt (e.g., Lumsdaine and May, 1965) to glean
from research literature in the instructional-media
fieid that it is that has actually been demonstrated.
In many instances one {s unable toget the basic
data necessary to find out whether the findings war-
rant reporting, yet perusual of the available reports
makes it clear that without golng back to the basic
data one cannot determine what conclusions, if any,
the available data justify. One simply cannotbelieve,
by and large, what one reads in abstracts, second-
ary sources or even in primary research reports.
And if one tries to check on the latter, heoften
finds that the basic data are inaccessible,

The APA-AERA Joint Committee recommendzd,
for evaluation studies, that the basic data should be
preserved, preferably in the form of a comjlete
matrix of each student’s response to each test item,
so that the summary resv’is c an be verified. The
value of such data prezervation is twofold: (a) very
often serious errors aremade Inthe data summari-
zation;there are nothing like the uniform standards
of checking in educational researchdata that one ex-
pects in physics or in the experimental psychology
laboratory; and (b) very often the findings, even if
accurate, are recorded in a summary form that
precludes answering relevant additional questions
to which the original report was not addressed. By
way of example, there is a very good a priori rea-
son and considerable empirical support for believ-
Ing that the effects of different kinds of instruction

are likely to interact significantly with intellectual
ability, as measured at least grossly by 1Q, Army
General Classification Test scores, etc, Yet study
aiter study appears in the {iterature in which only
the overatl data are reported, with no indication
whatever, even though the basic data containsthis
information, of how the results interacted with, or
were modified by, differences in student ability
Even when differential analyses are a function of
ability are made it is often impossible, without going
back to the basic data, for one study to be compared
with another which has, let us say, made one split
on an ability measure while another study has made
a different split, or used a different measure. It
would be perfectly possible, and often of consider-
able interest, to see If these studies indeed contra-
diet or confirm each other, but a person cannot do
it because he doesn't have the same split on the dif-
ferentiating varfable, This often wouid be very easy
to rectify if the basic data were preserved, as also
wouli be true in other instances in which the analy-
ais has been incorrectly performed but might be cor-
rected by going back to the basic data.

Clearly I believe there is great need for general
improvement in reporting standards. As another
example, one of tlie most common errors that we
try to teach Introductory students to avoid isthat
special form of the unprovability of the null hypothe-
sis which Is exemplified in the following argument:
Group A and B did not differ significantly before get-
ting treatment X;they differed significantly after the
treatment, and therefore the effect of the treatment
was significantly different for the two groups. Of
course this argument 18 quite Invalid; what can be
shown rigouvously is only that the difference between
before and after was greater for one group than for
another. It is quite possible to document the propo-
sition that treatment X made more difference for
group A than for group B but, again, the basic data
by which this might be tested (e.g. by a second-or-
der t-test) have not been preserved so astobe avail-
able for making the test.

SUMMARY

In summary, I suspect that the most important
thing that can be done to improve instructional re-
search methodologically is simply to try to clean up
the standards of reporting and therebythe standards
of performance for educational experiments--at the
semantic level, at the data-preservation levei, and
at the level of insistingon a more complete descrip-
tion of what was actually done in the experiment, If
this Is not done, and here I utter a Cassandra-like
note, Ibelieve ultimately we are going to ki1l the
goose that is laying all the Research and Develop-
ment Center eggs. We need desparately to cleanup
our experiments methodologicaily, and to insist on
at least the same standards of rigor for educational
researchreportsand journalarticles that are applied
by the edltors of the Journal of Experimental Pay -

chology.

I should like to add that the dependent-variable
measures we are using in educational experiments
are alsoingreat need of Improvemeént. For instance,
thereare few studies available Iii which the effects of
instructlon or indoctrination on ‘‘attitudes’’ have
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transcended the level of mere verbal etatements on
a questlonnaire by the respondents as to how they
think they were affected or how thuy belleve they
would behave in a particular situation, Only a few
studies have gone beyond this, One such study was
conducted by Mark May at Yale some years ago
(May and Jenkinson, 1958). Instead of sinmply ask-
Ing the students, May observed how students actual-
ly behaved s0 as to obtain a measure of motlvation-
al influence of two alternative forms of a film,
George Gropper and I dida somewhat similar study
a few years ago in which we assessed the effects of
some television broadcasts In alternative forms pre-
senteu over WQED in Pittsburgh (Gropper and
Lumsdalne, 1961). Jants and his associates at Yale
have also used observatlon of real criterion behav-
lors, instcad of mere verbal surrogates, in study-
ing the effects of various {forms of communications
(see Janls and Feshback, 1953).

But such studies represent only a bare start in
the directlonof what needs to be done, That thls is
s0 leads to a {Inal concluslon I would llke to draw:
namely, 1 think it would be much better if we would
plckouta relatlvely small number of problems, and
a relatively small number of standard subject mat-
ters, for such experimen:ation as purports to get
into the real dynamles of instructlonal variables,
and stick to them and really try to pln a few things
down by extenslve varied replications with good de-
pendent measures, Instead of striving so much af-
ter novelty that we hop from problem to problem
with a serfes of superficial studies that cannot be
compared with each other and that really prove
nothing, Indlvidually as well as collectively. I be-
lieve this can be sald, as a matter of iact, through-
out the whole spectrum of educatlonal- psych~loglcal
research, There are those who advocate, and a
fev. who even put Into practlce, the insistence that
Master’s theses should always be replications of
experiments rather than attempts at new experi-
ments. [ personally think that this would bea
heaithy general practice;for instructlonal research
1 know it would be. We need a great deal more rep-
lcatlon and elaboration of a few putative flrdings
that look falrly promising, and much less uncoor-

dinated striving after novelty in an attempt to win
kudos in ‘“ploneering. "’
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wes SOCRATES, A Computer-
Based Instructional System

in Theory and Research

THIS PAPER describes a cybernetic
computer-based instructional system, SOCRATES,
the teaching model whichled to its development, and
some of the research accomplished with it. Early
work on non-cybernetic instructional sy stems {s
described in Coulson (1962), Silberman and Coulson
(1962), and Bushnell (1962). For adescription of
other existing computer assisted instructional (C AI)
systems see Stolurow and Davis (1965), Gentile
(1965), Hansen (1966), and Zinn (1965).

SOCRATES

The acronym, SOCRATES, is System for Organ-
fzing Content to Review And Teach Educational Sub-
jects. It consists of a group of student input-output
(/0) stations wired to a digital computer through a
relay rack. It is a computr -based, multiple ac-
cess, instructional system designed to meet the re-
quirements of an idiographic contingency model of
the instructional process (Stolurow, 1961; 1865b,
1965c). The model defines the presumably critlcal
categories of inatruction and treats these as systein
functions. The system permlts controlled imple-
mentation of the model as weli as the collection of
data which could lead to lts further development.

Figure 1 shows the contiguration of the system,
called SOCRATES II. It consisted of an IBM 1620
computer with a 1311 disl- for additional storage,
plus a 1710 Multiplex and .erminal unit linked to
several studeat 170 statloi'1, or consoles.

Figure 2 shows some of the individual student
1/O stations, eachof which displayed 35 mm frames

Lawrence M. Stolurow

Harvard Computing Center
Cambridge, Massachusetts

of a film strip with a 1,500 {rame capacity and pro-
vided the learner with fifteen keys for either single
(selected) or muitiple (constructed) response to a

display (Stolurow, 1966).

AN IDIOGRAPHIC CONTINGENCY MODEL OF
TEACHING

The model of the teaching-learning process is an
idiographic contingency conception (Stolurow, 1865a,
1965b). It is based on the assumption that individu-
alized {nstruction is a multiple stage decision proc-
ess that is diagnostic, prescriptive and corrective
in its use of psychological information to make de-
clsions about teaching. While the decision process
is basically continuous three stagercanbe identified.
In the first stage the pre-tutorial decisions are
made; in the second, the turorial decisions are
made; and in the third, ine program revisions are
made. In the {irst two stages there are two levels
of operation which make the system highly adaptive
to lndlvidual differences.

Pre-tutorial Decisions

In the pre-tutorial stage, one set of decisfons de-
termines the assignment of each studentto an instruc-
tional station; the other set determines the educa-
tional program to be used in teaching a student,

Automatic asgignment, When a student enlered

the instructional area, he could sit at any vacant
student station each of which contained a MASTER
1/0 unit. The MASTER /O unit, connected to the
computer, contained a library of materials on film
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Figure 1. SOCRATES Il
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Figure 2. Individual student 1/0 stations
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(1,500 frames) and each could contain a different
library (film strip) if this seemed feasible and de-
sirable. Feasibility depends, in part, upon the
amount of core storage one needs for the computer
programs used to process each of the educational
programs contained in a library.

The purpose of the automatic assignment was to
simplify and expedite the process of getting the stu-
dent on-line with the computer. The procedure in
automatic assignment consisted of the following. A
student went to any station - for example, 11, I it
was not one at which the instructional materials
needed were contained, he had to be directed to an-
other statlon which had the appropriate material,
In order for the system to do this automatically, the
student read an Initial frame containing instructions
to both enter his ID number using the keyboard and
to press the '‘I am thru’’ key. When he did this,
another frame appeared onwhich a filni number was
displayed. Every {ilm contairned a unique number.
After the student entered his ID, he entered the{ilm
number, The system then compared the number
with the one it had stored as the approprlate assign-
ment for that student, If there was a match, in-
struction began at that station. Iftheydidnot match,
however, the system searched all available stations
containing the film which the student should see and
advised him of the one available; it instructed him
to go there. This was done by shawing him a statlon
number. Ounce the student was seated at an appro-
priate station, the pre-tutorial phase of instruction
began.

Initial selection of an individual’s program. In
order for the system to make pre-tutorial decisions
about the student's instructional program, it is nec-
essary to have a computer program which processes
informatlon about the educational program and about
the student. The objectives of the instructional pro-
gram must be stated in behavloral terms, namely, the
type and level of performance that is required. Each
objective is a ‘“do statement'’; it containsa relevant
verb and a description of content and conditions un-
der which performance is to occur. Each film in-
cluded frames containing: (a) information; (o) direc-
tions (e.g., procedure); (c) questtons; (d) response
options; (e) knowledge of results; and (f) evaluative
feedback. Perforruance requirement forcorrect
response, expected wrong responses, and the max-
{mum training time that can be v sed are all speci-
fied. The student’s pretest scores Indicate his be-
ginning knowledge in relation to each objective, his
aptitudes, and his personality characteristics.

Mbare specifically, whenever any of the student’s
pretest scores ~ his entry level of performance -
equals or exceeds tte minimum ter minal level, the
set of frames relating to that objective is eliminated
for that student. The remaining set of objectives
has to be taught; to do this, the system nee’'s to be
programmed {0 make the Initial decisions aboui the
rules to be used in teaching the remaining set of ob-
jectives. The set of decisions used in teaching is
its instructional logic. When the logic Is expressed
as a set of rules for Interaction with a studentor, In
other words, when the contingenctes to be used with
a student are decided upon, ther the teaching strat-
egy is defined and the program specified. The Ini-
tial decision is to identify the Instructional logic.
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The flow diagram for rcogram selection during the
pre-tutorial process is presented in Stolurow (1967).

Selection of contingencies. To use data about the
student in making the decision about how to teach
him, it is necessary to have information about the
typical, or expected, relationship between pretest
scores, on the one hand, and the elffects of specific
treatments such as a type of feedback or a sequence,
on the other hand. Each of these relationships is a
possible contingency that has to be implemented by
the system. The desiredcontingencies are ex-
pressed as ‘‘if,..then’’ statements. To illustrate:
A contingency, as a rule to be used during learning,
states that if a student with low mathaptitude an-
swers correctly, then he is sent ontothe nextframe,
but if he answers incorrectly, then he is sent back
to the original material and must select another al-
ternative, Thisisacorrectioncontingency. Another
example is the aptitude-sequence contingency, name-
ly, if the student’s aptitude scores are X, thenthe
sequence of instructional materialis 1, 2, 3. For
example, if a student with high language aptitude
correctly answers the first five questions about a
passage just read, then the remaining thr ee ques-

ons in the set are omitted and he is given new ma-
terfals that he would not otherwise see. However,

if he does not answer correctly, the remaining ques-
tions in that set are given. Theoverallinstructional
logic is what determines the order in which the stu-
dent would receive new materiais during learning.
If research data show that students above a particu-
lar level of mathematical aptitude learn to add frac-
tions better through the RULEG sequence than they
do through the EGRUL sequence (Taber, et al, , 1965),
then a contingency between aptitude level and the
RULEG sequence would be programmed and used in
making decisions about teaching the addition of frac-
tions, Students with scores orntside that range might
be taught with another sequencing rule, e.g., asyn-
chrony (Detamtel and Stolurow, 1956), or class-de-
scriptive cueing (Wulff and Stolurow, 1857).

To specify another contingency eachstudent's per-
sonality test scores canbe used to determine the
for:m of evaluative feedback informinghim of the cor-
rectncss of his response (Frase, 1963; Parisi, 1965).
These are just two examples of other contingencies
that can be used in making teaching decislons. ldeal-
ly each contingency should be based upon data from
research revealing that it contributes to the effec-
tiveness of instruction. However, if appropriate da-
ta are not available, a set of theoretical possibilitles
can be used to specify the type of feedback,the frame
sequence, etc. Whenevar the teaching system uses
contingencies, it branches the course c¢f instriction
at the decision points. A system can make adeci-
sion for each student at any point in teachling and al-
ter native contingencies can be compared in their ef-
fectiveness to determine the value of branching. In do-
ing this, the system ts belng used to test hypotheses
about contingencies. Thusresearch needs have
to be satisfied as well as those of application. All
rules specifylng the initial set of contingencies have
the status of hypotheses and, as they are used, the
system acquires the necessary data relating to their
utility. This also means that the system provides a
means for identifying additional contingencies. The
instructional logic, expressed as a set of rules, is
the set of contingencles used inteaching a student
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using x particular set of materials. In Individual-
lzed instructlon the logic may be 7quite different for
different students. The system must be pro-
grammed to select a strategy to go with the topics
to be taught each student. The combinatlon of con-
tent toplcs and strategy makes up an Instructlonal
program for a student.

Automatic adjustment, The syslem must also be
able to handle the student for whom no progress
could be expected to produce lhe minlmum level of
performance specified by the instructor.

Whenever the student’'s data indicate that he
would probably not reach the instructlonal objec-
tives by any avallable program, the system can a)
teach the student snme things to remove his defl-
clencies; b) lower its minlmumacceptancecrlterla
for knowledge; c) lower the term!nal objectives; or
d) reject the student. Each of these alternatives
can be programed so that it ls considered auto-
matlcally in terms of a predesignated priority rule.
For Instance, if the declslon ls to improve the stu-
dent’s proficiency, then he would be given remedlal
instructlon in one or more of the prerequisites. For
example, the student could be asslgned and gtveran
algebra program to build up his entry behavior lev-
el before he beglns studying a statistlcs pregrarn.
When he completed the algebra program, he would
be tested and his new entry level of periormance
would be substltuted for hls original level and an-
other declslon would be made about teaching him.

Another alternative is to change the minlmum ac-
ceptance criterla, The student below minimum-per-
formance level on the prerequlsite knowledge test
but high In relevant aptitudescanbe glven an instruc-
tlonal program which1s most likely to increase hls
final performance on the test of terminal behavlor.
Doing thls would Increase the proportlon of faflures,
but It also would increase the absolute number of
successes, Therefore, thls i€ a decislon strategy
that probably would be used only if It was very im-
portant ¢ meet a quota of trained people.

As a third alternative, the system can modify
terminal objectives when it fails to find a sultable
program. One way to modify objectlves is to in-
crease the maximum allowable instructional time.
For each change in that parameter, the system can
re-estirnate a student’s final performance to see U
the next estimate 1aeets the minimum terminal pro-
ficlency level, Once the estlmated score equals or
exceeds the minimum, the system can print this out
so Lhat the instructor can decide what to do next or
it can compare the estlmated time value with a new
maximum value. The result uf the comparison de-
termines whether a program will be used with the
student. A second way to mudify objectives is to
eliminate toplcs that have low priority. A third way
is to lower the minimum level of performance which
1s acceptable at the end of instructlon. Eachof these
ways nf modifying objectives can be prograramed so
that the appropriate parameters arc considered se-
quentially and a new estimate of final performance
obtained. The system can store the estimates from
each of these modificatlons and select thatone which
provided the maximum final performance estimate.
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The system can be programmedtooperate at two
different levels In maklng pre-tutorial decislons. At
the lower level, It makes declslons based upona
fixed set of rules and a fixed set of values for the
critical parameters used by thoserules. At the
higher level, the system changes the values of pa-
rameters according to a different type of rule, ovne
which determines the priority of the parametric
changes and then re-evaluates the sludent. The pri-
orlty rule Itself can be variedfrom student to student
to achleve further Individuallzatlon. For example,
the priority rule can be made to depend upon the rel-
atlve slze of the discrepancies between the orlglnal
criterlon values and each sludent’s scores.

The outcome of the pre-tutorial processing is a
tutorial program for each student based upon data
about hls aptitudes, abllitles, and personality,

Teachlng Program

A teaching program is made up of two parts: Its
logic and Its content, the particular tople or set of
topice to be taught. The complete set of rules used
in maklng all of the decislcns in teaching a student
is the loglc of his instruction. The content depends
upon the student's pretest performance on a test
ccverlng the behavloral objectlves of the Instruction
and his performance while learning. Selectlon from
the lihrary depends upon pretest performance. If
pretest performance on a topic Is 2lready equal to
the minimum acceptable flnal performance level,
then the materlal used to teach it Iseliminatedfrom
the student’s program. Thus, the content of the stu-
dent’s program depends upona contingency, Hls
program contalns only those materials which are
necessary to teach the knowledge and skills which
his Iritial level of performance Indicated were in-
adequate In comparison with the termlnal standards.

The functlons irnvolved in individualizing an In-
structional program are described in Stolurow and
Davis (1965). Of those represented the more critl-
cal functlons are the comparison of the student’s re-
sponses with those expected (performance stand-
ards), the gelection of particular displays, and the
recording of a response hlstory for on-llne use as
well as for course revision.

Teaching Strategy

A teaching strategy can be described interms
of two types of rules used in presentinga set of
frames. The first type of rule determlines se-
quence, or order, i.e., organlzatlon of the frames
relating to an objective. Theorderinwhich Instruc-
tlonal materlals are presented to the student is de-
termined by contingency rules relating to aptitude
patterns. Each element. of Instructlon ls presented
as a frame which requiresaresponse (Markle,
1864). There is a variety of {rames, each of which
has a dlfferent purpose. The order in which they
are arranged can make adifference in rate of learn-
ing and in retentlon (Stolurow and Lippert, 19€4).
Consequ. ntly, the type of frame and the sequence in
which frames are arranged represent important
specifications for a program. Th second type of
rule speciffes the conditions under whick theframes
are presented; for example, a plcture which Is part
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of a frame may be timed, or the medium used to
encode the frame migit be a film, for some, or an
audio tape, for others. A complete set of rules in-
cludes both types, and the set employed in tiaching
a student to reach an objective i{s referred toas a
teaching strategy. For example, a young student
with high mathematics aptitude might be taught with
a RULEG sequence under the conditions of the cor-
rection vrocedure and withvisually displayed
frames. An older student who is also high in math-
ematics aptitude might be taught the same concept
with a RULEG sequence under the conditions of the
nun-correction procedure with audio tape. Each
would be taught by a different teaching strategy.

Data for instructional decisions. Inorder for
the teaching program to be effective, the system
must use appropriate data correctly. The kinds of
data to be used are specified by the teaching strat-
egy, or rules expressed as contingency statements.
To make individual predictions regarding the final
performance of each student from his performance
history, both the data and the rule possibilities have
to be represented in the computer memory and used
by the control program. In this respect the system
operates in the tutorial mode just as it did in the
pre-tutorial mode,

It the predictions about final performance are be-
low the desired level, the system should be capable
of changing the rules it is using and the basis upon
which the rules are selected. For example,regard-
ing the latter point, the system after teaching sev-
eral students using a particular teaching logie,
should use the data they provided it to r e - analyze
and compute new limits,

Whenever the student’s performance does not
meet the specified standards, adjustments are made
in some part of his projected program. Also the
data contribute to the adjustments made in the deci-
sion rules themselves for future applications to
other students. In this way his data contribute to
the pool of information used in making decisions
abcut teaching subsequent students (e. g., Smallwood,
1062; Lippert, 1867). As aresultof its previous
teaching, the system learns how to teach more ef-
fectively.

Two Levels of Tutorlal Instruction

Two levels of tutorial instruction ar e possible.
The lower level obtains when the system is pro-
grammed to teach with a fixed logic and a fixe i con-
tent, e.g., alinear program (Skinier, 1954), drill
and practice (Atkinson, 1967). The higher level ob-
tains when the system is programmedtoaltereither
Its logic, its content, or both, for subsequent parts
of the instructionzl program depending upon the stu-
dent’s performance on the earlier parts. An exam-
ple of the lower level is using the logic of a linear
program (Skinner, 1854); annther is using the logic
of an intrinsic program (Crowder, 1960). For both
of these strategies the conteni and logic must be
specified in advance. At this levelallof the Instruc-
tional possibilities are pre-specified including the
types of feedback given all students. At this luower
fevel of tutorial instruction a CAl system provides
a pre-specified learning environment which inone
case is predetermined (linear program) and in the
other case is contingent on the previous response.
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A distinction can be madebetweena pre-specified
learning environment and a fearning environment
that unfolds. In theformer, the actualdisplays
seen by the student are specified in kInd and in se-
quence. If the student makes response ‘‘A,’* then
he sees display «, etc. The system operateson the
basis of conditionals that are of the form “‘If this re-
sponse, then that stimulus display.’’ All the condi-
tionals are specified, and all students who make re-
sponse ‘A" see display «. In the learning environ-
ment that unfolds, all students who make response
““A’ do not see display o, only some of them do.
What display a student sees {s determined by raore
than one rule, sothat display a, for example,
could be seen by some students who made response
‘A’ but not by others who also made that response.
An example of unfolding migit be to show some stu-
dents a frame containing Lhe steps in the long divi-
sion algorithm worked out with the values 360 divid-
ed by 12, while others may see the steps of this al-
gorithm worked out with 480 divided by 52; some
others may see examples with decimals. Still oth-
ers may see the example worked out in acompgletely
differert sequence, e. g., successive subtraction and
tallying. To do this on some basisother thanchance
implies that the decision is based upon more infor-
mation about the student than that contained in the
last response. This can be doneby makingavailable
a response history of two, or more, previous re-
sponses. To do this a CAI system must be capable
of keeping a cumulative recordof responses ina
form that makes the pertinent set available every
time a contingency rule is to be used,

In addition to the availability of response histor!les,
the CAI system programmed for unfolding a learning
environment alsc must store inreadlly available
form the rules for sampling the frames and the me-
dium (e.g., audio or visual) or mediatobe used.
Another requirement is the ablility to use some con-
tingencies, but not all, with a particular student.
Related to this is the requirement for the system to
be able to change the contingencies for each student
if his performance s not meeting expected stand-
ards. This is called the feed forward concept in
control theory. The system looks ahead to expected
resulte based on what has happened and what possi-
bilities could eventuate. After foc.ing at the future
possibilities it selects the mast desirable one and
then proceeds to do those things necessary to bring
it about.

One type of rule specifies the sample of frames,
In a linear program the sampling rules are simple:
all students take the same program and they all see
the same set of frames in the same order. The sam-
ple rule is to use the entire set of franies.

In idiomorphic programming the learning environ-
ment is predetermined but not pre-specified. A pre-
determined learning environment can be generated
in either one of the two different ways referred to
in the previous paragraph or by usingboth ways.
Each way uses conditional rules of the form, ‘If re-
sponse ‘A, ' then use procedure a to determine the
next display.” The display that appears next is pre-
determined by a procedure which can generate not
just one, but a number of different displays,

One way to implement this form of conditional s
to use a procedure that varies the content (e.g., the
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numerals) but not the sequence (e.g.,the algorithm).
A second way to Implement it is to use a procedure

that varies the scquence, but not the content. A

tulrd way is to vary both, The first way makes the

sequences or logic conditional; the third way makes
bolh content and sequences conditional.

Another type of instructional strategy rule deter-
mines the time Intervals, Withajre-specified
learning environment of the lincar type the strategy
rule s simple since all students go from frame 1 to
frame 2, to frame 3, etc., and in the same order.
The rule is simple but the value can vary since the
time in{esrvals are determined by the student; he
sets his own pace. By pre-specifying the conditions
the only individuallzation achleved by a linear pro-
gram s in the rate at which each studentprogresses
through the materfal. DBy pre-specifying the out-
come of each response {n an intrinsic program, all
the branchinz possibilities are fixed, and each re-
sponse alternatlve takes a student to a specific dis-
play. The contingency that is pre-specified in this
form of programming s that be*ween the last re-
sponse and the next display.

The learning environment ¢an be predetermined
in eti1l other ways. For example, the content of the
next frames may be different depending upor the
correctness of the student's responses (o other
frames on the same topic, and their sequence may
depend upon aptitude scores.

With the predetermined level of functioning, the
on-line decisions made by a teaching system change
one, or more, of the teaching rules, or theteaching
strategy. Two students, each making the same re-
sponse to frame 105, for example, might see differ-
ent displays, experience different time intervats,
and have information available for different lengths
of time, etc. The information display, the sequence
of diaplays in the set, and the timing conditions
would be contlagent upen spacifie information about
the student’s past perfurmance. One question to be
answered is what type of information can be used in
making decislons. This Is & research question t.
be answered ultimately by empirical data. Hypoth-
eses can be formulated; for example, it is possible
to intlude apiitude and personality test acores as
well as sets of students’ responses to instructional
frames during learning {n the “'I"" portion of the
conditional statements. Whichever one, or ¢ombi-
nation of scores is used in specilying contingencies
for instructional decisions will depend upon the ed-
ucational programmer’s hypothesis regarding the
optimum strategy of instruction.

When a computer-based system provides & con-
tingency-determined learning environment based
apon Individual differences in performance, it uses
sdiomorphic programming. In teaching a set of con-
cepts the rules which determine the order in which
they are presented may change, for example, from
an indwetive sequence to & deductive one. While any
rule may be cha.iged, It might be useful to consider
examples in which only one is changed. For in-
slance, only the rules determining the information
sequence migh be changed. Another example might
be the rule speci7ing the evaluative feedback ¢ O A
tingentles {given the correctness of the learner’s

responses). If the student’s performance is not up
to expectation in correctness or in response latency,
the system may change the rules used to teach him.
For example, the rule being used may have been to
glve the studert reinforcement every time he re-
sponded within a certaln perlod of time. U he did
not respond Quickly enough, the reinforcement may
be given on cnly half of the times he responded.
This type of teaching rule would specify the contin-
gencfes between response latency and the subsequent
reinforcement schedule. 1If the level of the student’s
gerformance is below that expected, easier frames
may b2 presented to him. This last example iflus-
trates yet another type of rule, on¢ making the dif-
ficulty of the subsequent materlal contingent upon
the number of errors.

These examples lilustrate the types of decislons
that can be made when contingencles are predeter-
mined but not pre-specified. Instruction is more
individualized when instructional rules ar e contin-
gent upon both the student’s performance and what
s expected of him. Whenever one or more aspects
of the student’s actual performance do not matchex-
pected performance, a new rule isused. Whena
new rule Is used, sets of displays and/or frame se-
quences become avallable that would not be available
if the system operated at the pre-specified level of
a linear or an intrinsic program.

Bases for Contingencles in Instruction

This analysis of teaching as the control of the
learning environment is based upon the idiographic
contingency model of tutorial instruction (Stolurow,
1965b, 1965¢). This model distinguishes two types
of contingencles. At the Jower levelthereare event
contingencies; at ihe higher lcvel there are rule
continger<ies, The model Is made operational in
SOCRATES In three ways.

Student data possidbilities. Thefirst isinthe
Yunber of possibilities which the system provides
for the use of data in makirg decislons connerning
the content and strategy tobeused In the instruction
of individual students. For instance, the student’s
abllity, aptitude, and personality, as well as his
knowledge or skill, can be used in making decisions
at any point in the program. Patierns of responses,
that is, various patterns of error ard time, niade
during learning are included in the possibls student
characteristics which the system can use. Sets of
these patterns are possible bases for making the
subsequent experiences contingent upon past per-
formance. R is poesidle to use pretest perform-
ance along with error and time data on selected
frames as the basis for content and/or sequential
contingencies. Consider an example of how these
data might be used to make different decisions for
each of two students. One student may have made
a high pretest ecore and then goae through the pro-
gram rapidly, making Jots of errors; ancther stu-
dent may have made a low pretest score, but gone
through tte program . the same way. The first
student might be asramed to be careless, and, there-
fore, given Instruction designed to make him ma-e
carefnl. The second student could be assumed to
have failed to learnbectause of insufficient
ability andtherefore, tobeinneed of svp-
tlementary ot remedial {astruction.
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Different display possibllities. The carlier ex-
ample In which the system provided different conse-
quences to students who made the same response to
a particular frame illustrates a second way a com-
puter-based systein can make instruction more in-
dividuallzed: namely, by providing dlfferent display
possibitities for every pedagogicaliy-significantcon-
tingency. The system's adaptivity is increased by
including in its llbrary a large nunber of possible
displays for each response possibllity. The number
of posalble displays is Increased in different ways.
One way is by writing sets of materlals at different
levels of difficulty, another isby using different
torms of encoding to communicate Information,e.g.,
verbal versus mathematical, A third way is to sep-
arate the informatlve material thatisintended to ex-
plain the answer from the different kinds of evalua-
tive feedback. The example of the student who was
responding carelessly is a situation In which the
availabllity of separate types of teedback would be
useful. With the separate types avallable ILn this
system, it would have been possible for the system
to tell him he was careless while also telling the
other student who made the same response that he
was improving. Furthermore, each student could
be glven his subsequent Instruction with another
teaching strategy. For example, the careless one
could be required to make correct responses before
being allowed to go on. The other student in the ex-
ample, however, could be hranchedto different
evaluative feedback, possibly of an encouraglingtype,
and then glven easier material so he would have a
higher probability of belng correct.

Elther an instructional theory or empirical data
specifies each of the relatlonships between & set of
student characteristics and a set of display possi-
dllities; consequently, the more display possibil-
itles In the memory of the system, the more ¢ontin-
gencies {t can handle and the mor e individualized
the iastruction could be.

The differences between the first and the second
way in which adaptivity I8 achieved lie in the range
of unique display possibllities which eachcontin-
gency .ule could generate. Furchermore,theactual
number of display contingencles 1s lar;er than the
number of frames since both the temporal interval
between a response and a display and the duration
of each display can be controlled separately. Addi-
tional contingencies are possidble through the peep-
aration of alternative materials at different levels
of difficulty or of readabilliy so thatcomprehension
and speed can be maintained at each student’s ogti-
mum level. For ¢xample, the careless student
might be shown a display for alonger period of time
befote the system accepts his next response, or he
may have to walt longer fot the next frame alter he

has responded,

By programming the following ¢onditions as con-
tingencles, they can be used selectively in teaching:
first, the difticelty or readabdility level of the infor-
mation frames; second, their sequence; third, the
temporalinterval between responsesandfeedback as
knowledge of results; fourth, the lype of feedback
statement used in terms of both Lhelr qualitative
and evahastive natare; {ifth, the chedule used to
give feedback (o the stodent; and sixth, the time in-

terval between knowledge of results and the new
program {rame.

Criterion possibilities. A thirdway Inwhich ldio-
graphic programming can make a system more
adaptive ts by using a variety of criterla in niaking
decisions to eltlier maintain or change the Instruc-
tional rules themselves, A flowdiagramdescribing
a system for dolng this |s presented in Figure 3.

The program which allows the system to change
rules on line is called the profecsor function, Bas-
ically this is the means for determining rule contin-
gencies. It is to be contrasted with the ability of the
system to function according toa ! -ed set of ru'es,
which is called the teacher function. The teacher
function is the part of the executive progra m that
specifles the conditlons for showing each one of a
set of displays. The professor functlon is the part
of the executive program that specifies the condi-
tions for showing one set rather thananother. These
two functions are represented In Figure 3.

The professor function also requires '‘If...
then...'’ rules, but these are rules that make the
use of lower order rules contingent upon specific

Flgure 3. System of criteria for declslon- ~making
in Idiographic programming.
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conditions. The professor rules imply teacher
rules. In other words, if a student performs either
better or worse than expected when a particular
teaching strategy has been used, then some, or all,
of these rules would be changed. This means that
at least one other teaching strategy must be avail-
able as an allernative to che one being used. When
an alternative Is used, frames may bedisplayed that
would not be displayed if the previous stralegy had
teen used continuously.

An example of a pair of strategy rules which
could be .:sed by a system on an efther/or basls
would be correcilon procedure with an inductive se-
quence rule or with a deductive sequence rule. In
using these strategles, it is necessary to have the
conditions specified and a criterlon available so that
it s possible to determine i the student failed to
meet the performance criterion. 7 isuming that he
failed to meet the criterion when he was taught by
the inductive stzategy, he would be shifted toa de -
ductive strategy in the next setof frames. Inac-
complishing this change, the criterion for the pro-
fessor function might be ten consecutive correct re-
sponses none of which takes more than hall a minute,

Whenever the student {s being taught by one strat-
egy rule, the teacher function Is in control. How-
ever, the shift from one teaching rule to another is
accomplished by the professcor functinn which be-
comes effective whenever student respon: 2s fail to
meet a criterion. Every time the student’s pesform+
ance falls to meet the prolessor criterion, one or
more rules of instruction are changed. 1l a teacher
criterlon {s not met, then the decision that is made
is specified by a particular rule. The differencebe-
tween the teacher and professor furcliors ~an be
made more explicit by indicating that the use of one
teaching rule may utilize a fixed set of instructiona)
and feedback frames whereas the useof twoor more
rules may utilize additional informational and/or
feedbac'. frames. Therefore, with an executive pro-
gram that can make rule changes and use different
criteria for the changes, students may see materials
when one rule is being used that they do nk see If
another one Is belng used.

Two types of criteria can be used in making de -
cisions about insiructional rules. One type of cri-
terfon is a predclermired value; it may be a value
for errors, for time, or for a combinationof both
of these. It Is illusirated by a conditional state ment
such as *If the student makes threeor morecorrect
responses (o this set of f[rames, then continue with
the use of rule x.”" The other type of critarionis
generated by an algorithm, or computationsl fora1-
la, on line. This latter type of criterion is not pre-
delermined; rather the algorithm and the natere of
the data it uses are predetermined. Student re-
sponte data are processed as they occur and the re-
sult of the processing is Lthe criterion value used in
declding to contirue or discoatinue using arule, The
following is an example using response rate. U the
student’s rate of responee increases =0 that the val-
wes {it a linear incremental functica within a speci-
fied range of vatiation in slope, the strategy that is
being used to teach him is maintained. M hisrate
of response does not it a linear function within the
range of permissible variation, the strategy shiits
to the use of etrongetr positive evalvative fecddack.

Another example of a computed criterion Is the use
of a mean value based upon the performance of stu-
dents who have just been taught. As each student s
taught, his data are used in the re-computation of
the mean and standard deviation which become the
new criterion in making a decision with the next
student. In this sense the system hasa memory,
for It accumulates data on students it teaches and it
adjusts its future performance based upon the way
in which it Is programmed to use the accumulated
data. These are 3ome of the ways in which
SOCRA'TES can utllize response history andcriteria
to deterniine its future operation. Thus it functions
as a cybernetic system. A compleie record of each
response and Its latency is avallable. These data
can be sumnied across topics or across students as
desired to obtain a periormance measure that is
read out or used Internally by the system for educa-
tional or research reasons, Furthermore, all rec-
ords are kept for a student rather than for a station.
In other words, a student can movefromone statlon
to another and the system k2eps all his records to-
gether. He can stop and start up again at any time
and the system has immediate access to all of his
test scores and past responses t hat it was pro-
grammed to save,

IMPLEMENTATION OF THE MODH

In order to accomplish the teaching functions of
the idiographic contingency model, it Is necessary
to prepare instructional materlals, including tesls,
and to wrile computer programs to manage the in+
structional materials in order to collect the data
and to process it.

LOADING THE SYSTEM

The preparationof instructional materials
for use in SOCRATES involves two processes, One
s pbotography; the other Is computer progra mming.
The student looks at photographed Images of printed
or drawn materials, These can be relatively con-
venlional programmed instruction frames, since
pre-tutorial decisions can be based either upon ex-
tant standardized tests of achievement, abllity, ap-
titude, and personality, or upon specially-prepared
tests. A corvenience of SOCRATES, which does
not exist for some other computer-based sy stems,
is that any test material prepared in conventional
form can be photographed and used on the system,
Processing materials to make them actually avail-
able under computer control can be accomplished
relatively quickly since they simply needtobe photo-
graphed and then a program can te writtento con-
trol the duration snd sequence of their display. The
students’ responses are recorded and scored auto
matically.

When matetials are loaded oh SOCRATES there
are two perts to the content of its library. One is
the displayable inlor mation stored on 35 mm. (ilm
for which there is a maximum reel capacity of 1,500
frames; the other 1s the program In the memory of
the compater, both core and disk, in whichthe iln-
structional strategles and student data are stored.
It is necessazy to write a tomputer program (o con-
trol the presentation of eachframe of f1im and to
process any data ‘o be used on-line, With computer-
based systems that use a CRT display, however, it

kit
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is necessary to write programs wilich generaie the
test items and the displays of prcgram frames.

A more Interesting use ¢ SOCRATES occurs
when educational programs are prepared especially
for the s'stem. I' Is possible to introduce a great
deal more variatior in the logic of instruction with
the system than otherwise would be possible, Fig-
ure 4 presenis a set of very simple fiow diagrams
associated with some research conducted with pro-
grams especlally prepared for SOCRATES (Merriif
and Stolurow, 1856}, It also illustrates someof the
discriminations that are made among materials to
provide opportunities for {lexibility in programniing.
P frames are those f[rames whichrepresent pro-
grammed maierials. F framesarefeedbackirames.
C frames are frames which corcect the student. GR
frames are frames which provide for general re-
view of the point covered in the P frame, and SR
frames are frames which glve specific reviews to
the student. By providing these different types of
frames in the film library, it is possible toroute
the student through selected subsets of the minwhat-
ever sequence seems most desirzble. A computer
program must be written to do this. J*would be
wriften to provide for the contingencics of a set of
instructional rules.

The upper left parelof Figuredisaflowdliagramin
which a set of these frames is used to provide cor-
rection and reviewInalesson. By correctioaproce-
dure, we meanthatthe student must mak~acorrectre-
sp.. e to the material coveredinthe P framebefore
he is allowed to go on to the next P frame, U, how-
ever, it is desirable to route him through a review
frame on this same material when the student re-
sponds in a way which the educaticnal programmer
teels indicates a review, the computer program is
written to do this. The ro-correction procedure is
fllustrated in the upr:r right panel. Inthis case
the student is allowed to goon to the next frame
whether he Is right or wrong; however, he s firsl
shown an F frame which tells him he is efther cor-
rect or incorrect. The use of a no-correction rule
Is typicai of a linear programming sirategy.

The lower half of Figure 418 a flow chart of the
correction procedure and of the no-correction pro-
cedure as each is applied Lo ques’tons in ordinary
multiple-choice testing. The Q Irame, or question,
now replaces the P frame. The arrangement of P
and Q frames on the film can be 8¢ uvp In whatever
manner seems most efficient for us. with the strat-
egies that are intended for the students. The loca-
tion of the frames In relation to eact ctheron the
film makes it possidle *o locate quick.; the frames
that could follow each )’ frame. The teason for this
is to minimlze the Interval between the presentation
of one frame and the retrieval of the next,

The decision rules to accomplish the various
strategies are frequently ptesented initially in fiow
charts such as those in Figure 3. A group of oneor
more leaching rules may be required to implement
» teaching strategy. Similarly, a s¢t of decision
rules or of teaching sirategles comprises a teath-
Ing logie. The ute of one or mure stiategiestan
be thought of as being employed at diflerent points
in the student's program to define the teaching
sirategy used with \het program,. M »particalar set

Figure 4, Program flow diagrams illustrating the
experimental conditions of correction/review and
no correction/review on lessons and quizzes.
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of conlingency rules ls used to provide the instruc-
tional strategy and a set of one or more strategles
Is used to make up the teaching logi¢. taen the sys-
tem is more or less adaptive to Individual student
needs depending upon the extent to which the partic-
vlar set used to teach a student was determined be-
fore the student started. 1f the set was determined
prior to Instruction, the system Is not as adaptive
as if it were determined while he was learning and
depended upon his performance during learning.

The research problem in naking the system
adaptive in an effective way is to determine thecon-
tingenclies to use and the criteria so thatthecom-
puter-based instructional systemis programmedto
implement those contingencies that Instruct most
efficiently. This Is the primzry problem in the fur-
ther development of the Kiographic contingency
model. Inorder to solve this prodlem 1t will be
necessary to begin by using the systems ina less
adaptive level than they are capable of performing.
Studants with different characterisiics will be as-
signed to strategies to determine their relative per-
formance.

Code line of library table. A code line of a li-
brary table I« presented in Figure 5 1t represents
one of the two sets of computer materlalsused to
control Instruction. The 1idrary table consists of
lines of code which determine the frame locations
and the varkous legal buttons which the student may
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Flgure 5. A code llne from a library table.
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use in responding to displayed material. The illus-
trated code line presented in Flgure 5 isfor instruc-
tional frame nutber 7 of a program. This is indi-
cited on the left by the number 0007, Assoclated
with each Instructional frame Is & setof lettered al-
ternatives each of which ia specified by a rule that
is part of a teaching strategv. Each letter in the
code line Is associated with a frame addreas to
which the student will be taken U he makeas that re-
sponse, I, for example, he makes the correct re-
sponse, ‘'C'’ in this example, the filmis moved
elevenframed forward. ‘‘C''Isacorrectresponse,
The correct response alternativesare alwayalisted
before the incorrect ones, and after the first one
the other correct aiternatives are starred. There
is only one correct response in the example. After
Y'C,"" the letters “B’’ “*A"" *‘R'' appear. Eachis an
allowable incorrect response. If any other key is
used it results in no change in the display.

In addition to the library table there s the com-
tuter program which actually mansges the move-

ment of the program frames and the timesof display.

The varlous strategies s nd levels of adaptivity pre-
vioisly described can be accomplished through the
use of these two sets of rraterials.

RESEARCH

Some of the research which relates to the idlio*
graphic model follows. Whiie the model speciiies
the typea of contingencies that appear tobe s .[iclent
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for the deslgn of adaptive learning environments, the
exact nature of the contingencles which will max§-
mize the rate of learning remains to be deter mined
bty research. Some studles which have provided in-
formatlon about contingency relationships canbede-
scribed briefly. Since they are insufficient to docu-
ment all of its facets, the studles mainly provide
support for the general validity of the model.

THE EFFECTS OF SEQUENCE UPON APTITUDE
REQUIREMENTS FOR LEARNING

A matrix of inter-correlations between a partic-
ular set of aptitude scores and the galn scores re-
sulting from a learning experience Indicates the ex-
tent to which the gains can be predicted from the
various aptitude scores (DuBolse, 1962). The sig-
nificance level of each correlation indicates whether
the aptitude is or Is not a signti.oont factor in deter-
minlng the galn acore which students make. H stu-
dents are randomly assigned to different teaching
strategies, and a single set of aptitudes 13 related
to the gains made, then differences in the correla-
tions Indlcate that an aptitude is involvedinlearning
ander one strategy but not under ancther, Thistype
of information relates to the diagnostic aspect of the
model in that the torrelations would Mentify the ap-
titudes that could be used In rssigning students to
the instructional strategy that willresult in the
greatest galns. N the strategiea consis® of rulea
that determine the frame sequence, then the students’
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aptitudes could be used fo determire their optimum
sequence.

One characteristic of teaching materials which
can be made contingent upon aptitude Isthe sequence
of [rames presented to the student. If studles show
that the size of the correlations between particular
aptitudes and learning scores varles when different
sequences of P frames are used so that some stu-
deats do well when they learn withone sequence
while others do well with a different sequence, itcan
be assumed that there is a rule that determines the
sequence which would be best to use for a student
whi ls relatlvely high in a particular aptitude and
relalively low In another. Research revealing that
aptitude-galn correlations do change when different
stralegies are used provides support for the ldio-
graphic contingency model. U aptitvde-gain corre-
lations do nct change significantly, then thls type of
model would be fnappropriate.

Asynchrony as a measure of sequence. One prob-
lem that arises in using a diagnostic- prescriptive
approach it the lack of critical information. Critl-
cal information might be obtained throughthe use of
varlables In research that can be implemented in a
relectlve way. For example, if {rame 2iquence is
to be manipulaled selectively ther ic Is important to
have the rules for manipalating sequences soformu-
lated that they can be impleinented easily. There-
fore, the way in which the sequence of {rames, or
displays, is characterized is important. The con-
cept of asynchrony as applled to critical and non-
critical stimulus elements appears to be quite use-
{ul for this purpose (Detambel and Stolurow, 1956).
Asynchroay can be exemplified in the followlng filus-
tration involving color, size, and shape. If all
frames in a program use color, size, and shape of
a set of objects and the student is learninga concept
fnvelving one of them, such as color, then color Is
the criticai cue. Consider some of the things that
happen in going from [rame to frame in a sequerce.
The color may change from one frame to the next =~
for example, from red to blue ~ but the size and
shape may not. In this example, not only are color
and size asynchronous with respect to one ancther,
but also color and shape are asynchronous, If this
pattern of asynchrony existed in a program, thenas
the learner went from one frame to the next, color
would change but neither size nor shape would change.
It is highly untikely that this set of relatlonships
would contlnue indeflnitely, but that is not the point
belng made at this time. The point being made is
that for a series of frames it is possible to look at
changes in critical characteristics and determine
what other characteristics a.sochange or donolt
change. In this way It is possible to determine the
number ¢f pairs of changes in stimutus characteris-
tics which take place in going from one frame to the
next one, U one characteristic, such ascolor, is
critical to what is being taugh, and other character-
Istics are hot, then two different types of asynchro-
nous sequences can be identifled. One consists nf
asynchronous sequences in which a critical feature
changes but a noncritical one does sot. This can
be called a CC type of asynchronous sequence since
the critical characteristic changes. A second asyn-
chrohous sequence exiets when a criticalfeature
does not change but a nonceitical feature does, This
can be called a CNC type of asynchronons sequence,

Two opposile types of sequences also can exist.
These are called synchronous sequences, One type
occurs when both a critical feature andanoncritical
feature change; the other occurs when neither
changes, or, in other words, the display isrepealed.
These ways of characterizing sequences have been
founc' lo be useful In organizing materials in several
studies {e. g., Detambel and Stolurow, 1956; Stolu-
row, 1856; Stolurow, Fogel, and Fogel, 1966; An-
derssg,n, 1966} and recently in Germany by Kotter
(1965).

These concepts are treated nore extensively in
Stolurow (1956) and in Garuer {1962).

The use of class-descripgive cues. The measures
of asynchrony, while reliable for a particular frame
sequence, do not, however, ldentify a unique ze-
quence of frames. Using the same set of frames it
Is possible to make up different sequenc es which
have the same amount of asynchrony. Inother words
it a sequencing rule were used byacomputer to gen-
erate an asynchronous sequence the computer would
not recessarlly generate the same sequence each
time the rule was used, However, In all cases the
frequency with which CC and CNC typesol sequences
occurred would be the same. Since this is so, itis
useful to differentiale among sequences with the
same asynchrony value. A way of doingthls isto
use the concept of class-descriptive cue (Stolurow,
1956); any feature that does not change from one
frame to the next frame within a subset of two or
moi e {rames of a program can function as a class-
descriptive cue. Therefore wherever there is more
than npe featuse that can be useful to the learner,
the fraines should be organized into subsets with a
class-descriptive cue that is related to one of the
objectives of Instrustion. The data thusfar collect-
ed indicate that the use of class-descriptive cues in
organizing displays does facilitate learning (Stol-
urow, 1956; Wullf and Stolurow, 1957},

The elfecls of sequence changes on the relation-
ship between aplitudes and galns. An asynchroay
rule in combination with a cue-organizing tulecan
prnduce sequences that provide cta ss-descriptive
cues for the learaer. This teaching logic appears
to be a useful way to synthesize a program of in-
struction.

Two studies will be reported here to indicate the
results of this approach. in both studies analyses
were made of the data to determine the resvlting re-
lationships between agtitude and galn scores when
difterent sequences of the same frames were used
for Instruction,

The first study was conducted by Cartwright
{1962). He used a fractions ptogram whichwaspre-
sented to mentally - retarded students during second-
ary-level instruction. Two varlationsof the instruc.
tnal material were prepared. lnone program
there ~vas a systematic increase and decreaseol the
numetator and then the denominator of the fractions
presented to the student as he wentfrom fra.ne to
frame. In the other alternative, which was made
wp with the same frames, the sequerie used did not
maintain this relationship. The comparison of the
two groups was thereiore between a program with a
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TABLE 1

CHANGES IN CORRELATIONS BETWEEN APTITUDE AND LEARNING SCORES FOR DIFFERENT
SEQUENCES W1TH EQUAL AMOUNT OF ASYNCHRONY (CARTWRIGHT, 1962)

Sequence with Systematlc

Sequence with Non-systematic

Indlyvidual Incrensent and Decrement Increment and Decrement
Characterlstics (N = 20) (N = 16)
Mental Age - WISC
Verbal .02 -. 28
Performance .26 -, 50
Total .17 -, 49
Menta: Age - Blnet .18 -, 49¢
Language Aptitude .12 -, 54¢

*p<.05

class-descriptive cue and one without a class-de-
scriptive cue. Some of the data are reported in
Table 1.

Cartwright found, for example, using a total v+
telligence test score from the WISC, that a ., 17 cor-
re'ation existed with final achlevement orgain
scores under the class-descriptive cue (CDC) condl-
tion; whereas a correlationuf ~, 49 wasachleved
with a sequence that did nothave aclass-descriptive
cue, With the Binet intelligence test scores com-
parable correlations were obtained, namely, . 18
and -, 49. Even more interesting Is the palr of cor-
relations with the verbal aptitude test: a positive
correlation of . 12 was obtained with the CDC se-
quence and a -, 54 with the other sequence. These
data iIndicate that verbat aptitude becomes more or
less significant as a contributor to learning depend-
ing upon the sequence in whichtheframes of the
program are presented.

The difference in the correlations for the two se-
quence’ Indicates that It ix possible within a 30-point
1Q range,from 53 to 83 In tais case,to predict from
elther the grneral intelligrnce measure of the ver-
bal aptitude measuse whit the residual scores of
students will be under the non-CDC sequence. This
weans that with the CDC sequence nelther intellj-
gence nor language aptitude playa a algnificant role
in determining the residual scores within thia range
of ability, With another aequence, bowever, these
abilities played & more important part In determin-
ing what the arudents leatned.

A second study, dealing with sequence difier-
ences and also employing & Iractions peogram, but
a2 different one, was corducted xith normal studenta
in elementary schools in Champaign, 1llinols. This
stody was completed recently and revealeda pattern
of relationships between aptitudes and learning as a
result of sequence differences which waa similar to
that reported In the Cartwright study. Tadle 2 sum-
matizea the set of correlations between pairsof var-
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lables which differed significantly for the two de-

grees of asynchrony. While there were other sig-
nificant differences between the effects of these two
sequences in addition to those shown in this table,

these differences Lllustrate the point that changes

{n asynchrony can alter the aptitude requirements

for achievement.

The data from both studles supportthe idlograph-
ic contingency model described earlier. They Indi-
cate that effective indlvidualization of instructlon can
be accoroplished by using teaching rules that offer
instructional sequences which fit the aptitude char-
acteristics of each student, The use of sequencing,
and particularly of asychronous sequencing with
CDC's needs to be studied further to determine the
sequencing rules which are sorelated to the stu-
dents’ aptitudes that the best match for maximizing
his performance is achleved. The research prob-
lem facing us now is to determine the specific kinds
of relationships one needs to take intosccount in
mehing the best match between aptitudes 2nd rules
for generating particular sequences of fre mes.

THE EFFECTS OF VARIATIONS IN ENCODING ON
APTITUDE REQUIREME:ITS

Another aspect of a teaching strategy isthe form
of symbol used to express a set of conceyts or, in
other words, the encoding employedtocommunicate
the concepts to students. A recent study (Stolurow,
Frase, and Odell, 1966) of encoding differences em-
ployed two different sets of notation inteaching logle
to college students. Ore program ustd the Peano-
Russell nolation system, the other the Polish ncta-
tion system. Inall other tesgects the two pro-
grams were Mentical. 7Tnus, any vatlations in out-
come could be attributed to the encodingdiiferences

The first set of results (Tadble 3) indicates rather
clearly that wnder the P:ano-Russel notation system
American stodents perform $h a manner that {8 pre-
dictable from a set of aptitude testa. Compatabdle
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TABLE 2
CORRELATIONS RETWEEN IQ AND PERFORMANCE AND

RESEARCH AND DEVELOPMENT TOWARD THE IMPROVEMENT OF EDUCATION

BETWEEN SPECIFIC APTITUDES AND

PERFORMANCE FOR DIFFERENT DEGREES OF ASYNCHRONY (UNPIBLISHED STLDY)

Variables

Sequence with Less Asynchrony

Sequence with Higher Asynchrony

California Test of Mental Maturity

Total IQ and Gain Score +.01

Non-verbal IQ tnd Gain Score - 13
Towa Tesl of Basic Skills

Spelling and Gain Score -, 32
Stanford Achievement Test

Arithmetic and Galn Score -. 46

.73
. 55¢

. 560

.10

*and **: The two correlations are significantly different (

TABLE 3

rom each other; *p <.05; **p<.01

CORRELATION OF DIFFERENT APTITUDES WITH PEKFORMANCE ON A TEST COVERING IDENTICAL
CONTENT TAKEN AFTER LEARNING THE POLISH OR PEANO-RUSSELL NOTATION

A ptitudes for Inductive
Croup Vocabulary Mathematics Reasoning Inference
Peano- Russell .21 La1e LA1ee .01
Polish .09 .18 -.01 .01
*0<,05 $99<,01

students, when trained with the Polish notation sys-
tem, however, achieved gains which did not corre-
late significantly with the sane aptitude tests. Thus,
it appears that these apiitude measures are predic-
ting tire processing skills which are required of the
learner by the symbol system used to encode the
concepls snd not the actual learning of the fogical
concepts themzelves. This seemstndbearather
clear finding since the cotcepts of logic were lden-
tical in the two programs. The procesting skills
which are required to decode the symbols represent-
ing these concepls appear (o de quite different. De-
coding the Polish expressions requires thata person
trained to process English and mathematics state-
ments be able totranspose symbols incrder to
make sens> out of the displays presented to the stu-
dents. These data indicate that &ne canteach the
same set of concepls to students by two differert,
but presumably equivalent, encoding systems and In
doing 80 can change not only the aptitude requice-
ments tor learning but also the transter elfects
which the training produces. The data also Indicate
that the Peano- Russell nctation system is superior

to the Polish system for students trained {n prec-
essing th» English language.

THE EFFECTS OF VARIATIONS IN EVALUATIVE
FEEDBACK ON PERSONALITY REQUIREMENTS

Still ancther set of contingencies rertainingtothe
model are those relating personality characleristics
of the learner to his perfor mance gains when differ-
ent conditions of evaluative {eeddback, or social re-
inforcement, are employed. Soclal reinforcement
in these g'udies means evaluative feeddack state-
mem. which tell the student about the quality as
well as 'he correctness of his response, Thus, ap-
proval co1ld be expressed in evaluative statements
such as, *‘Excellent, you are coming along fine "
ot “Right on the button''; for negative eviluation,
or repreol, evaluative statements suchas'No, you
are not hinking,* **No, what a siily mistake to
make'’ express the attitudes,

Each of these kinds of statements was given to
different groups of students all of whom studied the
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TABLE 4

CORRELATIONS BETWEEN PERSONALITY VARIABLES (a) PERFORMANCE, () ATTITUDE AND (c) TIME
UNDER FOUR DIFFERENT CONDITIONS OF SOCIAI, REINFORCEMENT (FRASE, 1965)

Aggresslon/ Aggresslen/ Deference/ Deference/
Group Performance Attitude Attitude Time
Condition 1 ¢ .15 .7 -, 05 .01
Conditlon 2 + -. 44 -. 50¢ -.08 .48¢
Conditlon J - .35 RELLD -, 59 .37
Conditlon 4 0 -. 50* -.16 . 00 -. 40
*p<.05 s94p <, 005

same basle program In logle (Frase, 1963). Group
one (+) had correct and incorrect responses eval-
uated. Grouptwo (+) had only their correct re-
responses evaluated. Group three {-) had only their
Incorrect responses evaluated, Group four (0) had
no evaluation of elther cne, just knowledge of results.

In Table 4, three sets of correlatlons are of in-
terest, One set s between personality test scores
and learning scores {e.g., aggression/perform-
ance); a second (s between personality scores and
attitude (e.g., aggression/attitude); and a third set
i2 between personality and learning time. All three
sets revealed that each ot the tour experimental con-
ditions of social reinforcement wa s most suited to
a different personality group, Three personality
characteristics, aggression, deference, and intra-
ception (Murray, 1938) were found to be fmportant
in relation to performance under the four different
condltions of social reinforcement. For example.
students who were high in aggression performed
best when they were given negative evaluation of
thelr wr responses ard not given posltive evalu-
ation of their right responses, Under * »#0 condi-
tions = number 2, positive evaluation, a..a number
4, no social reinforcement - aggression was related
negatively to performance. In other words, for the
students high In aggression, performance was im-
paired under these conditions, Under condition
number 3, negative reinforcement, aggression was
related positively to attitude but unrelatedto achieve-
ment. But the relationshlp with performance, al-
thcugh positive, was not aignificantly different from
tero.

Under the punitive conditions (number 3) high
deference was related to lower attitude but was not
related to achievement performance,

Intracegtion was negatively cc-related with epeed
and elliclency, and related to high attitede under
tmaximum so¢ial reinforcement, condition pember 1.

In another stud? by Parisl (1963) the basic para-
digm of the Frase study was replicated and an add!-
tiooal persomlity cest, the Cattell 18 FF,wasgiver
pelot to learning. All materiais were administered
In Ralian to ltalian udents in Haly. These results
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support those of Frase .nat negative evaluations
were more Importart that positive evaluations, Fur-
thermore, positive reinforcement was mor ¢ effe’-
tlve than negative reinforcement in reducing the cor-
relation between Intelligence and performance. Per-
formance on the ackievement test was related to
deference, or lack of need for autonomy, when so-
cial relnforcement was used. When no social reln-
forcement was used, performance wasrelated to
need for achievement and exhibitionism,.

The data from these studles seem to show that
it is possible to alter the quality and speed ol the
performance as well as the attitude of students by
the way in which soclal reinforcement isusedduring
the learning experience. They further suggest that
it might be possible to achieve an optimum matching
of personality characteristics with social reinforce-
ment condiiions for each individual student so that
the general level of effectiveness of Instruction can
Le raiaed by indtvidualizing these contingencies.

SUMMARY

This paper summarizes a geperal mode! vs-d to
design a computer-based lnstructional system. This
Kiographic contingenty model defines classes of
variables that are presumed to be Imporiant in adap-
tive instruction. It also speci{ies relationships be-
tween those variables that characterize the learner
belcre and alter learning which can be uaed selec-
tivaly to individualize instruction. Included among
the ‘‘before’’ measures are krowledge, aptitude,
and pereonality. The data indicate thatthe *before'
measures have different relationships with the *'af-
ter’’ measures (e.g., amount learned and attitode)
under different conditions of learning. These data
support the mode).

The kinds of decisions that need to be made to
individualize irstroction were discussed and 2 set
of tesearch studles relating to them was descrited
briefly. Relevance of the duta to the model was in-
dicated and it was pointed out that learning environ-
ments can be made more adaptive by using appro-
priate matching of: {2} sptitude and sequence ¢ 0 n-
tingsncies; () aptitude and encodng contingent les;
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CORRELATIONS BETWEEN INTELLIGENCE SCORES AND PERFORMANCE VARIABLES -
(a) MIDPROGRAM TEST, (b) POSTTEST AND (¢) ERRORS IN PROGRAM - UNDER FOUR DIFFERENT
CONDITIONS OF SOCIAL REINFORCEMENT (PARISI, 1969)

16 P. F. Factor B

Verbal Re2sonlng

Intelllgence with with
Group? LM LP E LM LP E
Condition 1+ -.07 .3 -. 22 -. 15 .05 -
Condition 2+ -.18 .51 -.17 . 40 .37 )
Condition 3 - .38 . 49 -. 44 . 40 490 -.23
Conditlon 4 0 .48 .42t -. 46* 474 . 46* -.18

AThe social relnforcement condltlons are coded as follows: Condltion 1+ mean posltive and negative social
reinforcement; Corditlon 2+ 1s poslitive onty; Condltion X~ is negative only; and Condltion 4 o Is neither

positive nor negative.
b

*p <.05 ¢ep <, 01

and (c) personality and evaluatlve feedback contin-
gencles.

The technological capability for accomplishing a
high degree of indlvidualization in instruction exists,
The problem now Is to find the critlcal psychological
and educational dats which would make such a tech-
nological capabllity an effective meansof instruction,

HOOTHOTE

1. This paper appeared as Technical Report No. 12
from the Training Res~arch Laboratory, Of -
fice of Naval Research, Contract NONR 3985
PO‘G)C Urbana, lilinots: University of iliinols,
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{nstructional Methods and Teacher Behaviors

TEACHING METHODS, or the system of interactions which occur be-
tween a teacher and students, have been the subject of many investigations in
the last decades. In this Part, iwo recent paradigms for research on teaching are
presented. N. L, Gage points out that the global research on teacning methods
has not produced consistent, replicable o1 useable results, Therefore, a different
and more limited approach must be used. In ‘"An Analytical Approach to Re-
search on instructional Methods' he discusses micro-teaching, a technique which
permits limited subsets of o comprehensive 1eaching system to be explored ana-
lytically. Micro-teaching permits the gathering of data on a limited set of student-
teacher interactions during a short span of time, loss than a cluss period. From such
research ‘'micro criteria’’ of effe.tiveness may be hypothesized and tested in ferms
of technical skills observable within the micro-1eaching situvation,

Ar.other analytical approach to research on teaching is proposed in
the paradigm set forth by Ned A. Flanders in "Interaction Analysis and Inservice
Training.” Flanders proposes o system of research in which a limited number of
calegories of studcat-leacher interaction is used in observing classroom interac-
tions. Interaction dota are recorded ot 3 second intervals. The resultant matrix oi
data ollows rather eflective analysis of the verbal interchange belween the teacher
and the pupils. Interaction onolysis is discussed in terms of its use as a research
tool and as a means of eflecting behavioral chonges in teachers, such as inserv-
ite programs.
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me: An Analytical Approach to
Kesearch on Instructional

Methods

INSTRUCTIONAL method constitutes
one of the most important and promising but also
the most frustrating of the areas of educational re-
search and development. Compared with the areas
of learning, subject matter, instrt..tional materials,
and organizationfor instruction, instructional meth-
od appeals to the classroom teacher as closest to
the heart of her problem. Itis all right for a teach-
er to know about Jearning, to know his subject mat-
ter, to have appropriate instructional materials,
and to fit into a given «rganization for {nstruction.
But what a teacher really warts to know s, ‘What
should I do in the classroom?' ¥ you ask prospec-
tive teachers or teachers on the job, ‘“Where do
you really want help?’ Ithink tha reply will deal
with some aspect of Instructional methods.

Unfortunately, the urgency of this demand has
not been accompanied by corresponding success in
meeting the demand. Research on teaching has
ylelded relatively few solid and usable results,
The stature of theory and research In other areas
puts them well ahead of the study of teaching in the
stcuggle for scientific maturitr.

Implicit in what I am sayl g is a basic distinc~
tion between research on learning and regearch on
teaching. The former deals v;jth a:l the conditions
under which learning, or a change in behavior due
to experience, takes place. And as!have already
indlcated, the study of learning 18 rela'ively ma-
ture, well established, with .nany volumes of sub-
stantial literature to its credit. Hesearch on teach-
Ing, on the other Land, deals with a subset of the
conditions under which Jearning occurs in one per-
son, namely, the conditions established by the

mamuen  Nathaniel L. Gage

Stanford University
Palo Alto, Californio

behaviors of another person, called the teacher. As
our schools have developed during the past two or
three millennla, we have always attampted to pro-
mote and Improve the learning procese through the
intermediation of such another person. Until very
recently, the assumption that teachers were helpful
or even necessary for many Important kinds of learn-
ing thatsociety wanted to promote went unchaltenged.
Even today, the challenge of independent study or
computer-assisted Instructlon and other devices Is
a mere whisper against the thunder of the assump-
tion that teathers are necessary, that teachers are
here to stay. Mydiscusslon of instructional methods
is going to be based on that assumption. Itistherel-
atively neglected, undernourished, and underachieving
subset of research on learning which 1 ¢all research
on teaching that I shall deal with hers.

RESEARCH ON TEACHING

The Starford Center for Research and Develop-
ment In Teaching is devoted to this problem area.
In ite conceptual framework, teaching, or the behav-
fors and characterlstics of teachers, stands at the
center. This domain contains variables that serve
as both independent and dependent variables in the
Center’'s program. When tho teachers’ behavlors
and characteristics serve as independent variables,
and the pupils’ learning and behaviors serve as the
dependent varlables, then we have research on
teacher effectiveness, or, more neutrally, vesearch
on teacher effects. On the other hand, when teach-
ers’ behaviors and characteristics serve as the de-
pendent variables, and teacher education programs
and procedures serve as the independent varlables,
then we have research on teacher educatlon. Taking
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both researchonteacher ed.icatlon andresearch on
teacher effects as our domain, we have research
on teaching, as Itis understoo inthe Stanford Cen-
ter. My subject ls the Ceuter's program of re-
search and develupment on {nstrvctional methods,
and my procedure will be to work from the past to
the present, from the general to the specific, and
then to try fora look at where we are golng. When
I get down to specifics, I shall be dealing primarlly
wlth research in which I am involved, rather than
all of the res¢.wrch unuerway In our Center.

PAST RESEARCH

But first, let us look at where research on teach-
ing has been. Asthe behavicral sclences go, it has
a resgpectably long history but a regrettably Inglorl-
ous one. Research on teachlng has bven gulng on
almost as long ae ressrarch on learnlng. Some
studies were v, - d€ in the 1910’s and 1020’s, and
quite a few we~e¢ made during thre 1930’s. By the
early 1950’s, substantial reviews and bibllogra-
phles of rasearch on teackIny began to appear. And
durlng the last Jecade, the flow of research on
teaching has Indeed become significant, But the
early years did not pay off in solid, replicable,
meaningful results that had considerable theoreti-
cal or practlcal value. Positlveand signiticant re-
sults were scldom forthcoming, and they survived
replication even less often. The research yl»lded
marny findings that did not make sense, that did not
hang together in any meanlngful way.

Undar these conditlons, as Kuhn (1962) has
pointed out, research workers are Impelled to re-
examine their {irst principles, the paradigms by
which they gulde their efforts. The model prob-
lems and solutions of the communlty of researchers
on teaching were accordingly subjected to more
and more reappralsal. Licking the wounds inflicted
by their negatlve results, researchers on teashing
baflt up a modest literature of new conceptual
fraweworks, approaches, and paradigms for re-
search on teachlng.

To illustrate, let me refer to one of the domi-
nant paradigms that even today leads many discus-
sions and research projects into the wilderness.
This i8 the paradigm that says that what we need
above all, before we can select and train better
teachers, is the criterion of teacher effectiveness.
Here is one example of that kird of approach:

The lack of an adequate, concrete, objec-
tive, universal criteriin for teaching ability
{s thus the prim..y source of trouble forall
who would measure teaching. Orne typical
method of attack used In rating scales s to
complle a list of broad general tralts suppos-
edly desirable for teachers, with respect
to which the rater passes judgement oneach
teacher. This amounts to an arbltrary def-
Inltion of good teaching, which is subjec-
tive and usually vague, but it does not nec-
essarily lead to an identification of [t. Only
if the traits themselves can be rellably iden-
tifled can their possessor be identified as a
t1good teacher’’ according to the definition
la}d down in the scale. Even when the scals

is made juite specific, relating not to gener-
al traits but to concrete procedure, the funia-
mental difflculty remains, that there 1s a0
external and generally accepted criterlon a-
gainst which the scale can ve valldated to
egtablish the significance of its ftems
(Walker, 1935, pp. x-xl).

This kind of wrlting Implies that there 18 some
magic variable that applles to all of teaching, for
all piplls, at all grade levels, in all subject mat-
ters, and in all objectives. The phrase ‘‘the crl-
terlon of teacher effectlveness’’ betokens a degree
of generallty that has seldom been found in any
brarch of the behavioral sclences. It also reflects
the mistaken notion that such a criterfon, lurgely
a matter of values, can be established on the basis
of sclentific method alone.

RECENT RESEARCH

The so-called criterion problem misied a whole
generation of regearc’.ers on teaching, embroiled
them In endless and frultlezs controversy, and lured
them Into hopelessly ambitlous atterapts to predict
teacher effectiveness over vast arrays and spans of
outcomes, teacher behaviors, time intervals, and
pupll charact:ristics, alt on the basis of predictive
varlables that had only the most tenuous theorctlcal
justification in the first place. It ls little wonder
that, when Berelson and Steiner (1964) dealt with the
subject of teachers® behavlors and chaiacteristics
In thelr inventory of scientific findings in the behav~
ioral sciences, they dismissed the ‘‘large number
of studles’ with the single dlemal sentence that
‘“there are no clear conclusfons’’ (p. 4. :).

If the global criterlon approach had proved to be
sterile, what was the alternatlve? The answcr was
to take the same path that more mature sclences
had already followed: H varlables at one level of
phenomena do not exhiblt lawfulness, break thein
down. Cnemistry, physics, and blology had, ina
sense, made progregs through making finer and
finer analyaos of the phenomena and events they
dealt with, Perhaps research on teaching would
reach firm ground if it followed the same route.

Apparently, a number of students of the problem
had thls general ldea at about the same time, In
1962, writing my chapter on paradigms for the
Handbook of Regearch on Teaching, I coined the
term, ‘‘micro-criteria” of effectiveness. As 1
sald in that chapter:

... One solution wlthin the “‘criterlon-of-
elfectiveness'’ approach may ba the develop-
ment of the notion of ““micro-effectlveness,’’
Rather than seek criteriz for the over-all
effectiveness of teachers In the many, varied
facets of thelr roles, we may have better suc-
cess with criteria of effectlveness in amall,
specifically defined aspects of the role..,
a sufficient number of laws applying to rela-
tively pure aspects of the teacher's role, if
such laws could bs developed, might even-
tually be combined, .., to account for the
actual behavior and effectlveness of teach-
ers with puplls under genuine classroom con-
ditlons’’ (Gage, 1983, p, 120).
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A group of workers at Stanforu Universily, to
which I was to niove a few months later, took a sim-
flar view. In the Stanford program f{or tralning
secondary-school teachers, Robert Bush, Dwight
Allen, and their co-workers adopted wiat §g now
known as the technical skills approach. 7Technicai
skills are specific instructionaltechniguea and pro-
cedures that a teacher may use In the rlassroom.
They represent an analysis of the teaching process
i{nto relatively discrete components thit can be used
in different combinations ir: the continious flow of
the teacher's performance. The specific set of
technical skills adopted i the teacher-education
program at Stanford may be quite arguable, Indeed,
the 1ist of gkills has beenrevised a number of times
over the past few years, What Is important is the
anproach — the attempt to analyze teaching Into
limited, well-defined, comgonents thatcan be taught,
pacticed, evaluated, predicted, controlled, and
undezstood inaway that has proven to bealtogether
impossible for teaching vlewed inthe larger chunks
that occur over a period of an hour, a day, a week,
or a year,

When analyzed-teaching, in tha form of techni-
cal skills, ls made the focus of Lur concern, we
find it possible to do fairly satisfying research
both on teacher education and on teacher effects.
The satisfaction comes from being able to measure
or manipulate relevant independent variables, per-
form true experiments, or make careful analyse3
and measure relevant dependent variables.

The idea of technical skills may be [llustrated
by the ter ms used in a recent llst of such skllls,
One was called ‘‘establishing set,'' or the estab-
lishment of cognitive rapport between pupils and
teacher to obtain Immedlate involvement in the les-
eon; one technique for inducing a positive set is the
use of relevant analogies. A second technical skill
is that called ‘‘ertablishing appropriate frames nf
reference,’’ or points of view. A third technlcal
skill s that of ‘‘achieving closure,’’ or pulllng to-
gether major points, linking old and new knowledge,
ut approprlate points within a teaching #plsode as
well as at the end. A fourth technical skill is that
of “-using questions'’ in such a way as to eliclt the
kinds of thought- processes and behaviors desired
euch as slmple recall, or concept formation, or
evaluation. Other technicalskills are those In‘'rec-
ognizing and obtaining attending behavior, '’ *‘con-
trol of participation,’’ “‘providing feedback,'’ “‘em-
ploying rewards and punishments,’’ and ‘'setting a
model, "’

MICRO-TEACHING

These technical skills into which Important as-
pects of the teaching job have been analyzed are
nut merely the subjects of lectures and dlscussions
in the teacher education program. Rather, they
form the basls for the intern’s practice teaching
prior to his entrance into actual classrooms. This
procedure, well known by now as “‘micro-teaching,”’
consists In getting the trainee to teach a scaled-
down teaching exercise. Itls scaled down in terms
of time because {t lasts only 5 to 10 minutes. It is
scaled down in terms of class size, because he
teaches a group of not more thanfive pupils, who
are brought in and paid to serve as pupils in the

micro-teaching clinlc. It is scaled down in terins
of the tr.sk, slnce the tralnee attempte to perforr
only one of the technical skills In any single micre
teaching sesslon. The sessions are recorded on
video tape, and t'e trainee gets to see and kear him-
seif immediately after tie session. Whlle he locks
at and listens to himself, he receives criticismsand
suggestions from supervisors trained tobe both per-
ceptive and tactful. Then he ‘‘re-teaches’’ the same
lesson to a new small group of pupils in an attempt
to Improve on his first performance of the specific
technical skili that is hle concern In that sasslon.

Obviously, the general idea is subject to many
variations. The size of the class can be manipu-
lated; the nurber of trainees teaching a given group
of chlldren can be increased; the duratio.aof the les-
sons can be lengthened; and the nature of the teach-
Ing task can be made more complex 50 as to em-
brace a group of technical skills in their real-life
comblnations, But the idea of analyzing teaching
into technical skllls remains the heart of the method
and provides its power as a paradlgm for research.

The research on micro-teaching and technlcal
skills in the Stanford teacher education program has
taken the form of experiments In which various pro-
cedures for feedback to the trainee are manlpulated.
Professors Dwight Allen and Frederick McDonald
have organlzed a program of resecarch on variables
hypothesized to influence the learning of the techni-
cal skills of teaching. Their independent varlables
fall into three categories: practice varlables, feed-
} ek varlables, and demonstration varlables. A
practlce variable may consist in mlcro-leaching
versus teaching in an actual classroom. A feedback
variable may be the positive or negative churacter
of the feedback, or the medlatlon of the feedback by
another person rather than the trainee himself, Fi-
nally, a demonstration variahle may take the form
of symbollc demonstration, consisting of written or
spoken words, or perceptual demonstratlon, consist-
Ing {n elther 1ive or video-taped portrayals of the
desired brhavior; and each ¢f these can consist ei-
ther 7f self- modelirg or modeling by others, Other
indepandent var lables have heen identified, such as
the timing of a reinforcement, the amount of prac-
tice, and the amount of {eeciback,

This condensed descrip.lon of the Allen- McDonald
research program can suffice to [llustrate the use of
the analytic approach to rusearch on teacher educa-
tion. Thelr research takes the form of true experi-
ments in which subjec’s are randomly assigned to
different values of the {ndependent var:able.

TECHNICAL SKII.LS APPROACH - EXPLAINING
ABILITY

I sbsuld llke to turn now to an example of the way
in which the technical ekllls approach can be applied
to the study of teacher effects. This research has
dealt with a technical skill that I call ‘‘explalning, ”
or the skill of engendering comprehension — usually
orally, verbally, and extemporaneously - of some
process, concept, or generalization, Explaining oc-
cursinall grado levels and subject matters, whether
it ie a {ifth-grade teacher explaining why the time in
New York differs from that in San Francisco or a
geologist explaining how the ice age may have been
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caused by volcanic eruptions. Everyday observa-
tlon tells us that some geople explain aptly, getting
17 the heart of the matter with just the right termi-
nology, examples, and organizatlon of Ideas. Other
expliiners, on the contrary, get us and themselres
all mixed up, use terins beyond our level of com-
prehension, draw Inept analogies, and even einploy
concepts and principles that cannot be understood
wlthont an understanding of the very thing that is be-
ing explalned. To some of us, it has seemed that
expialnlng comes very close to being th* Inner ¢s-
sence of instructlon, so that when a teac, er is at-
tempting to explaln progcrtionallty to his g “ometry
class or irony to his English class, he is behaving
more purely asateacher than whenhe is attempting ,
say, to motlvate, promote discussion, or mainta>
disclpline. At any rate, we have made soma studs s
of explalning abllity in the attempt to deterprine
some of the characteristice of effectlve explanations.

EXPLAINING ABILITY STUDY IN MICRO-
TEACHING CLINIC

The {Irst study was made In the mlcro-teachlng
clinie at Btanford durlng the summer of 1865 by
J.C. Fortune, R. F. Shutes, and N, L. Gage (1666). W¢
attempted to determine the generallty of explaining
abllity, that is, the degree to which the ability to
explaii one toplc was correlated with the abillty to
explaln another toplc, and the degree tn whlich the
abllity to explain a tople to one group of puplls on
one nccaslon was correlated with the abllity to ex-
plain the same topic to another group of pupils on
another cccaslon. We also were able to design the
study 80 as to datermine the degree to which there
was generality over both pupils and topics, or the
degree to which the ability to explain one topic to
one group of pupila on one day correlated with the
ability to explain another topic to another group of
pupils or. another day. Because there were only
sixty puplls to be shared In groups of {ive among
approxlmately forty interns in the micro-teaching
clinic, the design oecame qulte complex in order to
avold having any Intern teach the same toplc to the
same group of pupils more than once and to avoid
having the same group of puplls receive an explana-
tiori of tha same topic more than once. According-
ly, the forty soclal studies interns - and we chose
to work with the social studles interns only because
there were more of them than any other kind of in-
tern -~ were divided into five clusters of elght in-
terns each, The lectures deal{ withtwenty different
topics, each consisting of an “‘Atlantic Report’’ from
the Atlantic Monthly. The correlations that we ob-
talned were thus medians of {ive correlations, each
based c: four, six, six, six, and eight interns, re-
spectively.

The index of lecture effectiveness, or what 1
would like to call the micro-criterlon of teacher
explaining abllity, was the pupils’ mean scoreon a
10-item test of their comprehenslon of the main
Ideas of the lecture, which was presented by each
intern In 15 minutes under somewhat standardized
conditions, This mean score was adjusted for the
mean ability ¢f the pupils in the given group as meas-
ured by their 8c2:e¢8 on all ol the other topics.
Similarly, any given mean score was adjusted for
the difficulty of the toplc as measured by the mean
score of all groups of puplls on that toplc. Thus,

the varlance of the adjusted mean posttest comgpre-
hension scorss was aitr lbutable not to the abillty cf
the puyils or the difflculty of the topic but rather to
the differences among the teachers. We then inves-
tigated the question of the rurious kinds of general-
ity by determining the medlar Intercorrelations a-
mong the varlous means. The upshot of this part of
the study was that g¢.oerality over topics was non-
existent, and generallty Jver groups was about . 4,
In other words, the inter.»s were moderately consist-
ent In their 2bllity to erplaln the same toplc to dif-
ferent groups on different occasions, but ihey were
not conslistent in their abillty to explam ¢‘fferent
toplcs.

The stdy Jealt with the correlatlons briween ex-
plalning effcctiveness and the puplls’ rating of var-
lous aspecis of the explanatlons. The puplls rated
the Interns’ performance with resgct to twelve
Items, such as clarity of alms, organization of the
lesson, selection of material, and clarlty of presen-
tation. To us It seemed that some of these dimen-
sions should correlate more highly with explalning
ability than others. In particular, we hoped that
such discrimlnant validity would be manifest in the
form of a higher correlatlonbetween the mean rating
of the lecture for “clarity of presentatlop’’ than for
any of the other items of the Stanford Teacher Com-
petence Appralsal Guide. Our hope was borne out;
the correlation of the adjusted mean pcettest com-
prehenslon scores with pupils’ ratings of ‘‘clarlty of
presentation’’ vvas . 56, higher than tha’ with any of
the other rating scale items. This resui: seems to
us to support the valldity of both the Index of lecture
effectiveness and the mean ratings by the pupils,

EXPLAINING ABILITY STUDY IN PUBLIC SCHOOLS

During the school year 1965-19668, I was able, In
collaboratlon with Barak Rosenshlne, to undertake
a replication and extensfonof this study In the public
schools (Rosenshine, 1963), Because there was no
lack of students In f.ue high-school classes, taught
by theirown tecchers, we did not become nvolved in
the complexities of design necessary in the micro-
teachlng clinic. To put it very briefly, we got forty
eleventh-grade social studles teachers each to de-
liver a 15-rainute lecture on an ‘‘Atlantic Report'’ on
Yugoslavia taken from the Atlantic Mouthly. The
teachers had been given the article several days in
advance, and had been *old to prepare a lecture that
would enable their puplls to answer a 10-item multl-
ple-cholce fest of comprehension of the article’s
main ideas, To galde them in preparing their iec-
ture, they were given fiva of the multlple-cholce
gnestlons that would be asked, while the other flve
questions were withheld, After the 15-minute lec-
ture, In which the teachers were permitted to use
the blackbourd but no other alds, thelr students took
the 10-item test. They also rated the tcacher’s lec-
ture on‘items similar to those I have already de-
scribed. Thenextday, the sameteachersand classes
did the sanie things, except that the subject matier
was an ‘‘Atlantlc Report’ on Thailand; again the
teachers had been given five of the ten items as a
gu!lde to the kind of lecture that they should prepare
and had been told to focus on the explana’:an of the
major ideas, concepts, and principles brought out in
the article, which constituted the curriculum for this
bit of teaching. On the third day, the classes heard
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a third lecture, one that was the same for all
classes, a tape recorded 13- minute lecture on Israel,
a verbatim reading of an ‘‘Atlantic Report,’’ and
then the puplls again took a10-item test bascion
that article,

The class mean on the Israel test was used to
adjust the class means on Yugoslavia and Thailand
for between-class ditferences In abllity. Our rea-
soning was that the score on such a test of compre-
henslon of a unifoirm lecture would be more useful
In controlling relevant kinds of abillty than would
the ugual scholastic aptitude test. Theclass n:eans
on Yugoslavia and Thailand were also adjusted for
teacher differences in the content-relevance of the
lecture, as determlined by scorlng the transcript of
the lecture for relevance to the ten ltems on the
comprehension test. We then assumed that the
variance that stlll remalned In the adjusted com-
prehenslon test ineans of the classes would reflect
differences between the teachers In what we were
ccncerned with, naniely, the Intellectual style and
process of the teacher's lecture. In thls study, the
teacher's adjusted effectiveness index on Yueosfa-
via correlated .47 with his elfectiveness on Thalland;
l. e., there was considerable generality of effective-
ness over topics, even after student abllity aad con-
tent relevance had been parttaled out.

It should be noled that we were using the micro-
teaching idea in this investigation. The teaching
was restricted to just one aspect of the teacher’s
role, namely, abllity to explain the curient, soclal,
political, and economlc situation In another country,
The curriculum was also scaled down. We also
used another major feature of the mlcro-teaching
shinie, the video tape reccrders which made it
possiblefor us tc stusy the teacher’s tehavior, ver-
bal and nonverbal, at ielsure.

One major question was that of whether our crl-
terlon, or micro-criterion, of teacher effectiveness
in explaining, namely, the mean comprehension
score of the puplls, adjusted for both mean pupll
ablllty and content-relevance, contained variance
that would be manifested in something about the
lecture that was vislble or audible. In other words,
wae there some difference between good and poor
explanations that was worth trylng to analyze? So
v.e picked two lectures on Yugoslavia that were ex-
tremely high on our index of effectlveness and two
that were extremely low. We had a group of eight
judges read the artlcle on Yugoslavia and take the
comprehension test, and then watch and llsten to
all four of these lectures. Then the judges ranked
the lectures {n terms of perceived effectiveness in
engendering comprehension as measured by tha 10-
item test, It turned out that the judges’ post-dic-
tions wers qulte significantly more accurate than
could have been expected on the basis of chance,
and we ware accordingly reassured that our micre-
criterion was indeed reflected in somethingthat
could be seen or heard in the lecture,

But the major concern of this investigation was
to determlne the cognltlve and stylistic correlates
of the lecture’s effectiveness, TFor thls purpose,we
used extreme groups to minimize the labor of scoring
a host of varlables about which we had no great
conviction. So the ten miost eifectlvr explanations

on Yugoslavla were Identified and also the ten least
effectlve, From these, we chose at random five of
the most effectlve and ilve of the least effective.
Then, groups of judges and content analysts worked
over the transcripts of the lectures, scoring and
ratirg them 0a a host of varlables. Some of these
were sentence fragments, the average sentence
length, the number of prepositional phraszes per sen-
tence, and so on. Other variables dealt with the
number of self-references by the teacher, or with
various aspects of syntax, or Instructional set, fa-
mlliarization, uses of previous knowledge, mobilizing
sects, attention focusing procedures, organizatlon,
emphasis, amount ¢f repetitlon and redundancy, the
number of words per minute, and 50 on.

The varlables that discriminated between the flve
best and the five worst lectures on Yugoslavia. were
then tried cut on the other set of five best and five
worst lectures on Yugoslavia to see If they stlll dis-
criminated. Those ihat survived thi3 first cross-
validation were then tried out on the best and worst
lectures on Thalland, At the last accounting, two
characterlstice of the lectures had survived this
kind of valldatlon and cross-valldatlon procedure.
These varinbles were what we are calling ‘explain-
ing,'’ or the degree to which the teacher describes
the how, why, or effect of sotaething, and the *‘rule-
eg-rule’’ pattern, or the degree to which the teacher
states a generalization, glves examples of it, and
then summarlzes a serles of jllustrations at a higher
level of generality than the illustratlons themselves.
These two varlables not only seem to be valid in our
data but also arerellably ratedby independent judges.
Nonetheless, these must not be consldered to be
flrmly established findings; they are merely examples
of the kinds of concluslons to which research of this
kind can lead.

Currently, we are in the process of scoring all
of the explanationsonall of the varlablesthat appear
to hold any promlse, and we will then undertake
studles of the completecorrelatlon matrices invoiving
not only the indices of explanatlon effectlveness, but
also all of the characteristics of the explanations,
and the ratings of the lectures by Liie puplls who
heard them. Such a complete correlational study
wlll throw light on the conslstency from one lecture
to another of the Indices of lecture effactlveness, and
the styllstic characterisficsof the lectures, and also
thelr Intercorrelations.

What [ have been descrlbing is of course a corre-
fat'onal study. Along with lts advantages In permit-
ting the exploratlon of a wide varlety of possible cor-
relates of explaining abillty as they o¢ccur under
fairly normal conditions, it also hasthedisadvantage
of making causal interpretations hazardous. For
thls reason, studles of this kind ought (o proceed
fairly 1 .pldly into experiments inwhich the different
way?d of explaining will bz based, at least in part, on
leads obtained from cur correlatioral siudies.

Such experimental research may lead toward
quite novel methods of teacalng that could never be
developed on the basis of studies of teaching the way
teaching is. Stolurow (1965) has conirasted the ap-
proach of ‘“modeling the master teacher'’ with that
of ‘“mastering the teaching model.”’ The [Irst ap-
proach is thatof studying the moat effective teachers
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we can {ind In order to find out how they behave and
what they ara llke 80 that we can attempt to produce
more teachers like them. Many research workers
see llttle promise In this approact, They recom-
mend that we undertake instead to develop wholly
new models of the teaching process designed for
optimalelfectiveness regardless of thelr simitarlty
to the way teaching now goes on In thenormalclass-
room,

COMPUTER- ASSISTED PROGRAMMED
INSTRUCTION

The teaching model that many advocates of this
approach have in mind 1s that of programmed [n-
structlon, particularly computer-asslsted prc-
grammed instruction. As Suppes and Atklnson and
vthershavedescribed thls revolutionary undertaking
in research and development on instruction, it kolds
out great promise Indecd. Before tun long. the
annoylng problems In the hardware will have been
rolved. After a somewhat lunger time, we may
expect mubstantlal and well-valldated programnmed
curricuiar materials to have been developed in all
the subject matters and grade levels. As one who
has seen the highly developed installatlons at the
Brentwood School In East Palo Alto, Callfornla, |
must share the optlmlsm of Suppes and Atkinson,
axd other developers of computer-assisted instruc-
tion,

Their very success. or coming svccess, ralses
problems for the kird of Instructional n.ethods with
which we have been concerned in this paper. On
superficlal examinatlon at least, certaln major
problems of ordinary classroom teaching seem to
be clearly surmounted by computer - ase[sted instruc-
tion. For example, the problem of the cognitlve
complexity in the teacher’s task, of how the teacher
can say Just the right thing at the right time to de-
velop a concept or formulate a theory, is apparently
well handled, at least In principle, by computer -
assisted Instruction. Its program) can be worked
out and trled out In meticulous det:il, well in ad-
vance, at lelsure, by the most skilled curriculum
experts in the land, and then made avallable [n all
their subtlety and complexity to every teacher who
uses the program. Another major problem in the
ordinary classroomisthatof indlviduallzing Instrec-
tion. No matter how we group our pupils between
achools, within schonls, or within classrooms, we
still have the problem of adjusting the rate and di-
rectlon of the teaching and learning process to the
needs and abilitles of the individual pupil; here
agaln, at least in principle, computer-assisted (n-
structlon seems at first glance to have the better
of the live teacher.

While pondering these problems, I got some
help from a restatement of the idea of Indfvidualized

instructlon in a recent paper by Phillp Jackson {(1966).

He states it as follows:

Irdividualizing Instructlon, in the educa-
tor’s gense, means Infecling humor lato a
l2sson when a student seems to need it, and
quitkly becoming serlous when he s ready to
settle down to work; It means thinking of ex-
amples that are unlquely r«levant to the
student’s previous experience and offering
them at just the vight tima; [t means feeling

concerned over whether or not a student J8
pregressing, and communicating that corcern
In a way that will be helpful; It means offering
approprlate praise, not just because positive
relnforcers strengthen reaponse tendencies,
but because the student’s performince ls de-
serving of human admiratlon; it means, In
short, responding as an Indlvidual to an Indl-
vidual,

Individualization In this sense is much more ¢‘t1n
allowing for differences In speed of moving the- ugh
a program or provlding dlfferent branches or ruutes
through the material,

Jackson’s aialysis of this <ind of limltatlon In
computer-assisted instructlun should be placed
alongslde of the Indications by Suppes (1966) that
tutoring and dlalog, which are higher levels of in-
struction than drlil-practice, are still well in the
future, as capabllitles of computer-based Instruction,
Hence, any fears about the rapid obsolescence f
llve teachers, even where narrcwly deflned cognitlve
objectives are concerned, are qulte unwarranted.
That Is, there will etlll bYe a need for teachers to
use the klnds of fechnlcalskills, Including explalning,
with which the analytlc approach belng developed at
Stanford and elsewhere I3 concerned. We shall have
to cortinue to grapple with the problems of cognltlve
complexlty and Indlvidualization through the medium
of the llve, human, teacher even in the realm of the
well-formulated cognitive objectives. And there will
always be the indispensable roleof teacherninassist-
ing puplls In attalning various kinds of affective and
soclal learnings in the classroom.

Accordingly, group discusslons, role playlng,
teaching for divergent thinking, as well as the tech-
nical skills I have already mentlr.ed, are alf the
subject of various research and development prciects
now under way In the Stanford Center for Research
and Development in Teaching. We are also looking
at the way In which the organizatlonal context influ-
ences the teacher’s choices among wuys to teach.
And, in one of cur projects, entitled ““The Teacher
In 183Q,*’ we are looking at the way in which new
currlculum developments, televislon and other tech-
nical aids, computer technology, and new organiza-
tional schemes inthe schools wlll affect the teacher’s
role in the foreseeable future,

COHCLUSION: A NEED FOR ANALYSIS

In concluslon, let me refer again to what I gee as
one baslc new theme in the research and develop-
ment in teaching that s now under way at Stanfo~d
and elsewhere, If it were necessary (o sum {t u,. in
one word, my word would be analysls, breaking down
the complexlties that have proven {o be 8o unmanage-
able when dealt with as a whole. We are no longer
crippled by the notfon that because there 18 one word
called *‘teaching,” there Is one, single, over-all
criterion of elfectiveness in teaching that wlll take
essentially the same form wherever teaching occurs.
Evenifnone of the analyses of t2aching that we have
now proves to be viable, they will not be replaced by
the old global conceptually Impossible, complex
variables that I see as the reason for the fruitless-
ness of 8o much of research on teaching In the past,
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Instcad, they will be replaced by other analyses of
teachlng, perhaps even finer analyses, untll we get
the sets of lawful relatlonships between varlables
that will mark the emergence of a scientitic basls
lor the practice of teaching, It mauy well be that a
15 .nlnute explanation of a 5-page magazine article
le 3t111 too Yarge a unit of teachirz behavinr to yield
valid, lawful knowledge. It may well be that the
mean score on a 10-item test of comprehension,
adjusted for student abllity and content relevance
of the lecture, 1s still too large and complex a de~
peudent variat'e. Eut, compared with lhe massliva,
tangled, and unanalyzable units that have tsplcally
been studled in the past - in researchonthelecture
method, the discussion method, and class size, for
example - such unlts seem preclse and manageable
Indeed. And eventually, of course, we shall have
to put teaching back together agaln Into syntheses
that are tetter than the teaching that goes on now.
1 think 1t would be safe to say that there is now some
hape of our belrg able to develop a eclentifically
grounded set of answers to every teacher’s cen:ral
question, ‘“What should I o in the classroom?’
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Inservice Training

WHAT IS INTERACTION ANALYSIS?

INTERACTION analysis 18 a system
for observing and coding the verbal interchange be-
tween a veacher and his pupils. The assumption is
made that teaching hehavior and pupil responses are
expressed primarily through the spoken word as a
series of verbal events which occur one after an-
other. These events are identified, coded so as to
rreserve sequence, an< tabulated systematically in
order to represent a sample of the spoataneous
teacher influence.

The most Important criterion which any codirg
system must meet before it can be considered sat-
{sfactory is that a tralned person can decode the
data In order to reconstruct those aspects of the
origlnal behavior which were encoded, even though
he was not present at the observation. A part of
this article will describe inferences which can be
made from a blind analysis of coded data.

Interaction analysis has beenused to study spon-
taneous teaching behavior and it has also been used
in projecta which attempt to help teachers modify
thelr behavior. Inthe first instance there may be
a leng pericd of time between observa’ions and the
analysis of the data, The data can be punthed on
IBM cards as they are collected over a period
several months, but a computer program to tabu-
late and analyze the data may be used only after all
the observations have been completed. Onths other
hand, when inte.action analys!s data are collected
in order to provide a teacher with information about

wawuant Ned A. Flanders

The University of Michigan
Ann Arbor, Michigon

his own behavinras a part of preservice or {nserv-
ice training, then it may be 2dvant2geous to code
directly into adeslired tabulatfon form so that inter-
pretations canbe made at the earliest moment after
the teaching eplsode 1scompleted. This article will
be more concerned with the procedures of interac-
tion analysis which can be used during preservice
and inservice training, and les s concerned with
applications in more basic research projects,

A possible goalof an Inservicetraining program
mlight be to discover whether the spontaneous pat-
terns of verbal communication which are observed
are, or are not, consistent with the {ntentions of
the teacher. In such a program, the assumption is
made that modifying behavior in order to make it
more consistentwith intent wlll, in moet iastances,
result in animprovement. The model toward which
behavior I8 mndified Is created by the teacher at-
tempting to change.

An inservice tralning program can also be de-
signed {n which all participating teachers attempt
to muake similar modifications, for example, devel-
oping more sklilin makingfulluse of the ideas which
are expressed by pupile during classroom discurse.
Here the model could be justifiedfromthe resultsof
regsearch which made use of interaction analys!s,
but special care would be necessary {n designing
activities which would help teachers accept and
underatand the desirability of such mcdifications.
In brief, the value orientation would be that the qual-
ity of classroom instruction is improved when the
ideas expressed by puplils are more adequately rec-
ognized, clirlfied, used in some step of a logical
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analysis, ihus ,lving the pupils a more active part
in the learning actlvjties,

In nearly all appllcations of Interastion analysis
it is denirable to collect other kinds of data such as
pupll attitudes, pupil achievement, and perceptions
of the teaching situation heid by the teacher and the
pupils. These additional data permit the develop-
ment of theory and explanation,

The resources of such a program, as with o1l in-
service arntlvitles, require money Inorder to obtain
time, £pace, and asslstance for those who are par-
ticipating. A number of steps can be aniicipated:
(a) Prospective observers and participating teachers
must be trained to use the technique. This usually
requires 8 to 12 hours under the directionof a quali-
{led observer. (b) Personal, self-development
gonls mustbe clarified by the participating teachers.
(c) Each teacher-observer team must set up com-
parison sltuatlona involving a planned change of be-
navior and two or more observations shenlé be
scheduled so that evidence of change canbe assessed.
{d) Plans to collect other rypes of nformation must
be completed. (e) Soclal-skill tralning sesslons,
based on interaction analysis categories, are often
helpful, esper fally when they are Incorporated in
the observation training. Such training often helps
teachers set personal goals for changing thelr be-
havior. (f) Plans will be necessary to provide in-
centives for teachers and to maintain the momen-
tum of the prograni, nnce it is started. (g) Cave
must he taken to insure {freedom from threat, to
make sure that the voluntary aspects of participa-
tion are genulue, and to avold superimposing he
program as an excesslve demand on teachers who
may already be too busy.

OBSERVATION PROEDURES AND
MATRIX [HTERPRET/TION

Given ten cztegories, shown in Table 1, all ver-
bal statements are classifled at least once every 3
seconds by a trained observer. The eventsarecoded
by using the arabic numbers from oneto ten
which are written down In suchaway astopreserve
the original sequence. The datacanthenbétabulated
in a table of ten rows and ten columns whichis
called a matrlx.

Such 2 serles is entered into a matrix twoal a
time. The first number of each palr indicates the
row of the matrix, the second the column. The
first pair conslsts of the [irst two numbers, The
gecond palr consists of the second wd *(rd numbers,
and thus overlaps the f1r st pair. All tallles enter
the matrix as a serles of overlapping palrs.

With onn tally approximatel; every 3 seconds,
there are one hundred tallles for § minutes, 1,200
tallles per hour; therefore, 20 minutes, or about
four hundred tallies, provide a matrix with sufficient
data for a number of Inferences abuut verbal com-
munlcation,

In a sustalned observation of a teacher covering
six to eight 1-hous visits, It I8 necess.ry (o tabu-
late separate matrices for different types of clzss-
room actlvities. Each malrix should represent
either a single eplsode of ¢lass actlvity or any num-
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ber of homogeneous eplsodes that are combined.
We use five activity categorles for junior high school
academic subjects; ihey are: routine procedures,
discussion of new materlal, iiscussion to evaluate
student perfor mance or products of learning, general
discusslon, and the supervision of seatwo.k or
group activities, Different actlvity categories may
be useful for a self-contained e.ementary-school
classroom. In any case, the purpose of tabulating
the data in several different matrices, Instead of in
justonetotal matrix, is defermined by the purposes
of observatlon and the range of expec{ed classroom
actlvities.,

In the case of the Inservice tralning of teachers,
data are tabtulated Into separate matrices In such a
way as not to mask the comparlson to be made. 'To
illustrate, suppose¢ the comparlison i8 between two
samples of teaching behavior, one before and one
after several weeks of social skill training. Keep-
ing the data in homogenenus actlvity matrices will
kelp to avoldfalse concluslons. For example, a de-
cresse, increase, or o change in certalncategories,
when the twe matrices are compared, raay bedue to
the differences ir. the learning activities observed,
rather than dueto change In teaching behavlor vhich
resulled {rom inservice training. Grouping thedata
to represent homogeneous learning actlvitles helps
to avoid such confusion,

A tahulated matrix divides into special areas for
interpretations that are shown in Table 2, Particu-
lar quesilons can be answered by comparing tallles
withi{n and between these areas. Here are some ex-
amples.

Areas A (1412+3+4), B(5+6+7), C(8+9), and D(10)
canbe used to find the percest time the teacher
talks, the puplls talk, and time spent in pauses, si-
lence, and confusion. Coraparisons between Areas
A and B provide informatlon about the rela:ive bal-
ance betwcen initlating ard responding witiiin teach-
er talk, Inltlating teacher talk !s more dfrective.
tends to support the use of teacher authority, and
restricts pupll participation, Responslve teacher
talk i8 more indirect, lends to share authority, and
expands pupil participation.

Area E is a block of nine cells that indicates the
continued use of acceptance and praise, construc -
tive reacifon to pupil feellng, and clarifying, accept
ing, and developing pupil ideas, as well as transi-
tions among thage thrce categorieswhilethe teacher
is talking. Inanyinservicetraining programdevoted
to Increasing the teacher’s sitention to ideas ex-
pressed Ly puplls, before and after comparisons
would require an 2ralysis of these nine cells, In
fact, an Inservice training program which attempted
to teach more subtlu differences in (he teacher’s
reactlon to pupi! ideasa inight require subdividing
Category 3 in order to note the presence and ab-
sence of varlous types of Category 3 statements.
For example, 3-1 ~- merely repeits to show that
the pupil ideas were heard; 3-2 - - reacts to specil-
ic pupll ideas, but only in ter ms of the teacher’s
perceptlons of these ideas; 3-3 -- reacts fo specific
pupil ideas, but reactions Incorporate the percep-
tions of one or more puplls; and 3-4 -- stimulatea
reaction to a pupll’s {1eas by asking questions so
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TABLE 1
TATEGORIES OF INTERACWION ANALYSIS

Teacher Talk and Student 1'alk

1EACHER TALK

Response
. % Accepts feeling: accepts and clarifies the feeling tone of the studenis In a non-threatening manner,
Feelings may be positive or negative. Predicting or recalling feelings are included.

2. * DPraises or encourages: pralses or ercourages student action or behavior. Jokes that reiease ten-
slon, but at the expense of another indlvidual; nodding head, or saylng ‘‘um hm?'’ or ‘‘go on’’ are
In¢'uded.

3.* Accepts or uses 1deas of students: clarifying, bullding, or developing ldcas suggested by a student,
As teacher brings more of his own ideas into play, shift to category five.

4.* Asks questions: asking a questlon about con’ent or procedure with the intent that a student answer.

Initiation
‘ 5, * Lecturing: glving facts or oplnlons about content or procedures; expressing his own ldeas, asking
i rhetorical questions,
6.* Glving directione: directions, cninmand3, or orders to which a student is expected to comply.
7. % Criticlzing or justifylng authorlty: statements Intended to change student behavlor from non-accept-
able to acceptable pattern; bawllng someone out; stattng why the teacher is doing what he !s doing;
extreme self-reference,

i
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STUDENT TALK

Response
. # Studeit talk ~ response: talk by students In response to teacher. Teacher iaitlates the contact or

eolicits student statemeut,

Initlatlon

8, * Student talk ~ Initlatlon: talk by students which they inltiate. 1f ‘‘calling on’* student 18 orly to in-
dicate who may talk next, observer must decide whether student wanted to talk. I he did, use this

category.

10, * Silenve or confusion: pauses, short perlods of silence and periods of confusion in which communl-

cation cani.ot be understood by the observer.

*There is NO scale implied by these numbers. Each number ie cluosificatory; it designates a particular kind
of communlcation event. To write these numbers down during observation i8 to enumerate, not to judge a

posltion on a scale.

that other puplls react. In effect, Category 3 is ex-
panded into four categories for a special purpose.
This would result ir a 13 x 13 matrix instead of a
10 x 19 matrix.

Area F is a block of four cells that indicates the
continued use of directions and criticlsm and transi-
tlons betweenthese two categories. The two transi-
tion celis are particularly rellable indicators of dis-
clpline problems. Shifting from directions {o criti-
clsm is tallied in the 8-7 cell, and indicates that
expected cumpliance 18 judged unsatisfactory by the
teacher, Shifting fromcriticlsm back (o directions,
the 7-6 cell, indicates a returnto more directlons
after criticlsm,

Areas O] and G2 are particularly interesting be-
cause tley Isolate the immedlate response of the
teacher at the moment students stop talking. One
aspect of teacher flexiblilty can be dlscovered by
comparing the balance of Indirect and direct state-
ments shown in G) and G2 with those found In Areas

A and B, The differencebetween superficlal, short,
perfunctory pralse or clarificatlon, and pralse or
clarification that i8 more carefully developed is
eanily seen by comparingthetallies in Area Gy with
thcge in E, particularly the 2-2 and 3-3 cells.

Area H Indicates the types of teacher state-
ments that trigger student participation. Respons-
es to the teacher are found in column 8; state-
ments initlated by the student in cclumn 8, As one
might espect, there is usually a heavy loading of
tallles in the 4-8cell. High frequencles ia tuls
cell and the 8-4 cell, but not In the 8-8 cell, often
Indicate xapld drill.

Area I indicates sustained student partlsipation,
These may be lengthy statements by a few students,
or etudant-to student communication.

So-called ‘‘steady state’’ cells fall on the diago-
nal from cell 1-] to 10-10. Tallles here indicate
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TABLE 2

AREAS OF MATRIX ANALYSIS

CATEGORY cussrca 1 Con | ! tals|e 7 | e {9 |10 [rom
ACCENIE HEEUNG 1 l i
]
1
PRAISE RESPOIISE 2 Area E i
| '
STUDENT IDZA 3 | |
.......... (] l.--—-_--.i--------l---
ASKS QUESTIONS 4
“Content Cros. ' Area H
LECTURES 5
- INITLATION === = mm -——— reEEE LT Lol q--
GiVES DIRECTIONS s i !
= = I | Area
CRITICISM 7 | :
% - —
]
STUDENT NESPONSE 6 ! !
Aren O, : } Areo G, Area )
STUDENT INIMATION ¢ : :
" A
SieMCe \
| ) o
tmﬁ Area A Ama B Areo € | A0
Responte ) Ir otion s'::,;"' ks:;

that the speaker persists In a particular communi-
cation category for Jonger than 3 sezonds.  All
other cells me transition cells moving from one
category to ancther,

Oxllined Inthe conter of Tadbie § by daxh lines in
the content cross, The total number of tallics In
this arey, compared with talliea not In this area,
gives 8 very trude indication of the content orienla-
oo of Lhe class activity.

In sddition to making use of the areas just des-
trived, the follo.tng procedure can be followedto
interptetl s matrix.

First, lorate the single ¢o1l within the ten rcwe
and columng which has the highest frequency. The
pair of events, represented by the cell, (s the most
trequently octurring and tan be waed 08 & Marling
$oint 1n reconstracting the interaction.

Recond, from this highest . eqaency Cell, pou
start forvad or backward, in terms of sequence,
to begin a sequence dizgram. The row of any cell
indicates the most likely third event, that is, the
ercnt which (s mosd likely to totlow, given an origl-
aal pair ¢f events designed by the highest {requency

cell.  The tolumn, on the olher hand, indicates
which event most probadbly preceeded the patr of
events In question. The flow of events Is properly
represented when the eye scans the malrix 1n 2
clockwise rotation. Should the highest [requency
fali into a transition cell, not & stiady tale cell,
the row ot colwm of either number in the patr can
be studled to retrate or advance the sequence of
events,

An example of maltix interpeedation w1l be
shown later in this article. Skill in matrix Inter-
pretation, bowerer, Is oot likely to evelop trom
readirg this article, which serves only 10 propose
guidelinen. Foe that matler, skill in observation

cannol develop from reading sbowt how It 12 done.

All aspects of Interactica analysis reqelre peactice
in order to develop skill. R is the cppostie of a
speciator eport.

FEEDABACK ANG CONSWTANION
WITH TEACNERS

The parpoee of leeddack is to provide a tescher
with information sbout his vo2bal statements which
permits & comparison wih 2 d3me Handird ot model
of what should hase happened. Withowt purposive
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comparisons which are planned In advarce of the ob-
servation, the reactlons of the persor. receiving the
informativn may be reduced to Incidental specula~
tions or points of {nterest that h«;pen to be noticed.

To be useful a8 & model or standard, one’s inten-
tions must be specified in termsof frequenclesto be
fcind in the cells of th» matrix. Thus, if a teacher
wishes to practice providing more extended praise,
he will expect to find an increase in the 2-2 cell of
the matrix, one situalion compared to another. If a
teacher decides he would like to stimul.te more pu-
piltalk in which Ideas are initiated by pupils, he
might study column R inthe malrix to see what cvents
trigger these pupil statements. Ina program of in-
service training in which all teachers attempt to in-
crease the utllization of Ideas expressed by puplls,
attention will be directed to column 3 and row 3 of
the malrix.

Most Ingervice training programs can achleve
some success inbringing selected concepts and value
orientations to the attention of teachers, these are
mstiers of awareness. Evidence lhai such awareness
has been implemented through overt betavior re-
quires anobjeclive assezsment of spontaneous teach-
ing behavlor.

The assesament of the spontuneous behavior must
be rcasonably objective in order to be relfable, Un-
fortunately, interaction analysis is not free of bias
and error, peobably about one outol everyten clasal-
ficalions of an experienced observer is (ntorrect.
Interaction analysis datla can be and probably are
mote objective, when dealt with In summary form,
compared with most other procedures for making
judgmenis about spontaneous teaching bekavior,
Judgments about events which occur withintime
tegments of only a few seconds and which must be
repealed againand agalntend tobecome mote constst-
ent with peactice. Fusthermore, niing the preserke
or absence of a short event 18 not & procedure which
lends itseit as easily to distortion and blas.

No matter how objective, reliable, and valid an
assessmert procedure, the results will be distorted
i the behavior liself 15 distcrted Unlortunately,
merely anticipating obser vation might eause non-re-
presentative behavior to appear, 10t to mention the
obsetvation experfence ftself, Beloware some pol-
leies and suggestions which we have found helptul
In reduting the tendency of a teacher to put on an
#cl while being observed,

First, an observer shoul be In the ¢lagsroom
only when invited by the teacher.

Second, the Invilation should be based on a plan
of Ietry which was deve'opad by the teacher and
ocbserver ptior to any tlassroom visits, Observa-
tion should produc e klformation whichis relevant
to some peoblem or question which s considered
important to doth pariicipents. Thus, a teacher
participating in an inservice training progran: which
groposes tolmprove the way pupil ideas are handled
during classroom discussion may de curlous about
this aspect of interaction before and after training.
Such & question might tnvolve ereating two similar
lerson plans 1n which 2 teacher would be confronded
with opportunities to react 1o pupll ideas. One bes-

son would be observed belore training and the sec-
ond lesson after trainlng. The plan could be em -
beltished to provide greater insights by collecting
additional dala. For example, predictions about
pupil perceptlors, teacher perceptions, pupil atti-
tudes and similar phenomena could be made, one
lesson compared with the other. Then, instead of
merely counting the Incidence ol constructive teacher
reactions to ldeas expressed by pupils, certain
theorles about the contequences of suchteacher be-
havior might be Investigated.

Third, the slatus and power difference between
the observer and the teacher should be a minimum.
Another teacher who ts a best (riend might make
the most appropriate obaerver, providing skill in
observation is present.

Fourth, the conference to provide feedback should
follow a logical plan of tiquiry. Al the relevant
data should be al hand and referred to In terms of
questions to be answered and not [n terms of !dle
curiosity. R often helps to have two or more ma-
trices, since this facilitetes the making of compari-
sons out of which theorelical explanation grows, A
single mawrilx more often stimulates opinions sbowt
what is ‘‘good’’ and *'bad, '’ fllastrated by the ques-
tion, Do ycu think the lesson was satisfactory ?'’
Such questions place the observer In an awkward
position, since he mustexp-ess areneral judgerent.
In thig position he cannot be an ¢3ual partner in tne
Inquiry process. On the other hard, when ahypnho-
sis about behavior 18 being Investigated and profes-
tlonal competence of the teacher is nt In the fore-
ground, the anatysisol data is more systematic and
unwanted defensive distractions are less likely to
oc¢Cur.

Fifth, the entire procedure includirg planning,
execution, and anpalysis usually works more smooth-
ly when the teacher, as -vell as the observer, has
had approximately equai experience in observation.
For example, selting up hypotheses, designing two
comparable lesson plars, and knowing where 15 look
In a matrix for the neoper information are phases
of the engerlence which should te shared by two
partners who are equally tompetent. When the ob-
server is more experien:ed ard competent, the
teseder defers and becomes the dependent member
of the tearn. Both membders of the tesm shouMd
have had previous experiencs in both teaching and
observalion,

RLUSTRANIONS OF
PRACTIKAL PROCEDVRLS

For purposes of llustration, let us assume thal
the goal of nsezrvice training Is to increase the
texcher's skill In making use of ideas expressed by
pupils. In an article as short as this one, only four
aspects of swch an inscrvice tralning program will
be mentioned. First, some initial performance data
trovides a before training performance pattern for
which subsequent obser~alion dala can be tompaied.
Second, skilltraining procedures canbe tlogely cor-
related to obrervation procedures. TMrd, dala in
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addition to interaction analysis are helpful in dsed-
ing whetber or not a change in behavior s an im-
provement. And fourth, more advanced training de-
tigns and more complex data collectica procedures
will be necessary (0 pash progress beyond the Ini-
(ial results. Each of these four topics nill be dis-
cussed In turn.

INITIAL, PERFORMANCE DATA

Inttial performance data might be In the form of
2 shorl observationduring a class discusaton, Table
3 shows & matrix of a teacher which will row be in-
terpreted to show how Lhe observer andteacher make
an Initial diagnotis betore Lraining. The same data,
of coutse, can serve as & befote training standand
in ordet 10 determine whether change has occutred.

Since the total tallies equals 380, one can esti-
mate that the matrix represents about if minutes of
intersction (100 tallies = 5 minwtes, 20 lallies « 1
minote).

A number of perceniages and other ratios, which
help to form an Initia) picture, can be found al the
boitom rows of Table 8. For example, the lcacher
talked 58.9 percent, the uplls 39, 3 percet, and
silence and conlusion wes £.1 percent. The teacher
was falrly dizective, that Is he inkiated more than
e respraded, a8 shown by an LD = 0, 17 {divide all
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taliles in categories 1+ 24+ 3+ 4 by 5+ 6+ 7to ob-
tain this ratio). The highest ceil frequencies are
found In the steady state diagonal cells, such as the
8-5, the 8-8, and the 0-9 cells. This suzgests that
the teather and puplis were able to contlnue a partl-
cular mode of ¢pression once It started. Higher
frequencies in these steady state cells indlcate that
the tempo of exchange was slower, for example, than
might occur Iy a drill perlod. All silences were 3
seconds or less (note no tallfes In the 10-10 cell) and
most pauses followed teacher que stions (N = § In the
£-10 cells ar.4 teacher lecture (N = 3 in the 5-i0 cell)
rather than pupll statements. In six ol thesc eight
transitions, It was the teacher who broke the pause
by talking (note that N = 1 in the 10-8 and 10-0 cells).
This analysis of silence supports the Interpretation
that the teacher tended to initlate and did not permit
a pupil more than 3 seconds to respond.

The matrix Is sometimes more easily understood
when it is translatzdinto a flow pattern 11’ strated in
Flgure 1. In thisdiagram the mostfrequently occur-
ring steady state cells are shown as rectangles and

the size of the rectangle indicates the relative fre-
quency of the pair. Transltions among these celils
are indicated by arrows and the thickness of the
arrow {8 roughly proportional to the frequency of

thete teansitions. Anyone can learn to draw such

a patlernflowdlagramfromatabulated matrix. Be-
gln withthe highest frequency cell, In this case the

teocher Yo - - e . . Pord TR

Peve N W2t Ficw Paten Delere T-aining
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5-5 cell with eighty tallies. Proceed across the
same row to find out the ne'.t mosa! likely occurrlag
events and inspect columns (o identily the most
likely preceding events. The arrows in Table 3 il-
lustrate the clockwise direction of the flow. Thus
In both the matrix and in Flgure 1, begin with the
8-3 cell, sustained lecturing. The next mostlikely
event is that the teacher will ask a questlor, Nesxt,
pupila are most likely to respond to this question,
see category 8, There are twc events of almost
equal probability following pupll response talk, one
Is thatthe teacher will ask another question and the
other isthatthe teacher will lecture. Thefourtran-
aitions shown by the heavy arrows in Figure ! ac-
count for most of the interaction: these are, $-4,
4-8, 8-4, and 8-5, Other transitione do occur, but
the tranaitions justlisted and thelr assoclated steadv
siate cells account for 285 telliea or about 75 per-
cent of the enlire observation.

Many things could be said about this patlern of
interaction, bul by far the most cerlain Inference
is that In the event that this teacher increased his
use of category 3, it could be clearly seen in the
matrix. The use of category 3, especially the 3-3
cell, 1s helow average for a classroom teacher.
After training along these lines a second matrix and
flow patiern diagram could be made as a compari-
son with this initial performance.

SPECIFIC SOCIAL SKILL TRAINING EXERCISES

Specllic soclial skill training exercises can be
conducted which are ciosely correlated with inter-
sction analysis. A tralning skill exercise might in-
volve three or four people who take turne providing
certain patterns of verbal statements while respond-
Ing spontaneously to the statements of others in
the group. The person being tralned I8 designated
18 the actor, one other persor. 18 the odbserver, and
the rest are reactors or folls who provide spontane-
ity. Different assignments are given to the actor
which he then carriea out by interacting with hs
foils. The observer keeps a record of the communi:
cation by, roding within the ten categories. The
assignment can be given In terms of the categorles,
for example, the acicr is asked (o produce a 4-8-4-
8-4-8-4-8, etc., sequence. Anactor might be azked
to choose a topic and produce any sequence which is
relevant toteaching and Isrelated tothe goals of the
training.

The activity of a training exercise follows a mod-
¢l 1n which an sctor attempls & particular pattern,
his folls nrovide a spontaneous setting, and the ob-
server keeps acoded recordof what happens. Some
iraining episodes mag 1ast only afew minules, ctiers
are longer. Eachepisodeis followed by adiscussion
of the performance and ways that itcanbe Improved.,
While this kind of activity can easily degenerate into
superiicial play acting, especially when firet attempt-
ed, R Is also lrue that serioua and interested pas-
ticipantacan use thlatechnique to practice producing
ceriain patterns of dehavior under increasing duffi-
cek clircemsiances and make progress in the self
control of spootanecus behavior.

Leaintng how to make full wse of the 1deas ex-
pressed by pupils is a goal to which spontanecus

shill training exercises can easily be adapted. 1t {s
possible to galn practice in listenlng carelully, In

listing kieas expressed by ancther person, in sum-
marlzing ideas which have just been expressed, in

butlding questlonson ideas expressed by olhers, and
to teach pupilsto inltlate thelr own stepsin problem

stlving by showing a pupll bow his ideas are related
to a problem.

Skill practice sesslons become more realistic
when they are closely related to classroom practice
sessions. After one or lwo inltlal observalions an
observer and teacher may discuss the relationships
between the teacher's intention and the patterns
which appear on several mairices. Swill practice
sessions are then designed Lo emphasize a personal
goal of the teacher based on discrepancies revealed
by the matrix. U the training 2c*ivitles are custom
built to the needs of the teacher, and i he sees them
ar relevant to his own professional development,
then he is more likely to approach the training ses-
sjons with serfovs intent and & sense of ctimism
cencerning personal development. It aleo helps
when classruom patterns beginto change Ln a de-
sired direction as a result of skill practice sessions.

Usually, the assignments of actlor, (oil, and oh-
server are rotated during skill practice sessions.
Inthis way a teacher not only becomes familiar with
the coding system of Interaction analysis, he alao
obtains somne degree of observer proficiency. He
also learns to accept anddevelopthe perceptions that
others have of his behavior.

The primary purpose of these training episodes
s to practice producing certain t.tterns of etate-
ments, totranslate concepts abou! t2aching [nto spon-
tanecus behavior patterns, to learn how ‘o assess
such patterns, and to discuss how these various pat-
terns appear In classroom teaching. Many varla-
tions o lraining exercises can be directed towsrd
these goals making themuseful for inserviceiraining.

DEQDING WHEN A CHANGE IS AN IMPROVEMENT

DecHing when a change [a an Improvement usval:
ly requires data in addition Lo Interaction analysis.
For example, merely giving a teacher Ir xtructions
to '‘go in there and produle more threes,” much
ke a football coach, Is quite likely to increase the
incidence of category three, This change may lake
place, however, without any insight intu the teaching
procesa and may possibly be seen as either inappro-
peiate or not realistic by the puplls.

Qiliting the ideas expressed by pugdls during
classroom discourse Involves several pedagogically
sound principles. One such principle Is that tMs
kind of teacher beharior atimuistes the petcegption
among pupila that exch pugtl *s free to express his
ideas. Simple paper and pencil reaction sheets, to
be fllled out by pupils oM enough to read and write,
can be used to assess pupil perceptions immediately
following a practice sesston In which the teacher
tries to sccept and clatily pupil tdeas. When both
the observer’s records and the pupil’a aversge per-
cegtions froma paper and pencil instrument Indie ate
greater expresalor and wee of pupll Wcas, then the
sdditional evidence provides greater conlidence
that the change isanimprovement.
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Another pedagogical principle is that a pupll
learns to cluster iceasbecause they are sim
Ilar and then abstract the cluster with an approyri-
ate labelthroughdirected practice in expressing his
idean. A second observer can keep an Inventory
separate ideas expressed by puplls, he can note in-
stances In which the pupils, instead of the teacher,
noticed a cluster, and tinally, he can record wheth-
er the teacher or the pupils supplied an approprl-
ate label to a gliven cluster. Thla additlonal evi-
dence also helps to show whether a change Inteach-
er behavior 18, or 18 not, an Impravement.

PUSHING TRAINING BEYOND SUPERFICIAL
CHANGE

Pushing tralning beyond superficial change usu-
ally requirea special category systema of Inter-
action analysis. For example, the division of cate-
gory 3, mentioned earlier, can provide a record of
difterent kinds of teacher reactions to the ideas ex-
pressed by pupils. A similar cxpansion of catego-
riea 8 and O will show varlations In the different
kinds of pupil statements, Often the expaneion of
teacher talk categoriea can provide more intricste
and diflicult soctal akilltraining assignmenta.
Working back and forth between more elaborate
category systems and more compiex spontaneous
aotial skill training assignments helps a teacher
understand pelinciplea of pedagogy Interms of his
own behavior  thleas a teacher can act out his in-
sights abou, teachlng, these Inslghts are of little
ote for the Improvement of instruction.

SUMMARY

The use of interactlon arslysia in an Inservice
training program places an emphasis on the analy-
3ls of spontaneous verbal behavior. This emphaals
helps to tranalite ideas about tesching into class-
room appllcaticn,

For those who would like to try classifying ver-
bal atatements, but are inexperienced, a number of
referencea are listed at the endof thisariicle which
include auggestions for beginning.
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smmamn The Current Scene

THE CURRENT scene in educational research and dovelopment is one
of rapid and unprecedented change brought about largely by the advent of Fed-
eral funding. In the first paper in Part V, R. Louis Bright and Hendrik D. Gideonse
trace tho development of these changes with reference 1o involvement of the
Federal government starting with the 1954 legislation. They cite the national need
for the results of educat'onal research and development as the basis for the de-
cision of the government 1¢ provide grant dollars for developmental projects ard
the design of the necessary siralegies to implement programs of research and
development. The evolving shiategias of research and development designed to
improve education uie delineated by the authors and include 1) curriculum devel-
opment, 2) research and development ceniers, 3) the educational research infor-
mation cenlers, 4) a program for training educational researchers, and 5) a sys-
tem of autonomous educational laboratories. These strategies have developed rap-
idly and promise io provide the basis for much of the future growth of educa-
tional -esearch and development,

The cosls of educational research and development have grown from
the original 1.7 million oppropriated in 1957 to the preseni level of approxi
mately 200 million. This represents less than one-half of one percent of the total
amount expended for education by all phases ¢f our society, a figure which is for
under the standards for research and development investments in most mojor in.
dusiries. Clearly additional growth con be anticipated. The authets of this poper
propose additional major expenditures in research and developmen! amounling
to some billion dollars annvally which would represent the still modest figure of
opproximalely 2.2 percent of the total expenditures for education.

This continued growth of research and development in education,
which is almost exponential, calls for careful ond systematic planning. In an.
swer 10 this naed the Bureau of Research, U, S. Office of Education, has pro-
posed the establishmen? ot Educational Policy Centers to conduct studies for estab.
lishing the means and directions of educational research and development 5, 10,
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20, and 30 years hence. The ralionale of these policy centers is discussed by Bright
and Gideonve.

The rationale and focus of a specific Research and Development Cen-
ter is presented by Herbert J. Klausmeier, The Director of the Wisconsin Research
and Development Center for Cognitive Learning. The Research and Development
Center concept was proposed by the U, S. Office of Education in an effor! to better
coordinate research and development activities and to establish programatic re-
search and development in specific areas related to the educational process. The
Wisconsin ¢ ~nter is doscribed in terms of eight components of operation: {1) prob-
lem areo, {2) oulcomes sought, (3) research and development progrom and
strategy, (4) dissemninalion and adoption program and strotegy, (5) staff, (8)
aodmiaisiration and management, {7) locus of operation, and (8) source of sta-
bility of funding. Klausmeler points out that the programatic activities of the Wis-
consin Center which have been brought sharply into focus now include 1) proc-
esses and conditions of learning, 2) processes and programs of instruction, 3)
facilitated environments, Other programs deol with disseminotion, training activi-
ties, and technical support. Such a center contept brings to bear on problems of
education the diverse talents of the interdisciplinary slaf available ot o malor
Ametican univerzity.

Most new and complex aclivities are more readily understocd if
represented in o model idealizing their essential components and operations. The
total research and development effort in education is no exception. The modasl
proposed by Hendrik Gideonse in the final paper recognizes the iidependent
characteristics of the research act and the development act. In o prior model
oroposed by Gubo and Clark the research activity precedes and feeds resulis
into the development activity which in turn provides moteriols ond programs for
adoption. However, Gideonse proposes a model which emphasizes the nonline-
arity of the research and development complex. He states, "My purpose in de-
veloping an alternative model it to create a heuristic which illustrates the essen-
tial differences between research and devefopment aclivities and show how the
two are—or can be—related o one another and fo the operating educational
system,"

The model proposed emphasizes the quite di%eront objectives and
outputs of the researth and development aclivities. Research is characterized s
an activity begun with specific ovtcomes not being known. Contrasted to this is
the development activity which is begun with the objective known or established
at the onsel. In the model ptoposed the dynamics of initiation of research and
development octivities are quite different, as are the outcomes or products. Re-
search may be initiated for its own sake and pursved solely for the knowledge
which it produces. Whereas development activities are initioted in response to @
specific need; the specifications for the product can frequently be cefined before




the onset of the development activity. However, even though the utilization of
the research product is not predicted or predictable there rests on the reseurcher
the obligation to present results in such a way so as to allow transfer to other
research or development projects. In the model propused by Gideonse the out-
put function of the various activities is crucial. Such a model allows those con-
cerned with planning research ond development activities to more clearly see the
essential characteristics of these activities,

The authors of this section describe the current scene and provide o
glimpse of the future of educational research and development. The growth of
the present research and development invesiment may indeed be a prologue 1o
the fulure,
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mmmn Rosearch and Development
Strategles: The Current Scene

commns R, Louis Bright tad Hendrik D. Gideonse

IT 1S MOST stimulaling to partiet-
pate in a fleld which has generated as much excite-
ment as educational reaearch has Lo recent months.
Controversy, discussion, and debate are very much
the order of the day; Lhe gradual growth of conlacts
with new and informative sources of data, and of
faith in the research effort are developmenmts full of
promise for the future.

In agreeing to prepare this paper, we explicitly
accepl the notion that it makes sense to consider
strategh:s of resezrchand developme R ot Improving
oducation. At the same time we do not make any
¢laim fo producing ansthing more than tentative
steps in the direction of mor e adequalely deiined
sirategien for achieving mutually agreed upon objec-
tives. For a rariety of reasons which we will at-
tempt to spell 0wt in this paper, we have begun the
process of developing and applying mote expieit
strategien to the research and development procesa.
These strategien are neither tighd nor lightly held.
Some aotions of what we are about and why are
clearly necessary; act to have them ia to defanlt a
major responsidility. In thia paper we Uy to spell
out both the general outlinea of the estrategies we
are parsaing and the protederes by whkh we hope
tc contimally modify the spetHic substance Implic it
inthose strategien and the actual sirstegies them:
selres.

The improvement of American adue o lon depends
wpon the Systematie investigation of the frocess and
the hecessary conditions for learning, the derelop-
ment of Instrectiona] o jectives, strategier, sad
materials based on the knovledge educators and

Q

RIC

Aruitoxt provided by Eic:

United Stotes Offica of Edutation
Washington, 0. C.

others accumulate about (he learning procesa, and
finally on the implementation of those strategiea and
the use ol those materlala in Instractional aettings
scross the country. We take thia as a fundamental
article of faith, tut [t ig a faith which has been sub-
siantiated over and over again in all fields of uman
endeavor whether they relatelo space, health, poverty,
industry or education. To ¢laim, however, that sig-
niflcant and continuing advance s in the process of
oducation depend wpon research and development Is
only I*.2 barest of opening ststements. A perspective
and the setting need first Lo be sketched in, and then
a full exploration of the ramifications of that article
of faith needa to be conducted.

SEYTING THE PERSPECNIVE

Any consideration of the role of research and de-
velopment In American educalion necessarily relates
to Lhe nature of the existing "system’ through which
we have ins'itutionalited education [n our pociety,
With legal reaponsibility ot education inthis commtry
vested tnthe states and operational responsibility for
schools largely delegated 10 some 25,000 local ede-
cational agercies avthorized by the states, the tole
of the Federal goverament hat lsrgely been confined
to providing apectiied categoeical financial support.

These different devels of responsidility are com-
plicated by another feature of American edutation.
Not rmany of the diveree institutions and agencies
which serve educatlon in this society are well-coot-
dtnsted or formally telated lo one Ancther. When
we use the word "'system’ as applied to American
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education, we are belng generous, What we have (s
a de facto sysltem which serves the broad needs of
the soclety well, but perhaps not as well as it might
i It were generously Jaced with efficient communi-
cation channels designed to make [t an integrated,
functionally related entity of many parts and many
purposes,

From the point of view of the general Immprove-
ment of education, it makes more sense (o talk of
the educational sestem as composed of slasses of
Inatitutions and agencies. Each ¢lass embraces
organizations which perform similar functions and
which, if there were an organized system, would
be expected to fulllll a particular role, Thus, the
c¢lasses of Institutions include the three levels of
responsibility for education - local, state, and
federal. 1%ey include professivcnal assoclations
and Institutions for training teachers. They Include
the Industries which supply materisls and equip-
meat to the achools. They inciude universities and
Institutes under whose segis research on education
and learning Is performed, The existing ‘‘system,”
in other words, is largely a collection of nearly un-
relsted sub-systems or institutions representative
of sub-systems, This feature is of no small im-
portance In devising strategies for the general {m-
provement of the whole.

A NATIONWIDE NEED FOR EDUCATIONAL
RESEARCH AND DEVELOPMENT

The nationwide nature of the need for educa
tlons] research and dcvelopment Is tecoming In-
creasingly apparent. Schools, disteicts, state
education agencles, pelvate Institulions, colleges,
and universities all have major needs relsting to
the improved fulfillment of their (nstructional re-
sponsibtlities, While individual Institutions and a-
gencies differ, many i n® 2 major ity of the prob-
Teme which confront them are similar, Serlous
Q" stions of ecanomlics of scale have dbeen answered
n effect by the peistively amali amounts of money
which have ‘. en devoted to educstional resesreh at
the local level, We have seen for decades an eatire-
ly reusonable r¢ sponse on the part of local and etate
agentles with respect to the funding of major re-
eearch and development efforts. While they have no
doutt been awsre that sophisticated, well-conceived
research programs would benefit not onty them-
selves but also many others as well, very few have
f21t that they thepiselves could Rssume he financis]
and hutan burden of mosnting large-acale research
grograms. Tt would make vastly mote sense i
the attual cost ol generating those lindinga and
matetials were amoriited more proporilon-
ately across all the potential deneficlar-
fes.

The method for teaching mathematies, for example,
is not 1ikely to be muth different foe similar ¢hl-
dren in Maine and Arizona. On the other hand, there
may be significant differences in Instrection In
wathemalics within & state fo* children having di-
ferent poclo-economic thasatteristics, learaing
styles, or motivational prodblems, R wosld be 2
philanthr o2 district or slate that feltiteould mount
the requisite researeh and Jevelopiment projects to
serve all the immediate local needs when some other
methanisms condd be developed whkh world

distribute the cost more tairly in relurn for the mu-
{uval benefits that would be derlved.

THE EMPLOYMENT OF NATIONAL RESOURCES

1le resources for conducting educational research
and development, though not as limited as some
people would have us belleve, are in fact unequally
distributed across the country. No necessary ¢on-
¢luaions with respect to ¢oniinuing patterns of sup-
porting educational research can be drawn from that
fact, but a consideration of it Is certainly one of the
retevant contextual matters for the development of
research and development strategies. The natlon-
wide characler of the need for research and the un-
equal distribution of the human resources for re-
search reinforce one aiaAher. They highlight the
breadth of the problem, In nther words, 80 long as
human resources ar e unequally distributed, the di-
rect or implicit coordination of them to gerve re-
search and educational needs of high priurity will
conslitute one of the major background considerstions
in research sirategies.

FINANCIAL RESOURCES

Certainly one of the more Important matters
lendir.g perspective to research and development
(R and D) strategiesfor Improving edvcation is the
svallability of financing. The rekources are limited,
Monty avallable from sll sourcesafor Rand D in
education has never exceeded | percent of the totsi
annval expendltures on education in the nation as a
whote. Estimated expenditures tor this fiscal year
for all levels of formal educalion are $48 8 billicn.t
By contrast the funds svailable at the Federal level
for educational research and development are some-
where betweer $200- 220 million, * Simple arithme-
i€ raveals that this amount constitutes leas than half
of | percent of the total annual expenditure on educa-
tlen, We do not by ary means taka that as “'a gliven*
for the future, but it is most assuredly an {eyportant
element in developing perspective on the prodblem of
research strategies for the present.

THE DISTINCTION BETWEEN “RESEARCR" AND
“IMPROVEMENT"

A [inai element for consideration In this context
ts our conrviction that R and D tn education and
the change peccess In aduc st ™ are two very difterent
funttions of procenses which rausl, however, be
relsted Intimately, sensitively, and Integrally to one
anther. The research and development process pro-
dutes the mbstance of lmptovement. 3t yields the
knowledge sbout the learning peocess and the sotisl
selting for leaening and edacstlion, and encourages
the tefinement of objectives and he development of
materlals and instruntional processes whieh incorpo-
rate that knowledge into Impeoved educational prace
thcen

The implementation of those peactices In the
achool systems across the nution - Lhe diffetential
accomodation of difterert Institetions and agencies
to the new roles and expectations crested by the
Improvements -~ however, I8 2 very duferent kind
of problem and requires strategies and tae’'es com-
mensurale to the task a9 H (8 revealed. ThHe differ-
ences belween the two processes and the eniqee
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characteristics of each may very well shape signifi-
cantly the str-tegles adopted for one or the other.
The functional demands of educatlonal research and
development, for example, place certsin constraints
on the process of impleinentation. Similarly, the
extgencies of the process of iraplementation may
tmplinge upon the strategles for R and D which may
be adopted.

RESEARCH, DEVELOPMENT, AND THE PROCESS
OF IMPLEMENTATION

Recent policy-level discussions of educational
research and development within agencies respen-
sible for ressarch funds, between such agencles
and thelr constituencies, and withinthe researchcom-
municy itself, have made (t ¢lewr that there is far
from unanimous agreement ot the definition of the
terma commanly applied to research and develop-
ment. For thie rcason, we believe it would be
helplul to estabiish how we are now using various
terms ~ not to develop for all time & theszurus 88
spplied to the research process, but rather to clar-
ify our concepts and Interpretations.

The research and develcpment process tnvolves
all those sctivitins designed to produce knowledge
thout the learnirg process (research, for examnle,
deaigned to improve learning theory or to improve
our understanding of the fundaments] ¢he micsl, bio-
logical, and neurologicsl processes underlying
learntng). It Includes other kinds of activities de-
voted to the social context of 12arning (for example,
the classroom or s¢hool as » soclal system, or the
relationship aniong non-trstructional factors such
a8 motivation of peers, socio-economic status, edu-
cational level of the hame and the direct Instricticnal
{nterventions of the school such as curriculum, In-
£tructionsl methodology. facilities and 50 on). 1t
inclades studivs pertalning to the organization and
sdminlstrs.fon of the Instructional enterprire,

Research ard develupment plsc tncludes t 1e de-
velopment of new practices, materials, and proc-
estes bazed on the knowledge newly ¢reated in the
other kinds of studies. This involves ldentification
of the specific Improvement desired and Lhen the
systematlc engineering of the improvement, usiag
allthe infor mation derived frombasit research that
is relevant.

A third par! of the precess, closely related to
development, is the Jemonstration of the feastdility
a% the nex materials, precetses, or organizational
forms In other than the hothouse setiing of the de-
velopment laboratory,

Finslly, a lourth elementinthe Rand D processis
the syetematic dissemination of Information relating
toallthe different stages. Information about reseasch
projects completed and underway is 2stentlal to the
basic researcher. The educstional develojer also
needs to know Lhe latest findings abowt learning if he
s to be able to Incotporste them in his work., Re-
searchers and educators {n the schools need to know
what the development people are wpto. On the
other hand, the kinds of prodblems encounteted by
those engaged Ia curriculem of hardware develop-
ment miy suggest research projects to the payehol-
ogists and soclolegisia, School people need to keep

ERIC

Aruitoxt provided by Eic:

aware of new techniques and possibilities under de-
velopment. Demonstrations nced to be publicized,
ton, and the success or lack thereof prov:_is
further tnformstion to both researchers ane develop-
ers, Finally, the existence of the dissemination
capabllity itself needs to be widel publicited to in-
sure that all those having the need can make appro-
prlate use of it,

Applied to any given piece of knowledge or any
given improvement in one or a few schools, the
R snd D process and the implementation of improve-
ment process appear to be idertical, The differences
belween the two processes begin to become visible,
however, when the systemstic implementation of
improvements in the entire educational system Isthe
desired objective. The systematic and continuing
introduction of improvements in edwation through
judicious innovat'on and change busea on research
requirescareful aitentiontothedifterent roles played
by the many independent agencies and i~stituttons in
education.

The first sttempt, for example, tc Implement a
new ¢currlculum tn economice In 8 secondary school
undertsken with the ald of the original project staff
responsible for developing tt can easily be viewed
18 the norms! demonstration responsibility of the
project. But i the scope of responsibllity ia enlarged
to include developtng the 2apability of any teaching
staff anywhere in the country where adecitionto
Implement that curriculum has been made (hat de-
ciston assumes, of course, knowledge about the cur-
ticutum ard a Judgement as to its suitability}, the
problem tg clearly targer than an individual project.
Attention needs to be pald lo the problems of devel-
oping mechaniams for the inservice and preservice
training of teachersiouse the new curriculum, That
effort in turnixay point to the particular responsi-
biiitles of teacher lraining Institutions across the
nation both to aralst In the particulae effort asd to
tnsure, more genesally, that preservice lralning is
undertaken Inthe 1ight of the almost certain need
for continulng education of teaching staff to keep vp
with new departures in curricular spplication. Thus
we have moved tn this one instance very quickly away
fror., the tndividus] school setting to the much larger
Question of how teacher Lralning lnstitutions = and
mayte, therefore, also state teacher certification
agencies - sre lo play theit particular and general
roles of enhanting the likelthood of the adostion of
peover. innovation.

The malter can de carried still further. Schoot
boards should be appeised of the need to contimmally
re-exsmine curricelar objectives in terms of pee-
sent and future social needs; a3 & consequence they
can be expecled to play & signtficant part in the net-
works of differing responsitie agencles haring vnique
toles In the process of implementing eduestionat Im-
provements based on and validated by research. The
res onafollities of industry In helplng to develop
raaterlals, in manufacturing, and in selling them
similarly need careful attention. Thelr tesponsi-
blitles, ¥ any, for tralning their customers In the
wse of newly developed materials also need to be
considered.

Viewed on a larger scale, then, R wocld appear
that many of the questions associated with the acteal
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Imple:nentation of solid Lnnovations system-widede-
pendon tactors moreclosely related tothe dynamics
of social change than to the actual research and
development process Itseif. Thisdynsmic~-
whether called administration, the politicsof change,
or continuing sttention tothe irtricactesol the proc-
ess of building conviction Inand a demand for more
effective niaterials and practices in the schools ~
is 2 necesaary condition for the implementsation of
the products of R and D in schools. It constitutes,
therefore, an absolutely essentisl prodblem for edu-
cational R and D strategists.

RESEARCH OEVELOPMINT AND DISSEMINATION
STRATECIES OF THE PASY

In deacribing the strateglies of the pas:, present,
and future we have elected to characterire broadily
In generalized form the major outiines of attack as
pursued until a very few months sgo, the kinds of
changes which took place and that have placed us in
s crucis] period of transition, and the sorts of di-
rections we project fcr the future.

The avaitability cf mililors of dollars for educu-
tions] resesrch and development is a relstively new
phenomenon. The recency of this growth and its
absolute site glve some pause for thought, A re-
view of developments will help disclose the rarge
of oftions avsllable to us now snd in the future.

The first plece of legislation gpecifically suthore
f2ing the Unitad States Office of Educttion o support
research, surveys, ard demonstrations in educas
tion - The Cooperative Retéarch Act - was passed
by the Eighty-third Congress In 1954. In effect, t}e
Congress said that research {n education was impore
tant enough that the nation needed legisiation to
suthorite Federal support for it. The Act itself, of
course. represented s lirel step in the develcpme..t
of sirstegies for conducting R and D to improve
eduvcation. Fout years later, in 1958, the Congress
inctuded twotitles inthe Natiohal Defease Education
Act (NDEA) suthoriting tesearch onthe uses of new
medis and on modernforeign languages. Thesethree
swhorizations tutned oul Lo be but a beginning.
Thete are now a tots) of seven pleces of tegisiation
inctuding authorizations perlalning to rocational
education, handicapped childoen and youth, libeaties
and infor mation aclence, And an suthorization under
P. L. 480, 2 epecial forelgncurtency program based
on the distrution ¢t surplus foods.

The pasasge and funding of Feders) legislstion
tuthotiting tesearch in edutation was 8 major de~
partere inand of [taelf, R was recognition of the
conriction that Federal support needed tobe directed
to a prodlem bearing dimengions larger than those
of individual states and valling wpon rescurces,
both finantis! and Yeman, then currently beyond the
means of stale and Jocal educational agencies.

The initial forays in support of educational re-
search combdined the Mentification of aress of con-
cern and the suppott of technically excellent propos-
als sebmitted in response to & general call.  In the
very first instance, lor example, proposals were
tequested dealing with mental retardstion. As the
tesearch programse i dollar size, gtester
propottions were administered on 8 monptioriy

basls. Areas of imperiance were identified pariodi-
cally and interest maintained in those are:s, but
the guicing rrinciplefor the support of research was
the technical excellence of proposals rather thanthe
type of research or the substantive area of concern.
That principle was viable becuuse in the early days
of the research effort it was always possible to fund
sll the technically excellent proposals without regard
to the tield of study.

Over the years, substantial amounts of applied
research ss well ks basic research were stimulsted
and supported. In more recent years the research
peogram has moved inio two kinds of sctivity: cur-
riculum improvement and the establishment of re-
search centers designed to explore programmatically
Rand Dina defined problem area In education.
Even with the addition of (hese new thrusts the same
principle mentioned before was atill spplicable, The
field was young and growing, but it was stlll possible
to suppert sil of the quality proposals submittad.

THE RECENT PAST AND
THE PRESENT

In 1965, several groups including staff Inside the
Otfice of Eduestion, 8 Presidential Tark Force, and
othersbegantotake a hard louk st federsily supported
research In educstion, thea nearly O years ¢ld. The
wisdomof esrlier sirategies was spparent. They
had been successful = in part bev ase of the avail-
ability of dollars, in part because 3f the generally
unsolicited mnde ot operstion = In s.imelsting the
growth of and interest in research and development.
The field was groving; the subinissions of proposals
was increasing rapidly (in fact, st s faster tate than
sppropsiations); the educations! community ssa
whole was beginning Lo pay sttentlon to the possibili-
ties of research.

IMPORTANT RESEARCH DEVELOPMENTE

Research and Development Centets. Thet . »ly
acquired visibiiity of research and development,
however, led to concern over gome of the spparent
defictencies of the total research effort s it had
emetrged to that point.  Firet, it became apparent
that the individual research gprojects as s whole -
while the scceptable levels of quality individually =
did not {it together well enough 15 be considered
coordinted spproaches to sutstantive peodleme in
aducation. The Research and Developrent Cenlets
were in part ereated ia response to (his necd, tut
R was felt that major chunka of the resesrch effort
shoald be bewter coordinated and designed to lead lo
cumulstive results,

Second, part of the difficulty 1a developing highty
coordinated cumulative research effoets could be
atiributed to the Inadetuscy of the dissemination of
infor mation to the educational tesestch commmnity
reganding the lindings of completed research and the
nMute of catrert tesearch. A sirong peed was felt,
therefore, for the establiahmerd of an effective re-
search dissemination sy stem.

Thinrd, s careful examination of the outcomes of
research in termaof service tothe schools tevesled
that in two senses Insufiiciont stiention was being
taid to the gap between the research stage and
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implementatlon. Flrst, the stage of development was
not being supported to anything near the degrce that
it should. Second, very little atiention was being
directed to lhe change process whereby improve-
ments could be actually implemented in wide-
spread fashion,

Fourth, it was clear thal the human resources
available for R and D actlvities would need to be
expanded in at least two ways. Training programs
to develop new talent would be required. New
agencles and institutlons prevlously not eliglble for
support would need to be tapped.

Amendments to Research Acts. The responseto
thege felt needs took the form of a serles of amend-
menis to research leglslation, the creation of a
serles of new program efforts under the aegis of the
newly acqulred authorlty, and the passage of a ncw
plece of leglslation. The basic plece of research
legislation administered by the Office of Education,
The Cooperatlve Research Act, was amended in 1965
by Title IVoi the Elemeniary and Secondary Educa-
tion Act (ESEA). The amendments broadened the
exlsting authorlty - to eupport research, surveys,
and demonstratlons in educatfon ~ to Include dis-
semlinatlon, The range of eligible institutions was
expanded {o virtually all kinds of publle ard private
organizations whether profit or non-profit. Author-
ity was included to develop programs designed to
train educational research and related personnel,
and to upgrade trainlng programs. The Office was
authorized to award grants as well as contracts,
and the Commissioner was given authority to award
funds for the construction and equipping of facilities
for research and related purposes.

These amendments vastly extended the range of
actlvities possible under theresearch program, and
made it feaslble for the research program to meet
directly some of the needs identified in the reviews
of the program to that time. Inaddltion, the testi-
mony before the Congressional committees - or the
legislatlve history, as it {s cailed - made it very
clear that the broadened authorlty was to be used
to bridge the gap betweenresearchand practice and
to pay substantially more attentlon to the problems
of implementing the knowledge derlved from the
research efforts to date and In the future. The
broadened responsibllities represented by these ad-
dltlonal authorizatlons have created new demands on
the adminisiration of research and at the same time
have cffered new {ools for meeting emergent short-
comiiigs of the research effort.

Training Program. To date, three major new
program thrusts have undergone spirited develop-
ment. A tralning program designed to expand the
corps of educational researchers hasbeendeviloped.
This program provices bota program development
grants and an array of training mechanismsranging
from instltutes of short and long duration through
undergraduate and graduate tralning programs to
a smal! postdoctoral effort (Clark, (967).

Educatlonal Research Infocrmation Center. The
Educational Research information Center (ERIC)
has becn establlshed with Central ERIC, twelve
clearinghouses, and more to come. ERIC is de-
slgned to provide to researchers and practitioners

alike an informatlon storage and retrleval mechan-
ism to make avallable instantly in easlly accessible
indexed for m all the researchand retated data
relevant to a particuiar problem. Research in Edu-
catisn, the monthly publication of the ERIC system,
has now published several issues and already the
usefulness of thls effort has begun to prove ltself.

Educational Laboratories. The third and largest
development In the research yrogram has awakened
the Interest, excitement, and the enthusiasm of the
entlre educatlonal communlty from local schools,
state agencles, and teacher training institutions to
industry, scholars from the arts and sciences, and
the lay public. We refer tothe National Program
of Educatlonal Laboratories. Urawing from re-
sources in regions extending across the nation, new
institutions called educatlonal laboratories have been
created to bridge the gap between research and prac-
tlce. These institutions were created by represen-
tatlves of all the many agencies and instltutions
which play different roles in the lmplementation
process, They are reflections of the conviction that
it is not enough to do research; that research must
be followed up by development project which, having
established the desired objectives = whether curri-
cular, instructicnal, organlzational, professional,
or technical ~ then move to the development of solu-
tions drawlng upoen the best that research hasto
offer. The laboratorles have also been charged with
the responsibllity for active disseminatlon campaligns
based on the successful development projects they
and others engage in.

We have encouraged the laboratorles to concelve
thelr responsibilities broadly - encompassing much
more than merely the distributlon of information,
although that is a critically important functlon among
many. Clearly, one of the imporiant steps in the
diffusion of research-based finprovement throughout
the educational system Is the establishment of demon-
stratlons. First time demonstrations of feastbllity
wlil be the direct responslbiilty of the laboratories;
the more widespread diffusion of the suzcessful in-
novatfons will depend on the degree to which infor-
matlon about the innovatlon is distributed to various
parts of the systems, the degree to which the Innova-
tlon recommends itself to pruiessionals, and the de-
gree to which credible demonstrations of the new
practice or curriculum are mounted inschools, This
last part of the diffuslon process - the establishment
of real-life (not hothouse) demonstratlons of the in-
navatlon without the Intervention of the {uventor ~
represents a place wheze the labs can work with the
state education agencles and local school districts
to make use of Title Il of ESEA. Such demonstra-
tion efforts must be coordinated and well-concelved.
Laboratories can help only in their areas of compe-
teuce and program thrust and only by cooperating
¢l 2y with state education agencles and the local
school districts,

The laboratories were conceived insuch a way as
to invo’ = in thelr government and their operationthe
many types of differentresponsibllitics and resources
that combine to for ra the educational system as we
know it. The hope is that these new {nstitutions ~
responsible for their own program development and
implementation and knit closely together to form a
network - will, a3 thelr resources permlt, at one
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and the same time engage in 1) niajor efforts to
develop new materials, practices and organizatlons
uslng the outcomes of research; and 2) by utlllzlng
the expertlse brought to them by the involvement of
different agencies and Instltutions, pursue courses
of artion which Lelp to hasten the process of Im-
provement once tested innovatlons are avallable,

The strategy for tl.ese three new programthrusts
is stralghtforward. If there is to be an expansfonin
research and development, people wili need to be
tralned or recruited from rew areas to {ill the de-
mand. In order to bui!' structures of knowledge and
cumulative improvement, dissemlnation networks
and the material which moves throughthemwlilnead
to be better systematized and improved. Finally, to
{111 the gap between research and practice, a new
autonomous institution drawing institutionally and
representatlonally on many resources in the educa-
tion system has been crected.

TITLE 1l OF ESEA

In addltion io the new authorizationsfor research
and the programs mounted as a result of them, the
Elighty-ninth Congress passed Title Il of the ESEA.
Thls program, authorlzing support for projects sub-
mitted by local educatlonal agencles designed to sup-
plement existing school programs or to serve as
models for existing school programs, was an inno-
vatlon in Itself. When {former) Commlssioner Kep-
pel testified before the House Subcommittec on the
Elementary and Secondary bill, he told the Congress-
men that he viewed Title III and Title IV together,
Title IV was to be the means whereby the substance
ol educational fmprovement would recelve increased
impetus and attention; Title Il would be the means
by which local schools could inaugurate the kind of
credlble real-life demonstrations which would be
convincing to thelr counterparts and become there-
by one of the moving forces for the widespread adop-
tion of tested innovation. Those responslble for
Title IIT estimate that this past flscal year fully 60
percent of the money went to support projects relat-
ing to the functions of development and demonstra-
tlon. This year the program expects to do at least
as well. Mosl important, for the first time local
educational agencies were provided with the funds
and the encouragement to experiment with new jdeas.

CURRENT DEMANDS AND
STRATEGIES FOR THE FUTURE

A thorough consideration of the present status
of educational research on the basis of {five varla-
bles provides important clues tothe directions
future stralegies may well take. Those five varia-
bles are discussed briefly in the following para-
graphs,

VARIABLES RELATED TO STRATEGIES

The Research Function. The research function
has been charged broadly with 1) the basic research
responsibllitles relating to fmproving our under-
standing of the nature of learning and the conditions
for it, 2) developing materfals, practices, processes,
and Institutions designed to Lmprove fnstructional
practices, and 3) engaging Ina range of activities

running from demonstratlontodisseminationtotrain-
ing, ln order to ensure that improvements find thelr
way to implementatlon In operatlonal settings.

The Financta) Demand. Tha financialdemand,
represented by the broad responsibllities indlcated
above, is difficult to estimate with precision, but
Its dimensions can be sketched. Recent experience
accumulated by the National Science Foundation, the
Office of Educatlon, and the Office of Economic Op-
portunity has shown that full-scale multi-medla cur-
riculum development can range in cost from $ 2 mil-
lion to $68 million per course; even this expense is
engendered by bullding curriculums for schools a s
they are presently structured. The costs for simi-
lar development for newly organlzed institutions
might well be more. In any case, however, it does
not take very complicated arithmetic to multiply the
above figure by the number of possible course ex-
periences that might be developed for preschool, el-
ementary, secondary, community college, under-
graduate, graduate, and adult educatlon. If one as-
sumes, as we think is reasonable, that such curric-
ula probably ought to be redeveloped every §or 7
years it is not unreasonable to project an annual ex-
penditure of a half billion dollars just for curriculum,
hardware, and organizational development alone.
The research effort to support that kind of develcp-
ment effort will add another $150 million to § 200
million ta that flgure annually. The cost of demon-
stratlo' » must also be added - perhaps as much as
$300 million or $400 mlllion annually. A rough rule
of thumb for dissemlnalion activities indlcates that
approximately 5 to 10 percent of the research effort
ought to be spent in that area. We can add conserv-
atlvely for that purpose another $30 million. The
total is slightly more than a billiondollars annually,
an amount which - if added to the current estimated
expenditures of educational institutlons for this fis-
cal year — would constitute just 2,2 percent of the
total, That rate of expenditure for research and de-
velopment approximates the minimum percentage de-
voted to R and D today by American industry, It
strikes us as reasonable that the educatton industry,
with estimated expenditures of $48. 8 blllion infiscal
1967, should devote a simllar proportion of effort
to research and development Ln areas relevant to Its
mlsslons.

The Dollars Available. The actual dollars avail-
able for the broad range of actlvitles associzted with
the research effort have grown dramatically, They
are by no means equlvalent to the demands briefly
sketched above, But major funding forresearch
and related activities is still in its infancy. Signifi-
cant educationzl research funding began only n 1957
at a combined USOE/NSF level of $1.7 raillion and
has grown this year to an annual levelof $200t0$220
million including USOE research appropriations, the
NSF Course Content Improvement Activities, other
miscellaneous agency expenditures, and Title ITl of
ESEA (assumlng that the 1866 ogortion - 60 per-
cent - of the Title I, ESEA, activitizs going to de-
velopment and demonstration holds for 1967),

This level of funding, matched with the estimate
of the conceivable demand for funde forresearch
and related activities, underscores the critical na-
ture of the allocation of financial resources.
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Manpower Resources. The problem of manpower
resources is of crucial importance and is not easlly
resolved. A direct response, although a long-range
one, is to train a new corps of professlonals having
the klads of skills required to perform the entlire
range of research functions, There are other pos-
sible approaches, however. There already are~
In other disclplines and in other kinds o/ institu-
tions ~ Individuals skilled In the researchanddevel-
opment environment, and who could probably be per-
suaded to turn their attention to the fleld of educa-
tion. These conslderations were in no small meas-
ure part of the strategy behind hroadening ihe list of
eligible organlzationsto participate inR and D. They
also played a major role in the early decision inthe
adminlstratlon of research to secure the active in-
volvement and particlpation of arts and sclences
disclplines in educatlonal resecarch, a strategy that
has continued until now and willbe maintained In the
future.

The combination of approaches adopted for the
provislon of adequate manpower supplles can be ex-
pected, then, to have considerable bearing on the
possibllities for growth (see Clark, 1965; Guba and
Elam, 1965; Hopkins, 1967).

Successses of Past and Current Efforts. The
successes of educational research and development,
the growing visIbility of operatlons In this area, and
the Increasing conviction that research will in the
long run provide the basis for substantive Improve-
ments §n education have created new demands upon
the human and flnancizl resources available tothe
research enterprise. As soon as the demand out-
stripped the rescurces, something thathagpened
only very recently, the entlre pleture of support
necessarilv was altered. It has now become neces-
sary to allocate limited resources in the face of ce-
mands which exceed those resou. ces.

ADDITIONAL STRATEGIES ADOPTED

The flve considerations dlscussed above have led
to the adoption of additional strategles. Broadly
speaking those strategies embrace the three princi-
pal functions dlscussed below,

Careful Long-Range Planning. Now that the do-
mand has clearly out-stripped the supply of re-
sources, particularly in the flnanclalarea, it is
critlcally important that the allocation of research
dollars to varlous research functions and to purtic-
ular toples or areasof developinent be accomplished
in a careful and loglcal manner. This must be done
in ways to ensure that both short-term and long-
term interests are met, and to maintaln and
strengthen the exlsting potitical structure of educa-
tlon as it has developed over the years.

The careful long-range planning of those re-
sources is much more llkely to produce optimum
levels of support for all the different functions and
areas for research and development thanis atotally
non-directive approach embracing the competitive
selectlon of technically excellent but unsollcited pro-
posals for support. Such planning will nced to take
Into conslderation the instructional and administra-
tive needs of the different educational levels and the
many kinds of agencies, Institutlons and organiza-

tions in the fleld of education, industry, the profes-
stons, and government. Attentlon will huve to be
given to the needs of different target populations, in-
cluding the general student, the handlcapped, thedis-
advantaged, and the gifted. This implles,ol course,
that it will be necessary for usto develop much
more e{fective mechanisms for planning research
and related actlvitles in order to ensuie that all rel-
evant data are canvassed and that maximum flexibil-
ity Is built into the planning and admlnlstrative pot-
icies devolving from that planning. We must be
careful, for example, th2t we contlnue to pursue
the wisdom of earlier efforts in support of research
by maintaining a signiflcant portion of the research
budget for unsoliclted efforts. This {s only one ele-
ment of the larger planning plcture, however, al-
though a very important one,

Ab part of the attempt to improve the data on the
basls of which research and other educational plan-
ning 18 now done, the Bureau of Research has re-
cently called for proposals to begin pilot projects
we hope will ultlmately lead to the establishment of
educational pollcy centers. These centers would,
on a continuing basis, conduct the kinds of siudles
which would enable all of us to have better ideas, of
the 5-, 10-, 20-, and 30-year picture for education.
How should or might the schools relate to the soci-
ety? What should the range of curricular objectlves
be? What kinds of sources might exist for financing
education? How might schooling be structured inthe
soclety in the years to come? What technologles
are llkely to be avallable? These centers will not
be engaged {n predicting what the fnture wlill be, In-
stead, they wlll try to project the many alternatives
available to us, cost them out, examine the conse-
quences, and thus provide much betierdatato policy
planners than are now avallable. They will provide
a new kind of information and analysis looking to the
future in a systems-oriented interdisciplinary way,
supplementing the improved present-orlented data
collectlon which must also accompany the planning
process (see Goodlad, 1967).

The Outputs of Research Process, Our conctern
for the outputs of the research process is pragmatic
In part, but it is tied closely to our conceptionof the
mlsslon of the research effort in education Ingen-
eral and of USOE’s research prog:iam {n particular.
We have stated our faith that the improvement of ed-
ucation depends in the long run on the systematic
prosecution of a well-concelved R and D effort. The
improvement of educatlon {s the fundamental thrust
of the mission; that criterion must be the continuing
evaluative gulde we employ in judging the success
of our efforts.

While It 18 true that the justiflcatior. for support-
ing research and related actlvitles in educatlon with
public money can only be the eventual and significant
betierment of the educational system as a whole, It
Is also true, happily, that the more we can demon-
strate that research has affected school practices In
a positive way, the more llkely It will be that great-
er support for the entire research process will be
forthcoming. Thusebeliavethat suchobjectivesare
not only good public policy, butgood politics as well.
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Therecanbenodenying thegrowth and the
strength of the interest in results. The Congress
I concerned. The Executive Branch s concerned.
Iocal school people have made their Interest felt In
a number of ways, particularly ia the development
of the programs for the educatlonal }aboratories.

We believe, however, that a strong and continu-
Ing tenslon exists between the conduct of research
designed to increase our knowledge of basic learn-
ing procésses, for example, and the pursuit of de-
velopment projects designed to yleld specific out-
comes for instructional use. The demand for re-
sults uas ralsed the appropriate and throughly justi-
fiable concern of the academic and scholarly re-
search community that such demands may tend to
compromise the long-rarge efforts which are so
badly needed. The continuing tensionbetween short-
term snd long-term requirements - between today's
yourgsters and tomorrow's - isreal and constitutes
one of the continuing nightmares of the research ad-
ministrator. This proolem is the responsibility of
the administrator of research, and it must be square-
ly met. We belleve that it is important that the two
functions not be confused, but thatthey both be
served with sophistication and energy.

The importante of concentrating on the improve-
ment of schools, and the significance of development
projects (n that effort, signals an Increasing atten-
tion to such activities as curriculum development
and explicit altempts to improve instructional prac-
tices. We are Increasingly persuaded, for example,
that prudent management of the limited resources
available at the present time makes it necessary for
us to adopt a research strategy that relates applied
research projects closely to identified development
efforts. We would hasten to add that the preserva-
tion of a signficant portion of funds for unsolicited
proposals will still permit the support of some ap-
plied research unrelated to development since good
ideas will also be generated indepcndently of develop-
ment projects or reseaich planning groups and
should be supported on thelr own merits.

We anticipete, then, stiil further increase In at-
tention to development kinds of tasks designed to
produce substantial, measurable, and cumulative im-
provements in the natlon’s schools.

Continued Expansion of Research and Related
Activities. There Is no question In our minds, as
all the preceeding analysis should clearly indicate,
that research and related actlvities must continue
to expand in rapid but judicious ways. By directing
our attentlon to the developraent of coordinated strat-
egles for the support of research with the Implica-
tion that greater attention will be paldto the out-
comes of the research effort, we belleve that con-
stituencies in support of educational research will
grow and the dollars avallable for the function will
Increase to what we believe are the regular mint-
mal levels we suggested eariier.

SUMMARY

In this paper we have sketched out the two parts
of the change process: research and development,
on the one hand, and implemenrtation, on the other.
We have suggested that the princlpal purpose of the

research eflfort ought tobe viewed as the improvement
of education In the schools. We have indicated the
national need for research, and the importance
of drawing on natlonal resources to meet that need.
We have described the discrepancy between the po-
tential size of the need in dollar terme and the actual
fiscal resources available. We have suggested that
these conditions lead us to adopt, in effect, multiple
strategles for R and D. These include: 1) better
planning of the research effort; 2) more attention to
the training of research and related personnel; 3) the
establishment of new institutions - the laboratories -
and new programs - Title III - to greatly increase
the opportunities and responsibilities of local school
officials in the research and implementation proc-
ess; 4) the continuation of significant proportions of
unsolicited research and development funds; and 5)
increased aitention to development efforts designed
to yleld better materials, equipment, and Instruc-
tional practices for the schools, All of these strat-
egles will, we hope, lead to Increasedunderstanding
of the ultimate impact of the research effort, help
to bring about substantial increases inthe amount of
support committed to research and development in
education, and will provide the foundationfor the con-
tinuing improvement and self-renewal of our educa-
tional system,

NOTE: DPr. R. Louls Bright is no longer with the
United States Office of Education. He Is presently
iocated at Baylor Unlversity in Waco, Texas where
he is a professor.

FOOTNOTES

1. Digest of Educational Statistics, 1966, U.S, Gov-
ernment Printing Gifice, Washington,D.C.,
1968, p. 17,

2. The imprecision in the estimate derives from a
number of considerations. The research au-
thorizations of USOE in FY 1867 total $89 mil-
lion, but $6 milllon are for training and an-
other $14 million are for co.struction, The
Natlonal Science Fourdation spends close to
$17 million a yearoncurricuiumdevelopment,
and almost cerlalnly some of the curriculum
development efforts of the Offict of Economic
Opportunity will be used by schcols. Similar-
ly, the Natlonal Instltute of Mental Health and
National Institute of Child Health and Human
Development also spend a considerable amount
on research related to areas of interest to
learning and education. Title Il of ESEA, if
past percentages hold, could well spend $81
miilion on development and demonetration ac-
tivities. Part of the developmentof strategles
for educational R and D Is the ¢ dordination of
these saveral sources of research and re-
search related funds,

3. The actual figures by program and year are as
follows: (See chart on followling page.)
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USOE NEF Course Title IT, ESEA

Research Content Dev, and Dem.
1954 $.... $ 1,725 $.00.
1958 35,000
1956 18,000
1957 1,020, 000 650, 140
1958 2, 300, 000 780, 310 .

1859 8,716, 000
1660 10, 359, 000
1661 10,117,750 6,167,740
1962 11,710,000 9,389, 948

1963 14,188,400 12,626,771

18064 19,820,000 14,157,850

1965 37,708,000 14,889,081 .

1068 100,141,241 186,393,383 45, 400,000

,0
1967 §9,600,000 37,000,000 (est.) 81,000,000 (est.)
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mss The Wisconsin Research and

Development Center

for Cognitive Learning

THE AGREEMENT between The Uni-~
versily of Wisconsin and the United States Office of
Education (USOE) eslablishing the Wisconsin Re-
search and Development Center for Cognitive Learn-
ing was signed on August 6, 1964. The high expec-
tations held for the Cenler were expressed by the
principals to lhe signing In a number of ways,

University President Fred Harvey Harrington
remarked that the signing denoted ““... an Impor-
tant day in the history of the University. Thisagree-
ment marks the culmination of years of effort de-
voted to the Improvement of the research capabili-
ties of the School of Education, and opens the way
to slill greater developments.’’

Howard F. Hjel~;, then director of basic re-
search for USO¥, deascribed the agreement as fol-
lowing the new patlern in educaticnal research of
full institutional commitment. He stated: *‘The Unli-
versity bzs pledged itself to fully investigate the
problem of learning and to disseminate reseuarch
findings in a way which will bring about deflnite
changes in school practices, ’’

Hjelm found the University well suited for the
commitment it had accepted. ‘‘The University was
chosen because of the exceptional quality of its edu-
cational researchers, because of its excellent rela-
tionship with Jocal schoolsand with the Stale Depart-
ment of Public Inslruction, and because of the whole-
hearted dedication to the project existing in Madison,

Center Director Herbert J,. Klausmejer stated
the primary focus of the Center: ‘“Research empha-

-

meamma Herbert J, Klausmeier

The Unlversity of Wisconsin
Madison, Wisconsin

ses will be on learning by children and youth In nor-
mal school situations. Especially stressed will be
the learning of concepts and problem-solving tech-
niques in mathematics and olher basic subjects.’’

The Wisconsin R and D Center was established
under provisions of the Cooperative Research Pro-
gram of USOE. In 1964 tiie Cooperative Research
Program included six major areas: 1) basic and
applled research, 2) demonstration, 3) curriculum
improvement, 4) small contract, 5) research and
development cexnters, and 6) developmeatal activi-
tles, Further description of the research and de-
velopmzut centers was glven i OE Publlication
12017, 1863. as follows:

Research and development centers are de-
signed to concentrate human and financial re-
rources on a particular problem area In edu-
cation over an extended period i time in an
attempt to make & significant contribution to-
ward an understanding of, and an improvement
of educational practice In, the problem area.
More specifically, the personnel of a center
will:

i. Conduct basic and applied research studies,
bolh of the laboratory and field type.

2. Conduct development activities designed to
translate systematically research findings
inlo educatlonal malerials or procedures,
and tield test the developed products,

3. Demonsirate and disseminate informalion
about the new programs or procedures
which emerge from the research and devel-
opment efforts. These activities may
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include demonstrations in a natural, or
operatlonal, setting; the preparation of
films, tapes, dicplays, publicatlons, and
lectures; and the participation in symposla
and conferences.

4. Provide ratlonwide leadership in the chosen
problem area.

The preceding ideas about the programmatic re-
wvarch, development, and dissemlination thrust of
an R and D Center in relation to a significant prob-
lem area in education followed loglically from expe-
rience with other programs of the Cooperative Re-
search Program of the Office of Educatfon, thefirst
of which, basic and applied research, started ona
modest scale in 1956. Also, the researchandde-
velopment strategy had demonstrated a high yleld
in selected aspects of industry, agriculture, medi-
cine, and space exploration. A large segmentof the
American public desired improved educational prac-
tices. Relevant USOE, unlversity, and other con-
cerned persons throughout the nation felt thata pro-
gram of research and development centers would
be equally effective in improving educatlon,

An R and D Center, designed to Improve educa-
tional practices through programmatic research
ard development, might be considered as a concept.
As we know, concepts are abstractions of realitles.
A concept is comprised of the attributes, or proper-
tles, of things and events, the attributes belng
joined by rules, or way s of comblning attributes
systematically. An R and D Center then may be
underetood in relation to various attribules and how
they are combined to form a whole. The writer hy-
pothesizes eight crucial attributesof anR and D
Center as follows: problem area, outcomes sought,
research and development program and strategy,
disserination and adoption program and strategy,
staff, administration and management, locus of op~
eration, and source and stability of funding. The
preceding attributes may be consldered asthe major
componants of a system, or instrumentality, de-
signed to achieve certain general objectives implied
by the problem area. Thus, a systems approach [s
properly followed in organizing and managing the
Center operations and programs. The r:mainder of
this chapter is devoted to a discusslonof the var lous
components of the system, their relationshins, and
the outcomes attained thus far by the Cente. staff.

Before further description of the WisconsinR
and D Center, it should be recalled that the Elemen-
tary and Secondary Education Act of 1965 a» noted
by Bright and Gideonse in the previous chapter, pro-
vided for the establishment of regional educational
laboratories and Title Il demonstration and adop~
tion centers in local schools. These two programs
of USOE are much larger than the current R and D
Center Program. As Instrumerntalities for improv-
ing educational practices, the writer hypothesizes
that they, too, can be described and understood in
terms of the preceding efght attributes of a center,
It 18 not the purpose of this chapter, however, to
point to the similarities and differences among the
various research, development, and demonstration
instrumentalities of the USOE but to describe the R
and D Center of Wisconsin as an example of a signi(-
fcant contributor to the extenslon of knowledge about
cognitive learning and the improvement of related

educational practices through researchand devel-
opment,

PROBLEM AREA

The problem area of the Center 18 the improve-
ment of education through a better understanding of
cognlitive learning. The importance of this problem
area may be inferred from flve propositions regard-
Ing learning and instruction.

The tirst proposition s that concepts provide
much of the basic material . thinking, Concepts
possessed by the individua® .:nable him to interpret
the physical and soclal world and to make appropri-
ate responses. Concepts once learned then serve
as symbolic mediators between sensory input and
overt behaviors, Without concepts withwhich to
think, man, llke lower-form animals, would be lim-
ited mainly to dealing with sensorimotor and percep-
tual representations of reallty, closely tied to i m-
mediate sensory experiences.

A second proposlition is that concepts and cogui-
tive skills comprise the major outcomes of learning
in various subject flelds. Sentence, noun group,
and transforms represent four concepts in English
syntax. Set, number, and fractlon represent con-
cepts in mathematice. In order to learn the con-
cepts of a discipline, a student must acquire cogni-
tive skills. In mathematics these sklills are deslg-
nated by such terms as arithmetic comprehension
and problem solving. The identiflcatlonof concepts
and thelr arrangement in a hlerarchical order and
the identification of cognitive skills are principal
concerns of schelars and currjculum vorkers in the
various subject fields.

A third proposition, related to the preceding
ones, i8 that the acquisition of cognitive skilts en-
ables man not only to acquire the knowledge of oth-
ers but also to generate new knowledge., Cognitive
processes, such as cognizing, hypothesizing, and
evaluating information, are learned. These and
other processes, combined with cognitive contents,
are designated cognltive abllities or skills. When
the child has learned the cognitive skills of reading,
he can acquire knowledge in the absence of other per-
sons. Whenhe has mastered mathematical conzepts
and conipuiational skills, he can find solutions to
problems not encountered inthe same form by any
other person.

A fourth proposition is that efficient learning of
concepts and cognitive abilities is related to condi-
tions within the learner ard conditions within the
situation. Two conditions within the learner asso-
clated with efficlency of learning are attention, re-
lated to motivation, and level of cognitive function-

. In school settings, the preceding conditions
related to the student and other conditions relatedto
the content and sequence of instruction, quality and
availability cf equipment and materials, and quality
and methods of instruction are paramount. More ef-
ficlent learning can be attainec through better c on-
trol of these condltions.

A fina) proposition is that knowledge about cogni-
tive learning, concepts, cognitive skitls, and con-
ditions of learning generated by scholars requires
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validation in school settings. Although the study of
cognitive learning is In its infancy, sufficlient knowl-
edge has been generated to develop Instructionalthe-
ory regarding the teaching and learning of concepts.
The validity of the theories must be tested in school
settings. Similarly, Instructional materials for
children and outlines of cuncepts for teachers must
also be tested for usefulness and validity in school
settings.

PROGRAMS, STRATEGIES,
AND OUTCOMES

Strategles best sulted to achieve the Center goals
include the dlfferentiation of the problem area into
reseaich and development programs and other pro-
grams. The three research and development pro-
grams are titied Processes and Conditionsof Learn-
ing, Processes and Programs of Instruction, and
Facilitative Environments; the other programs deal
with Dissemination, Training Activities, and Tech-
nical Support, These programmatic activities are
designed to concentrate and utilize human and mon-
etary resources most elfectively over an extended
period of time. Eachresearch and development
program Is characterized by a sufficiently sharp
focus to assure its identity and by a relatedness of
content and methodotogy that faciiitates the free flow
of information a:nd personnel among programs. Fig-
ure 1 shows the major operation of the Center and
the program components. These operations and
components are now described in some detail, with
attention first directed to the three Rand D pro-
grams and later to the other programs. The objec-
tives of each program are giver. and outcomes at-
tained through 1968 are summarized.

PROGRAM 1 -- CONDITIONS AND PROCESSES OF
LEARNING

To increase our understanding of conditiong and
processes of cognitive learning, basic research is
needed. To test In school settings the knowledge
from basic research, relevant models and systems
must be developed. To meet these requirements,
the research and development aclivities comprising
Program 1 are directed toward: a) generating new
knowledge about concept learning and cognitive skills
by conducting laboratory-ty pe experiments or re-
search within the school setting; b) synthesizing ex-
isting knowledge and developing general taxonomles,
models, or theories of cognitive learning; and c) de-
veloping educational materfals suggested by the pri-
or activities.

Substantive information from the basic studles In
learning {eeds directly into the areaof instructional
improvement, thus providing from the behavioral
sciences a foundation {or the developmentof instruc-
tional programs. Also, methods developed inthe
behavioral sciences are utilized in the researchand
development activities of Program 2, At the saie
time, the behavioral scientist in Program 1, when
dealing withthe learning of content in a subject field,
utilizes personnel from Program 2 and other
sources who are expert in the subject field, familiar
with {nstructionzl processes, or both

Basic research in cognitive learning has been
conducted by the Certer staff and reported rcgard-
ing concept léarning, creativity, prereading skills,

rule learning, the shaping of coriplex human behav-
lor, group pressures on indlvidual performance,and
the transm!ssion propertles of various media. Rel-
evant results from these studies have gone into the
development of instructional programs. Inaddition,
a system of motivation was formulated and put into
operation in selected elementary schoois during
1967-68. Creativity training materials and proce-
dures were prepared and recelved initial testing in
selected schools in 1967-68. Procedures for teach-
ing severely retarded readers were developed and
field tested, starting in 1965, and were used opera-
tionally in selected schools in 1967-68, Otherbasic
research dealing with concept learning and cognitive
sxilis I8 continuing and is being applled to improve-
ment of instructional programs in aritlimetic, Eng-
lish, reading, and science,

PROGRAM 2 -- PROCESSES AND PROGRAMS OF
INSTRUCTION

What is an appropriate unit to deal with when at-
tempting to improve instruction, or stated dlffer-
ently, to achieve greater efficiency of student learn-
ing? The Center staff and school people decided that
it is each building or an integrated set of bulldings
which the same chiidren attend rather than individual
children, separate classrooms within a building, or
all the buildings of a local school system. Within
each bullding, the {nstructioral and other staff must
deal with all the components cf an instructional sys-
tem. Similarly, the R and D staff, particularly
those in Program 2, are concerned withallthe com-
ponents of an entire instructional system, although
they may give much more time and effort to devel-
oping and testing one component rather than to
another. Figure 2 outlines the major componentsof
a total instructional system that are relevant to
a school building. The order {rom top to bottom
aleo indicates the general sequence inwhich the
staff of the R and D Center and schoois move in de-
veloping a prototyple system, such as In reading,
mathematics, science, and English., Varfiables us-
sociated with each component requlreresearch.
Thus, research on instructional processes and the
development of instructional programs are essential
in this program. The specific objectives of Pro-
gram 2 are: a) to establish a ratlonale and strategy
for developing instructional systems inthe cognitive
doniain; b) to identlly by careful syathesis and
further research sequences of concepts andcogni-
tive skills within and across disciplines; c¢) to devel-
op assessment procedures and materialsfor the con-
cepts and skills identified above; d) to identlfy exist-
ing materialsor developnew instructional materials
£ asociated with the concepts and cognitive skilis;and
€) to generate new knowledge through researchabout
instructional procedures including motivatlon, indi-
vidualization, classroom managemeént, and organi-
zation of instruction.

Executing the activities of this program requires
specialists in a subject field, {n instructional meth-
ods, or both, with assistance from behavioral sc{-
entists and communication experts. Each project
in this program has at least one staff member whose
speclality is cognitive learning. In addition, the
program utilizes the many resources outside the
Center including the University educational TV sta-
tion (WHA-~TV) and Educational Testing Service.
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Figure 1: Major operatlons and components of the Wisconsin R and D Center for Cognitive Learning
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The largest instructfonal program developed by
the Center staff through 1968 was Patterns in Arith-
metle, a program comprised of TV video tapes, stu-
dent lessons, and teacher notes. It is designed as
a complete program of materlals for children and
also for simultaneous In-service education of teach-
ers. As of 1967-68 the materlals for Grades 1-4
had been developed and inltially tested and were un-
dergoing further fleld testing in many schools of
Alabama and Wisconsin. The program for Grade 5
was being completed. The development of a proto-
{yplc instructional program, not using TV proce-
dures and materfals, dealing with concepts in math-
ematics, Kindergarten-Grade 8, was started in
1987- 68,

Fundamental research was conducted and re-
ported on the learning and teaching of reading,1866-
68, and (s continuing. An oulline of major content,
behavioral objectives, and related appraisal proce-
dures was developed, Kindergarten-Grade 6, and
relevant instructional materials and procedures
were identifled. The entire prototyplc instructional
system was plloted in selected elementary schools,
1967-68, as cooperative school and Center activi-
ties, with substantial support of ESEA Title Il and
Title I funds.

An outline of concepis relited to the particle na-
ture of matter and environmeatal conservation, ap~
propriate for the elementary-school science gro-
gram, was developed, 1065-68, Research on in-
structional methods was reported and other research
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i{s continulng. Preliminary instructional materials
and methods appropriate to the concepts were devel-
oped during 1967-68 and inltlally tested. Relatedre-
search and the development of scientific equlpment
and materfals {s continuing.

A prototyple program of instructlon la English in
the junlor high'school was under development, start-
ing In 1966. An outline of selected concepts of Eng-
lish syntax and a related set of programmed instruc-
tional materials to teach the basic concepts werede-
veloped and field tested during 1966-67. Further
tes’ ing of the programmed materfal, and implemen-
tation of the entire curriculum, was started Inselec-
ted junior high schools during the 1967-68 sc hool
year and is continuing. Basic research on proces-
ses and conditions of learning 1s continuing,

An outline of concepts In verbal argument wasde-
veloped, 1965-67, and related testsof critical think-
ing were also developed and initially validated. Pro-
grammed material was prepared during 1967-68 to
teach these concepts. Further research on the pro-
gram and validation of the tests continued, 1267-68.

Two other sets of activities have high priority
for fnitlatfon fn subsequent years. Research and re-
lated development regarding social studies in the
elementary school are projected. Greatly Increased
use of the compuler in research and In the manage-
ment of individually gulded education 1s the second
fleld to be givin Increased emphasis.
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Figure 2: Mzjor components of an Instructional system

Students with entering behaviors <

Measurement Tools and Evaluation

and characteristlcs

v

Procedures

Instructlonal System Components

An outline of content--cognitlve, psychomoter, affective--
to be learned.

A statement of related behavioral objectives, or desired
terminal behaviors of students, related to the content.

Instructional materfals, media, and consumablie supplles
to be used.

Student activities--one-to-one, smalil group, class-size
group, and Independent study to achieve the objectives.

Teacher activities--organization and direction of student
learning activities, counseling and guiding students,
classroom management, other functions.

Procedures for placement and management of students.

Organlzation for instruction--nongraded units.

Procedures for scheduling flexible use of time, space,
and equipment.

Gther: In school--other educational personnel.
Qut-of - school--home, nelghborhood.

To assess student’s
prior achievements
or readiness to en-
gage in specific ele-
ments of the program.

To ascertain student’s
intellectual abllities
and other characteristics.

To measure and evaluate
student’s progress
during short and long
Intervals.

|

) v

To evaluate the separate
components and the total

Students with terminal behaviors
and characteristics

PROGRAM 3 -« FACILITATIVE ENVIRONMENTS

Achleving Improved educational practices re-
quires {acilitative environments in selected local
school buildings, in total school systems, and among
varjous agencies, Thus, the research and develop-
ment activities within this program are deslgned a)
to develop and test new organizations and relation-
ships among staff that facilitate research and devel-
opment activities on cognitive learning in schools,
and b) to develop and test the effectiveness of the
means whereby schools select, introduce, and utl-
lize the results of research and development. The
same schools that facilitate student learning also
serve as demonstration centers for entlre school
systems and the R and D Center.

In seven school systems of Wisconsinenviron-
ments were established, 1965-68, decigned to facil-
itate the research ard development activities of the
Center and the learning of children througha system

system.

of fndividually gulded education. Anew organization
for Instruction that replacesthe self-containedclass-
room by instruction and research units and an in-
structional decision-making committee [s an Integral
component of the facilitative environment of the Mul-
tiunit School. The organization is shown in Figure
3. The characteristics of Individually gulded educa-
tion and of the organization which facilitates its ex-
ecution merit further attenticn.

The Multiunit Scheol organization includes botha
formal organizational structure and a procedural
style consisting of seveial essential components as
shown In Figure 3, The organizational nierarchy of
the Multiunit School consists of groups at three dis-
tinct levels of operation.

At the classroom level are the Instructional and
Research (I and R) units. EachlIand Runit hasa
unit leader or professional teacher, twoor more
regular staff teachers, one or more aldes cr secre-
tarles, and in some cases an intern. The number
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Flgure 3: Organlzational chart of a multiunit school of 600 students

Representative
Teachers

Principals of
Other Schools

|
] Central Office
| Personnel |
I

N

Representative N Other
Unit Leaders Principal dl Consultants
P SN AR
IMC _ " External
Director o e Corsultants

Unit Lezder A

Unit Leader B

Unit Leader C

Unit Leader D

150 Students
Ages 4 ~ 6

150 Students
Ages 6 -~ 9

150 Students
Ages B - 11

5 Teachers S Teacheis S Teachers S Teachers
Teacher Alde Teacher Aide Teacher Alde Teacher Aide
Instructional Instructional Instructional Instructional

Secretary Secretary Secretary Secretary
Intern Intern Intern Intern

150 Students
Ages 10 - 12

Unit A

Unit B

Unit C

Unit D

memsse Building Instructional Improvement Committee

- o e System-Wide Policy Committee

of instructional staff varies with the size of the unit.
The Intern assumes Instructional responsibilitles
and does not perform routine and cleric2l duties.
Each unit [s charged with planning and conducting
the total school experience of about 150 students in
the prototype shown in Figure 3.

At a second level of organization, the principal
and the unlt leaders constitute the permanent Instruc-
tional Improvement Committee of the bullding. The
principal chalrs the group, which meeéts weekly,
more often Uf necessary. This committee maybring
in consultants from the central office, the state ed-
ucation agency, or other agencies. Instructional de-
clsions made by the committee are executed in the
units.

At the third organizational level is the Syste m-
wide Policy Committee. Chairedby the superintend-
ent or his designee, this comn:ittee includes repre-
seantative principals, unit leaders, teachers, consult-
ants, and other relevant central office staff. The
pereonnel of this Committee have the capabilities
and speciatization necegsary to 18sist the staff of the
Multiunit School. The Commitiee meets les s fre-
quently than efther of the other groups, tut its oper-
ation 18 one key to the success of the Multiunit
School.

The organizational pattern of the Multiunit School
thus differs from that of the traditional, self - con-

tained classroom school in several ways. First,in
the Multiunlt School personnel work in unitsor com-
mittees, rather than in isolation as Is the case In
the traditional school. Second, three newrolesare
added: unit leader, teacher alde, and Instructional
secretary. Finally, the addition of new roles and
the use of personnel In groups rather than alone re-
sults in considerable redefinition of the familiar
roles of principal, teacher, and consultant.

In individually gulded education in the Multiunit
School, the Instructional Improvement Committee
determines the objectives for the particular school
building, taking into account system-wide and state
regulations. These are broad institutional objec -
tives for the school bullding. The staff of each non-
graded Instruction and Research Unit, the replace-
ment for the graded homeroom or self - contained
classroom, then decides the objectives for each
child in the unit. While the unit leader takes the
initiative here, each unit teacher also participates.
Assessment of the child’s characterlstics isthrough
observation and by means of locally constructed and
standardized instruments of various types. On the
basis of the assessment each child is then placedin
one-to-one, small group, class-size group,and unit-
slze group activities, Insiructlonemploying tu-
torizl work and coniputer-assisted instruction are
examples of one-to-one activities, Activities in
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small groups of two to fifteen are organized to at-
taln soclalizing and alsoe skill objectives. Inconnec-
tion with sklll objectives, 150 childrenin a unit
might be placed In fifteen small groups for most of
their mathematlcs Instruction and thenregrouped in
another {ifteen groups for part of thelr reading in-
struction, Class-size or homercom aclivitlesare
used for achleving any objective where heterogene-
Ity is desired. Large unit groups of 40 to 150 are
formed malnly for giving information to the total
group or for independent study. The information is
glven by a teacher, television, sound motlon picture,
or by other means. Some music and physical edu-
catlon actlvitles are conducted in groups larger than
the usual class size. Independent study ls carrled
out in small groups, class-size groups, and large

groups.

During 1967-68 approximately 4, 600 students In
the elementary school, 1,600 inthe junior high
school, and 400 in the senlor high school were en-
rolled In R and I Units in Wisconsin schools.. In
these schools, children, educatlonhal practitioners,
behavioral scientists, aud other staff members of
the Center are brought together in a close working
relatlonship. Thus the selected schools of Wiscon-
sin providing the facilltatlve environment comprise
a primary link between improved school practices
and Center research and development.

DISSEMINATION

The R and D Center |s committed to disseminate
the products of its research and development actlv-
itles to appropriate personnel by various mediu
and also to install them in selected schools where
others may directly observe the related educational
practices. So that the Center may fulfiil its obliga-
tion of improving educational practice natlonaily, co-
operatlon with personnel in key organizations of the
state and natlon is essentlal. An Internal informa-
tion section and an external network Involving the
Center and other agencies were established, start-
Ing in 1964, and are being extended inorder a) to
transmit information directly to scholars andothers
through Center supported publications, conferences,
etc. ; b) to communicate information to personnel of
selected school systems and school-related educa-
tional agencies regarding {he outcomes of the Cen-
ter’s programs as they become ready for disseml|-
nation and school use; ¢) to distribute knowledge re-
garding cognitive learning and products to agencies
that function as linking mechanisms with schools;
and d) to receive from the other agencies in the net-
work information that may be used to improve the
Center’s products and operations.

Reports of research and descriptions of develop-
mental activitles are disseminated through varioue
publications. Inaddition, allinstructional programs
and procedures produced and tested by the Center
may be observed Ln selected schools, TheCenter is
working with other agencles to assure statewide and
national dissemination and adoption of Center prod-
ucts. The State Department of Public Instruction of
Wisconsin, regional educational laboratories, Title
I and Title I programs of ESEA, local schools of
Wisconsin and other states, agencies of The Unlver-
sity of Wisconsin, and the private sector are all in-
volved in the dissemlination network.

Tlie Center’s publication prograr carriad out by
the Office ot Informatlon Services has four major
components — Techri{cal Reports, Theoretical Papers,
Working Papers, a Newsletter, and books. Tcchnl-
cal reports describe the rationale, methods, and re-
sults of original ~esearch conductedby Center staff.
Research reviews, siatemeuts of theoretical posi-
tion, and descriptions ar rotionale for project de-
velopment are the ccitent o theoretical papers. The
theoretical papers are formel documents that, llke
technical reports, maybe classifled as monographs.
Practical pape-s contain infor matlion of immedlate
significance to educational practitionersinestablish-
ing or extending instructional programs - guidelines
for beginning new programs, outlines and specific
procedures for lustruction, evaluatlon summaries
and procedures, and progress reports of projects
conducted in the schools. Working papers present
plans and procedures for initlating and executing re-
search and development activities.

Analyses of Concept Learning edited by Herbert
J. Klausmeler and Chester W. Harris and the pres-

entbook are collections of papers readand discussed
at the Center. The first, from a conference of the
same title, was published by Academic Press in the
fall of 1866. The second, from the Center colloqui-
um series, was published by Dembar Educational
Research Services {n 1068.

TRAINING ACTIVITIES

Three conditions indicate the need for a high
priority to be given to the traiiing of personnel in
educational research and development {n the R and
D Center. First, the nation needs a large number
of able persons in educational researchanddevelop-
ment. The many new programs under the ESEA of
1865 and others originating In the various states and
local school systems require research and develop-
ment personnel as well as knowledge and solutions

to many educational problems. Second, The Unlver-
8ity of Wisconsin has both atradition and the re-
sources to contribute t¢ the training of educat{onal

researchers, particularly beyond the baccalaureate.

The University has stronggraduate programs
through which students acquire knowledge and skills
essential for educational research. Third, the R
and D Center at Wisconsin 1a the largest agency in

the Midwest with educational research and develop-
ment as its primary functlon.

The informal training of educational researchers
and developers to supplement the formal programs
in the various instructional departments and col-
leges, has been a signiticant contribution of the Cen-
ter to improving education through research and de-
velopment. For example, during 1966-67, infor mal
training was provided for four postdoctoralfellows,
sixty-three graduate students employed part time
by the Center, ten ESEA Title IV doctoral fellows,
ten NSF fellows, {ive NDEA fellows, several Univer-
sity fellows, and forty-two learning specialists em-
ployed by the public schools. Twenty-elght persons
affiliated with the Center were awarded PhD's by
the end of 19€7 and are locaied throughcut the coun-
try ina variety of leadership positions, A large group
of personshasbeen awarded the Master's degree also.
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TECHNICAL SUPPORT

The primary components of the Technical Section
are a measurement and design group; production
speclalists; and computer experts. The design
group provid2s assistance to theresearch personnel
on mutters of research deslgn and evaluation.
Equally important, this group is continuously devel-
oping new designs to meet the needs of the Center
and retining statistical procedures for the analysis
of dala. A measurement expetl provid»s assistance
on problems of measurement and develops more ef -
{icient measurement tools and procedures. Comput-
er specialists coordinate data analysis, from the
conversion of raw data to computer compatibleform
through the presentatioa of the processed data in
tablz s and graphs, and assist inthe appllication
of computer technology to educational research and
development. A curriculum specialist assists the
staff in identilying and using appeopriate reference
malterials and In the production of graphical mateel-
als. Production experts arsistwiththe development
of instructionai, eaperimental, and informative ma-
terials In the various media.

STAFF

Executlon of the Center programs tequires
propee Interdisciplinary staffing. This Center sub-
scrioea to the philosophy that the most productive
research and the development of effective Instruc-
tional rystems will derive fromteams composed
primarily of behavioral scientists, subject- matter
speclalists, and experts in curriculum andother
areas closely related to educational practice, The
behavioral scientist eontributes hia research skills
and knowledge of fundamental processes in cognitive
learning; the subject- matter speclalist provides
knowledge of the sulject field; the experts incurtkc
ulum and other fields ¢ ontrfbute knowledge about
methodology and other relevaat instructional varia-
bles.

Studies of cognitive learning, included tn Pro-
gram |, are hraced by behavioral scientlists con-
cerned primatrily with synthealzing and advancing
tnowledge in this area. The other experts conteh-
ute o these studiea as team members when cogni-
tive processes related o spectic sudject conten,
are stndled. in Program 2 in which processesof In-
stroction are studled ard instruclional programa
are developed, the profe.ls are headed by sudject-
matter or curriculum speclal'sta concerned with de-
veloping an instructional syccem (2 a sutject area,
howerer, 2 behavioral scientist 1s a mesber of the
team. Experts ia school organization and the socl-
ology of groups are Involved with cther staff in the
development and maincenance of the factlitative en-
vironments, Progzam 3. Communication special-
Ists carry oul the dissemination program.

This mutually beneficial involvement of the ataff
has teo nateral consequences, First, the basle
stodies Ia learning are conterned wilh developing
knowledge that is relevent to educational peattices.
Second, the studies of Instrectional processes and
the instruectional products that are developed in Pro-
gram ? have 2 scond foundation In the behavioral set-
ences and the sobject discipiings.

In addition to the Center staff, many outstanding
interdisciplinary groups are avatlable withinthe Unl-
versity for cooperative planning and execution of ac-
tivities. Personnel from three of the outslandingac-
{lvities in The University of Wisconsin atre continu-
ously engaged in consultation and team work with
the Center staff: WHA-TV, a foremost producer of
educational TV proge? ms in the nation; the Survey
Research Laboratory, 1 large and distinguished in-
terdisciplinary survey team; and the ComputingCen-
ter, one of the best In the nation. Thus, theWiscon-
#in R and D Cenler does not tequire a large perma-
nent staff in each of these areas of specialty, Rather,
programs and aclivities are planned and executed
cooperatively as part of the total University of Wis-
consin conlribution to improvement of educatlon
through tesearch and dz2velopment. Other relevant
interdisciplinary centers and laboratories atihe Unt-
versily include the Center for Demographyand Ecol-
ogy, ¥ sCummunicalions Research Center,and a
Socla system Research Institute.

Twenty-two persons of professorial rank were af-
tiliated with the Center, 1967-68. The departments
In which they held rank included Computer Sclence,
Curriculum and Instruction, Educational Administra-
tion, Educational Policy Studies, Educational Psy-
caology, English, Psychology, Soctology, and
Speech, Some professors held rank in two depart-
ments.

ADMINISTRATION

Administratively, the Center 18 located inthe Uni-
versity's School of Education but draws upon the en-
tire University for human and ¢ther resources. The
working telationship between the Center and the Uni-
versily 18 manifested in thres ways: professors in
various University depariments are membersof the
Center’s Facuily; both the Dean of Education and the
Chancellor of the University are involved in review-
ing the Uenter’s activities; and University officlals
serve on the Center’s Executive Commiittee, the
Policy Reviaw Board, and the Advisory Council,
Figure 4 outlines the administratfon and manage-
ment of the Center.

The Center Direclor is responsible for planning
the total Center program and its broad stretegles.
A director of the resesrch and ‘Mexelopment pto-
grams, adirecor of disseminat o:, a director of
operations And business, and a director of a technl-
¢al section, with the Center Director, comprise a

Manage ment Council,

The Executive Committee 1nakes recommenda-
tions regarding policiea, programs, and budgel. R
conslsts of the Center Director, whols also the
chairman, e 22 members elecied by the Principal
Investigators, and three members apgointed by the
Dean of the School of Educalion.

A Fasully of Principal Investigetots, consisting
of professots invarfous Unlversily departments,
participete In the Center's ptogt am development,
and they plan and execute the Center’s projecia.

The Policy Review Board brings the necessary
Unirersity 1encurces to bear wpon the problems
which the Center {8 interested Insolving, The




Q

ERIC

Aruitoxt provided by Eic:

154 RESEARCTH AND DEVELOPMFNT TOWARD THE IMPP™EMENT OF EDUCATION

Figure 4: Wisconsin Research and Development Center for Cognitive Learaing organization chart
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Board {8 composed of represertatives from the of-
fice of the Chancellor of the Madison Campus; tue
deans of the School of Education and the College of
Letiers and Sclence; the Director of the Wisconsin
Improvement Program; the Superintendent of State
Department of Public Instruction; 8 member uf the
Wisconsin Coordinating Committee for Higher Edu-
caljon; the Executive Secretaryof the Wisconsin E4-
uestion Association; three departmental ¢halrmenof
the College of Lelters and Sclence and the School of
Educalion; tnd the Center Director. The Board an-
maally reviewa the Center's mission, organitation,
programs and stafiing; tecommends overalipolicies;
suggests funding levele,

A National Evaluation Committee conlers annual-
Iy wiih Ceoler personnel on the Center's progress.
The Committee consists of nine indlviduals of nation-
al regotation interested in the problem area of the
Center and committed to the Improvement of edaca-
tion through research and Jdevelopment activities.

The Center Mﬂaor* Comncil, composed of of!i-
cers of the University a representative of the
Wisconsin School Board Assacistion, meels onte &
year to analyre the Cenler’s progress and to advise
on matters Ia need of attention. Individuals of slix-
tees achool systems, incloding public and parochial
achools and a technical institute, are incloded.

10CUS OF OPERATION

Because the R and D Center I8 effectively inte-
grated into the Universily complex, doth on an ad-
ministrative and disciplinary level, it isnatural
that the Center progeam Incorporstes thy phllosophy
of The University of Wisconsinregarding the im-
provement of soclety through research, develop-
ment, and tralning. %his phllosophy s best ex-
pressed In a widely quoted statement:

Whatever tmay be the limitations whieh
trammel inquiry elsewhere, we believe that
the great state University of Wizoonsin should
ever encontage that cortinual and fearless
sifting ard winnowing by which slone the trwth
ean be found. (Taken from a report of the
Board of Regenta in 1894.)

President Rareington has from ihe beginning im-
plied the extension of these contepls to educational
research through the R and D Center, and he contin-
weg to give generocusly of his time to assiat the Cen-
ter in schieving (8 goals, and to assture 8 climate
i which the Center may operste more effectively.

The Msdison Ct npus of The Universy of Wis-
consin s the foremost research agency In the state
and is among the leadisg research-oriented wniver-
sities in the world. The commitment to educational
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tesearch is subslantia) as may be inferred from a
statement by then Chancellor Robben Fleming on
July 1, 1965:

With s¢ + ach emphasis on education in to-
day’s wor.+ .t would be easy to drift along the
well-marsed paths of Lhe past. The strength
of our School of Education Vies in its restieas
innovation. In cooperation with the schools of
the state, it is forever trylng new ways to Im-
prove the primary and secordary schools, In
residence its curriculum is marked by snun-
ususl degree of cross-fertilization, and by an
interdiscipiinary faculty. ftsresearch (e
probung the frontiers of the learning process,
ssking, in effect, whether we are on tie right
path to begin with.

tmplementation of the philosophy implied In the
preceding sltatements as spplied to the RandD Cen-
ter has been demonatrated in two notable ways,
First, the Policy Review Board of the Center, the
most powerful governing agency of the R and D Cen-
ter, I8 chalred by James Cleary, Vice-Chancellor
of Academic Affsirs. This Board reviews the pro-
gram of the Center and lakes mzjor responsibility
for assuring adequate staffing of the Center in light
ol its program. The second exsmple of implemen-
tstion Is that the actaal state support, hat an indi-
rect contribution, to the Center has incressed from
spproximately $10, 000 in 1665-68 10 $) 08, 000 in
1967-68. This state contrlbution is used simost to-
tally to pay the sslaries of principal investigstorsof
the Center ~ professors who hold sppoint ments Insn
scademic department of the University andsrebudg-
eted [ifty percent or more In the Center,

The School of Education is committed to the phi-
losophy that the continuous improvement of public
echool education requires unceasing research and
related actlvitles. Dean McCarty, shortly after ar-
rival at the University in 1966, indicsted that the
R and D concept is the most signilicant educational
innovation in recent decades and tistall forms of
worthy educationsl research merit support. Three
of many poseible exsmples point tc the high priorl-
ties given to educaticnal research and relsted activ-
itiea sl The University of Wisconsin, Flrst,
$4,024, 208 was expended oneducstional re-
search and program experimentation in 1965 thr ough
the School of Education. The four sources ot the
suppott were Federal agencles, the Ssteof Wiscon-
sin, private organizations, and local school systems.
Second, in the first seven years of the Cocperstive
Research Program of USOE, the University wss
awarded grants for thirty-three projects. Third,
the smount of state support for resesrch to the
Schoot of Education incressed from $294, 883 ¢n
1964-65 to $804, 976 in 1966-87.

The interdisciplinary nature of the School of Ed-
ocation {3 & major factor in the eminenceof the Uni-

versity in educational resesrchand related sctivities,

In 1965 the membership in the School of Edwecation
was 1,075 professorsirora seventy-twodepartments
of the University. Graduate work In preparing edu-
cational researchers 18 interdisciplinary. Profes-
sors in many depariments of the University offer
cocrses taken by graduate stodems purseling pro-

grams to prepare for educational research. l'urther,
many PhD candidates {n the various departments of
the School of Education pursue minors indepart-
ments of the College of Letters and Sclence while
many PhD candidates In Letters and Sclence pursue
minors in departments of the School of Education.

SOURCE AND STABILITY
OF FUNDING

Any organization requiree stable funding over »
period of years in order to secure excellent staff at
reasonable salary levels. Stabllity of funding was
an important consideration in starting the Center.
This Center, in line with the general USOE policy,
was awarded a 5-year grant, starting September 1,
1964, by the USOE with three impotrtant provisions:
First, that the contract would be amended snnually;
second, that, U for any reason, itbecamenecessary
to discontinue the Center the phasing out process
would be sccomplished over a period of time mutually
satisfactory to The University of Wisconsln snd
USOE; and third, in the fourth year, the schieve-
ments and op:rations of the Center woald be evalu-
sted comprehonsively In order to srrive at a deci-
sion regarding 8 second S-year period, The Center
was swarded hpproximately $500,000 for the ffr st
year of operation. Each amended contractfor the
next three years showed a modest Increase in the
level of support,

The second source of support s the State of Wis+
consii through The University of Wisconsin. Ar
noted esrlier, some monies sre made directly svall-
able to the Center. This I8, however, nol the main
University suppott. The largest support lies In the
availability of personnel to the Center - administra-
tors, peofessors, graduate students, and classified
personael = and 8180 other personnel in specialized
flelds such a8 computer science, opinlon sutvey,
TV production, snd equipment development. The
University also has leased a facllity snd provides
the many services that sre necessary o make an
operation furction well.

Although not s dtrect source ¢f tunds to supptt
Center sctivities, the stalf of four Jocal scheol sye-
tems, particulsrly the subject- matter consultants,
the bullding principals, and unit leaders, glve con-
siderable time to refining the concest of Individually
guided education In multlunit achoole. Also, ldeas
and innovstions of the local sciools and the R and D
Center are demonstrated through Title 11l projects
in locst schools. The RNate Department of Public In-
stroction is the peinctpal disseminster f Rand D
fieM-tested idcas and materlals in Wisconsin,

CONCLIOMNG STATEMENT

The preceding description of the Wisconsin Re-
search and Development Center for Cogritive Learn~
ing was written late in the third year of the Center’s
existente. R is anticipated that there will pol be
sharp changes daring the next decade tasny of the
eig major components: prodlem ares, outcomes
sought, resesrch and development programs and
strategies, dissemination program and sirategics,
pettera of stafling, pattern of admirisirstion and
management, loccs of operstions, and source and
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stability of funding. Though sharp changes are not
expected, continuous Improvement insll ol these
areas is encouraged. Annually the Executive Com-
miltee of the Center evslvates cach progrsm and
project and the related strategies. The Nationsl
Evsluation Committee gives purticular sttention to
the signiiicance of the problems being attacked and
the sdequacy of the strategies being employed. The
Univeraity Policy Revlew Board examines a1l ele-
ments of the Center sctivities but gives particular st-
tention to proper stalfing. Fleld visitors sppointed
by USOE officlals, and USOE oificials slso evaluste
sll components of the Center. University officials
as individusls, consultants invited by the Center
staff, and school people provide evalustive informa-
flon. The information from sll sources is carefully
anslyeed by all the Center s.alf, but particularly by
the Exccutive Committe:, Management Council, snd
Director. Annually, the Informstion is formally put

into program plans for the ensuing year, Changes
are slso made a8 essential at any time during the
year. When sny element does nct function properly
or produce at s reasonsbly high level, it is modified.
The Center now demonstrates higher productivity
and more sophisticated strategies than s year sgo,
Its Improvement mechanisms are designed to sccel-
'rate these trends.

$00THOLE

1. Miss Elizabeth Schwenn, Project Assistant, 8s-
sicted in editing this chapter. The Executlve
Committee and Management Councilof theCen-
ter contributed to the program description of
(ke Center and the various faculty and thelr
research and development staff are responsi-
ble for the results ss reported herein.
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mmem An Qutput-Oriented Model
of Research and Develop-
ment and Its Relationship
to Educational Improvement

FOR SEVERAL months1have{ollowed
the pages of Sclence sttending o the continuing dis-
cussions of research and science policy, generally
concerning mysell with the degree to which the gol-
Ky questions which arise in educations] research
and development ¢sn, must, or ought tobecon-
sidered ss 2 subsel of those whicharisefor sclence
as 2 whole. Thus it has been with no small degree
of interest thal I have read the articles prepared by
Philip Handler (1987), George Dantels (1987), Har-
vey Brooks (1967}, Lee DuBridge (1967), and Mi-
chael Reagan (1967).

Coincidental to this continuing dislogue 1 hsve
beenfor the past P years engaged Ins general ef-
fort to improve the quatity, effectiveness, and im-
pact of the tolal research effort in educatlion. No
smail part of that lime has been spent grappiing (n
peactice with many of the same kinds of issues o8
receive explication in the artkles ¢ied above, For
some months [ have beeq thinking adout research
and development in educstion trying todevelop a
model which would expeess the dilferent functions
within the total research effort, the varicus sources
of Initistive for these different kindsof sctivity, and
the relationships smong both the functions and the
sources of Inftiative. My thinking has, of course,
been la no emall measure stimulsted by recent de-
bate about the ways in wikh schools, instrection,
and educstion are likely to be improved most Qakk-
Iy and with the most substantial cummlstiveand b t-

Ing tmpact.

Revlewing the severs] stslements cited sbove In
terms of their gevers) vsefulness for spotiighting

'

Hendrik D. Gideonse
United States Office of Edutation
Washington, D. C.

and ¢larifying anslogous problems in the fleld of ed-
vcstions] research revesled the particular vshue of
Reagan‘s anslysis as a summary of points of view
already sdvanced ard 88 an Wentilicstion of the gen-
erslly Urdividualistic starting point of meny of the
theoreticians of science and research policy. The
model presented in this article constitutes, 1 think,
an Instance of exsctly that for which Reagan ¢sited
(1967), nsmely, s discussion of research snd devel-
opment 88 seen and understood from the polnt of
view of someone who sees himself 8 8 8 sponsor of
user of research snd developmenttoachievecertaln
broad putposes in 8 particelar fleld of buman activ-
tty. 1t wss not developed directly Inresponae to
Reagsn's suggestion; In facl, it was only after s col-
teague tecalled his article with apec¥ic reference
to the simllarity of view on the research and devel-
opment distinction that [ realited how tlotely what

1 had fot mulsted came to responding to Resgsn's
suggestion for more dialogue on the psrt of users
ol research to more adequately balance that which
had been genersted by the performers,

The Cuba-Clark Model

Typically, the context for the debate sbowut re-
search and development foe educationis s discussion
of the change process in adacstion. Variovs madels
of chunge have been proposed. The one whikh seems
to have the highest degree of currency in edutstion
81 the moment places research, development, sad
disseminstics n s linest arrangement beginning on
the left with inquiry (research)and proceeding to the
right through development, diffusion, and adoption
(se2 Figure 1). In proposing the model Egon Goba
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snd David Clark (1965) called three caveals to stlen-
tion. First, they noted that the model wss construc-
ted on logics! grounds and that it was largely unsup-
ported by empirical research, Secord, they polnted
out that it was not necessary for change to begin st
the research or Inquiry stage. Third, they noted
thai the model itself was s uni-dimensional analysis
of change roles which are influenced by a multi-di-
mansiona) range of varlables not entirely accommo-
dated by the modal's structure,

As 8 model of the change process, this particu-
lar schema is simple and logicsl. However, those
of us who have worked Intensely on problems of re-
search policy in education see some shortcomings.
The Guba-Clark model does not emphsslize sul-
ficiently within its structure thattnitiative for action
of quite different kinds can take place st any point
{n their continuum. Becsuse of ita linesr nalure,
and despite the second cavesl mentioned above, Lhe
model unwittingly implies that innovstionsbegin with
the findings genersted by fundaments] research.

The Output Model

The purpose of developing an alternstive model
is to create s heurlstic which a) fllusirstes the es-
sentls) diferences Letween research and develop-
ment aclivities and b) shows how the two are -~ or
can be ~ related to one another and L0 the operating
educstions] system. Suchs modeloughtto illustrs'e
the different sources of Initistive snd motivstiontor
beginning various sctivities, R should be sble to
show or imply the Inter play smong sll the funciions
in the effort to Impeore Instruction.

The model developed is based on the conviction
that research, development, and school operstions
are different kinds of sctivities with quite ¢ifferert
objectives or outputs. R Indicstes that Initistives
for each kind of sctivity sre the resultsof decisions
based on quite different kinds of dats and equally di-
ferent kinds of internal and extecnsineeds. The
model implies that while there may be a strong log-
ical tlow from the production of knowledge through
the development of processes to their installation in
operstionsl settings, there may be just as strong s
flow backwatds ss opersijonal prodblems deflne de-
velopment programs, which, Inturn, reveal the
need for certain basic infof mstion and theoty.

Figure 2 expresses the model. Three planesare
shown, each symbollring the different ot lentation of
activities conducted ander retesrch, development,
and achool operstions. (The model is - as are sll
models ~ an adstraction from reslity. Inthe res)
wotrld Lhese aclivities are not always nestly seps-
rated either In time or location. The point of con-
cepluslly - and therefore graphically - separsting
them betre s to illustrate the essentially different
otlentstions of the three types of sctivity and the
consequences of those differences.) For each ac-
tivity represented in Figure 2, the model depicts an
inftlstive leading 1o an Outpot characteristic of that
actiriy.

The lower plane symbolizes (he knowledge otien-
tation of recearch. The object ot researeh tsto
generste new knowledge. One of the significant fes-
tures of research is that whea sn activity 18 begun

the specific oulcome is not known. For research,
C repcesents an Initistive undertaken which culmi-
nates in s research finding represented by Fe.

The middle plane symbollzes what I call the proc-
ess orlentation of development. The objectof devel-
opment is to produce materjale, technigues, proces-
ses, hardware, snd organizational formstsfor in-
struction which accomplish certain pre -specified
objectives construed to be part of the broader gosls
of educstion. One of the signficant features of de-
velopment is that when an sctivity Is begun, the ob-
jective is known or established st the outset. The
objectives for 8 development project are cast in the
form of performance specificstions (PS), and sll sc-
tivities are geared to pcoducing the necessary prod-
ucts and processes which will meet those specifics-
tlons. In Flgure 2, B indicates an initistive under-
taken for development culminating (n the creation of
s process which meets performance specificstions

The top plane symbolizes the sctivities character-
Istlc of school operations. The operating educstion-
sl system is production oriented. Thus, the object
of school operstions Is to act upon human belngs (n
order o train and develop in them various skills,
sttitudes, beliefs, and krowledge cakulstedtoserve
both society and themselves, Certsinly one of the
significant features of initistives in school operstions

Figure 2, An oviput model of educstionsl research
and development

I
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1a the weight of the tesponsibility on the school ad-
ministrator for choosing the right kinds of proces-
ses to achieve the oulputs that sotiety and indlvidu-
als speclly. In Figure 2, A represents an infliative
to Instsll a process leading to the production of ed-
ucation output EO,.

A “‘Wsk-Through'' of the Model

To tlustrate the relationships among the three
types of activities, consider the following example,
A responsible school ofticial, taced with evidence
that certain oulputs desired ty the soclety arenot
being achleved for a signtficant portion of the chil-
dren In his charge, searches other school operations
and ongolng or completed development projects for
processes designed 10 meet his need, Should helind
nothing to sult his particular prodblem (e.g.,the low
reading schievement of culturally disadvantaged chil-
dren), he may then exercise his prerogative to call
for the initistion of 2 project to design and develop
2 protess whose perfoerme nce apecificationsare
such that upon Lastallation of Lthe process In his
school, 1t will yleld the desired educstional ovtput
{o. 8., Increased level of reading achierementin the
targel population).

Once the initlative for the development project
has been undertaken and the performance specifica-
tons established, the development project th n ton-
ducts 2 aearch for relevant reserrch {lindings ~ atch
may offer clues lo guide the development project.

Figure 3. A ''Walk-Through'’ of |1 model

(Whelher or not this step Is tsken after the pfdject
is begun or Immediately before it Is not reaily Im-
portant. What is cruclal is thal at aome polnt near
the very beginning of the effort such a search Is
made.) Impressed with a parlicular finding (e.g.,
the tremendous Impact of parentalattitude on student
achievement aa revealed by the survey conducted as
part of the Plowden study), the project may decide
to develop a process which deliberately tries to en-
gender a large measure of parental involvement In
home Instructional experiences carefully geared to
complementary experlences in the school setling.
Having made that decision the developers may then
discover that they require further infor mation about
the specific nature of oplimum parent-child interac-
tions to stimulate maximum learner achievement.
They may Iherefore cail for a specific initistive of
a research aclivity to generaie further datato guide
the development of materials. When useful findings
are identified they can be Incorporated in the devel-
opment effort which then proceeds to successfulcon-
clusion. When, using iterative techniquesofdesign,
development, trial, and redesign on the basls of
feedback, materials encompassing both school ex-
periences and parent-child interactions in the home
are successfully developed and validated, they may
then be transferred to the operating setting where
the administrator may {nstalithem as part of his
{nstructional program,

This example Is illustrated in terms of the madel
by Figure 3. EOg at No. ) symbolizesthe soclal
demand for a certain kind of educational c=tput (in
the example Just given, higher rerding ack " ment
for colturally dissdvantaged children). Thisc m. "4
creates pressu--e on the sehool adrmlalsraior to re-
spond with some sort of Initiative, Thal 'nitlative
Is represented by A at No. 2. B symbolizes his
search for an effeclive process wo install. Since be
did not find It, his response was lo call for a devel-
opment Inif{iative (B at No. 3). The next step was
to develop the perfor mance specifications (PSy at
No. 4) such that they cotrespond to the educational
oulput desired ty sotlety. Ornce the spee¥ications
for the development project are estabdlished, the next
s'ep is to turvey related research seeking guidance
for the development effce*  The searchis conducted
and the finding (Fra) of relevancs to the perform-
ance spec Kications and the desired educational out-
put (e.g., the significante of parental altitude) i s
incorporated Into the development project {No. 5).
The ¢all for sdditional research assistance ls sym-
btolited by D at No. ¢ and the incorporation of rele-
vant findings {again Frx) from that Initlative into the
development effort Is symbolized by the o.M arrow
10 the development line ot No. ¥, Number § regre-
sents the completion of the development project, No,
9 the incorporation of the process into school oper-
alions, and No. 10 the production of the desired out-
pt, higher levels of resding achlevement, as a ¢oa-
sequente,

A Sam o r Possible Inter s
The depiction of 2 sampling of other possdle ta-

teractions among research, development, and oper-
atlona can be found ia Figure 4,

Exampie: A school official feels the need to 18-
$289 the degree to whichinstructional progrsmsare
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Figute 4. A samptingofother possidle Intersclions

serving 8 particular larget population. He calls
therefore for an initistive in research. This is rep-
resented by the D/D/F-F Interaction.

Example: An organizstion engaged in develop-
ment independently concludes that It would be useful
to develop s certsin process or product for instrue-
tion, This is represented by the B/PSy Intersction,

Exsmple: Research is Initiated for Hs own sake
and pursued solely for the knowledge which it peo-
daces. Nofindings have yet been Incor porsted
elther In development or operstions. This is sym-
bolized by the C/F-F-F relation 1n research,

Exsmple: Research Initiated for itsaown sslke
yields the lindings that certain organizational stree-
tures for large ¢ity achool systems are slways prob-
tema tal or that s certata vitamin supplement ad-
ministered between the ages of $ and ¥ can prevent
a form of mentsl retardation vhose appearance can-
not be detected entl] somewhat later, Nelther one
of theae tindings needs to pass through development.
Each can be Implemented directly In s¢hool opers-
tions (f 00 desired). This kind of relationshipofre-
searchio practice Is illustratedby the G/ F-F/R/'EQg
fnteraction.

Exsmple: Finally, conaider an Instance [a the
form of the linear fiow or Guba-Clark model from
tesearchtodevelopment to implementstion. Re-

RIC
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search on early childhood and cognitive growth, fot
example, uncovers s number of fIndings some of
which may suggest the development of ptocesses
and environments which can actively ernance such
growth, Development efforts are consequently sup-
poried and carrled through to completion. Theavall-
ability of the resulting products and processes ls
made known to educstional sdministeators whoste
thereby persuaded to Incorporale the newly devel-
oped early childhood instruclionst programs, st
either private or public expense, Into the Natlon's
educationsl system. This kind of sequence (s rep-
resented by the J/F-F-F/K/PSj/L/EO; inleraction. '

THE MODEL AS AN HEURISTIC

All of these representstions in Figures 2, 3,and
4 are fairly obvious and siralghtforward. The use
of the model ss an heurisiic, however, profits from
further explanation. One of these uses pertalns dl-
rectly to the problem of ''change process'’ s s sp-
plied to educstion. The modelisstructuredto illus-
trate that the incorporstion of research findings in-
to development is Just as Important and oftentimes
as difficult a proposition ss incorporsting newly de-
veloped processes (nto operstions) settings. The no-
tion that there are obligstions on both research and
davelopment to transfer thelr *products" to other
sctivities means that each must pay careful atlention
to the way in which iis outputs sr e presented snd,
perhaps the very way In which the outpuls are pro-
duced. In other words, the requitement that even:
tusily there be transfer or incorpotstion {nto anoth.
et type of actlvity places constraints upon the pro-
fessional behavior in esch activity which cannot be
ignoted without compromlsing lster Impect,

This requirement is particularly Lrue for derrl-
opmenl projects, but it is astrve for research ac-
tivities. A lew concrete examples (lhusirate the
point. One such example s the researcher who pub-
Uishes his findings in s sloppy or difficult for msl
and therebty hinders the likelihood of tic!l* being In-
totporated ultimately into practice. The research-
er who Inadvertently conceslsor compromises
:m methodology ot 4eslign encounlers similar prob-

ema,

Simllarly, the final requirement fot s develop-
mert project is that it be wasble in operstional - et-
lings. The ultimate desire to Incorporste the devel-
oped process [n achoot operstions means that one of
the performance speciications for development
must always be the provision of proceduies Qesch-
ars’ mamsls, lrainkig procedur ra, ete.)lor accom-
plishing the installation of the Innovaticas. Ethe de-
velopment is undertaken without reference to thst
fect (f, in shott, the requirement for transter is
not bullt into the performance speciicationa), the
developer may well have rendered his product un-
usable. Hence, for example, Lhe desire to involre
teache's and other practitioners in the derelopment
process slems from the nead to have Lhetr experlise
and experience continually represented. They com-
sitate, n effect, the embodiment of many of the op-
erstions] constraints snd possidilities in schools with-
in whichthe finished process willoperate. There are
other good ressons for Involring teachers ss well, not
the tesst of them being the respectability lemt (o Lhe
project tn the eyes of the practitioners st 1arge by



Q

ERIC

Aruitoxt provided by Eic:

162 RESEARCH AND DEVELOPMENT TOWARD THE IMPROVEMENT OF EDUCATION

virtue of the meaningful presence of teachers In the
effort. This last considerstion isof no small Impor-
tance in securing scceptance of the innovation in the
profession st large., The nature of fts importance,
however, should not be mistaxen; the Involvement
must be meaningful and nt merely window-dressing,
for the respectabllity Is lent by thelr presence only
il thelr contributions are fully utilized snd their real
knowledge of what isor may be possible is thoroughly
welghed in the development effort.

One finst polnt might be made r ™. -at the model's
portrsys] of the posaibility for tra. “ers back and
forth among research, development, petstio
That is the obvious emphasis which neec (Cdet
en 0 the probiem of tnformation flow ar the Need
for c-tlully considering techniques for installation
of better knowledge ¢ ' better processes into thelr
intended settings. Or.., part of this (s thedlirect
responsibility of the researchersandthedevelopers.
Those with obligstions for considering the entlire
R and D system for improvement needslsotodirect
thelr sttention to the diffusion process.

A second feature of the rodel 38 an heuristic s
the way it helps to clear up part of the problem of
distingulshing between bask and spplied research
In education. ? The model clearly impliesthatbasic
research (stucies genersted Independently inre-
search for the sake of the lindings slone) and sp-
piled research (research conducted to serve s pat-
ticular need tdentified by people engaged in develop-
ment or operstions) differ from one another ptimsr-
ity in terms of he intent of the Initistor.* Thus the
knowledge-orientstion of the basic resesrcher is
centrsl to his aclivity., Applied resesrch Is slso
supported for the knowledge which resvits from It,
tut the Initiator of the research knows to whst in-
strumentsl use he Is going to put his findings, By
depleting both apolied and basic research as similar
kinds of activities, the model implies that in and ol
Lhemselyes they dook very much alike, The proce-
dures, the design, the sophistication mustslibe on
par o either Is to be valusdle. What élatinguishes
the tvo from one another, if anything does, are the
parposes for which they are initiated,?

A hird testare of the model as an heuristic s its
suggestion thal decisions to Initiste aclivities of
eath of the Lhree types ace made sccording to guite
different criteria and perhaps by quite diflereot pecr
ple. The fundsmental scientific eharactier of re-
search suggests that independent initistives exer-
cised there depend hesvily ca advice from the ac leace
community. Developmenrt projacts, however, can
aleo be independerdly initisted, but declsions to be-
gin these kinds of activities are subject to advice
from both research and operstione,. Wik limited
resources, deciding which needs to satisly through
development for exsmple, those independently gen-
ersted bty developers, compated to Lthose stemming
directly from school operstions, compazed to those
growing owt of research activities) becomes s pattic-
ulatly difficeXt prodlem. Flaally, the kinds of Yooe-
Iy decisions required of school administratorsatthe
operstiona] lerel are made by people la he codtext
of still different circamstances and InstRutions. By
emphasiting the essentially different natere of the
sctivities being undertaken, the model reminde the
policy maker of the need to collectdifferentkinds of

data and statements of need when planning future
sctivitles.

Finally, the frank attempt to represent each of
the activities In terms of particular kinds of oulputs
may well be the most significant sspect of the model.
It forces the viewer of the model to conslder what
the outputs of each sctivity are snd to think sbout
how the outputs of each actlvity are of use to one an-
other. The outputs of research, for example, are
knowledge. Some ¢f the knowledge produced through
research wilt find its way into development snd Into
school operation. Are there ways of Improving the
output of research, making it more powerful, in-
crease the likelihood of its being of use to instruc-
tion and educstion?

What about the outputs of development? They con-
stitute, on the one hand, the validation ¢ resesrch
and, on the ather, the mesns by which the educa-
tionsl system can improve the manner in which It
earries out lts functions., How can development be
improved, how can research be organized tobe of
greater use to development, sod how can the educs-
tional aystem Iitsel orlent its organization to the re-
curring need for the instsllstion of more powerful
validated techniques?

Finslly, what happens to educstions! operations
when they begin to view ‘heir responaibllities
In terms of utpt? The contrast canperhaps de
most sharply drawn by considering the impllcations
of the notion of grading schools on the basisof thelr
Qutpts rather than studen(s on the basis of thelr
&otmmce The existing practice of grading stu-
nts assumes at bottom that the student Ls respon-
—'Te for his learning and that his fallureor success
is a tribute or 2 consequence of factors intrinsic to
him. The ides of grading 8 school on the basis ok
its oviputs ssrames quite to the contrary that sll
students can learn and that the responsibility of the
schools 18 to make that happen. {(We do 1-ot, for ex-
smple, judge the success or failure of medicine or
law bty the patient’s or client’s end state; we judge
it by the degree to which the doctors ot lawyers
skiltfully wtilized the most sophisticated practices

ta sttempling to serve the client. W e certainty do
not 'grade’’ the patient or clienl; qQuite to the con-
trary, it Is the professional services themselves
which are sssested. Anoutputorientstion for
school operstions would cause Lhe same reorienta-
tion of ide direction of sssessment In educstion. )
the schools themselves are judged tnterms of the
dagree to which they are accomplishing their *'pro-
duction goals,’ Increasingly they may come to orl-
ent ideir activities 10 assessing thelr own elfective-
ness, identilying the techniques snd procespes which
need improvement and, 88 a consequence, calling
with intreasing sophisticstion for the kind of devel:
opment activity and research swpport which will
provide the basis for contiming lmprovement,

OIS

1. The suthor Is Director of the Program Planning
and Evaleation Stafl of the Buress of Research,
UL 8 Oifice of Educstion. Th's paper s writ-
ten in Gideonse’ private capaciy. No official
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support or endorsement by the U. S, Oftice of
Educstion Is intended or should be inferced.

2. This example is, of course, ¢learly an ideal con-

ceptualization. It is instructive to kee p the
model in mind ac one looks back over the past
four years st the tremendous developing inter-
est in the establishment of early childbood
educstional programs. While it is certainly
difficult If not impossible to establish an indi-
vidual cause for such 8 compliex phenomenon,
it 18 nonetheless significant, 1think, that Ben-
jam'n Bloom published his volume Stabilit
and Change in Human Characteristics (1964)
Just st the time the Office of Economic Oppor-
tunity was beglnning its planning toward the
development of programs tofight the war
against poverty, The significant thing about
Bloom's volume, however, was that whilehis
conclusions firmly underscored the impor-
tance of the early yesrs in the development of
cognitive skills, he also pointedly cbserved
that there had been little actual experimenta-
tion designed to create environments to en-
hance such skill development. T do not think
that it does violence to Bloom's argument to
interpret it as a call for rigorous development
efforts designed to produce environments and
instructions] peograms which have the effect
of enhancing human capabilities. The prob-
lem, however, is that which exisis in all eo-
¢itl domains, There are large numbers of
¢hidren now whom we cannct alford to ignore,
and the consequence has been the sttempt to
create operating early ¢hikihood programs
based on those convincing research findings
without first haring gone througha develop-
mentel stage. The result has been a some-
what marginsl impact on the target populstion
despite the clear implicstiors of the research
summatited by Bloom.

3. 1think it 1s slso useful at this point to tecall

Reagar's view that the socisl sclences present
something of a different pictate in regard to
the distinction between baak and sppied re-
search. As he points out (Reagan, 19817,
p. 1335), po matter how abstruse and sbstract
its practitioners attempt to become, soclal
stience research is inherently telated to
potential applicstions.

4. The initiator and performer are, of course, not

necessarily one and the same person or insti-
tRion.  The actual Initiator of the research

profect may be 2 achool man, a developer, a

researcher, or a researchadministrator. The
periormer of that research effort may or may
not have the same sltimste purpose as the Int-
tiator in mind ss he undertakes the activity.

Thus, for exsmple, it would be parfectly pos-
sfhle fot a research administratos to stimue
late a sertes of rescasch activities relating to
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reading which he views as applied research
necessary for a development effort tobuiid
improved reading curricula, whilethe per-
former of that research sees it 83 s basic re-
search effort in perceptionor the psychomoior
sklils sssociated with reading.

5. This view, lbelleve, fits lalrly well with one
part of Harvey Brooks' analysis of the distinc-
tions between basic and applied research
(Brooks, 1967, p. 1706) when he noted that
‘a8 definite categories, {the terms)basic and
spplied tend to be meaningless, but a8 posi-
tions on & scale within a given environment
they probably do have some significance
The principal shortcoming with Brook's snal-
ysis, however, is that it proceeds slmost en-
lirely on the presumption that the distinction
can be resolved by sppeoaching it in some way
from the resesrcher's point of vlew, My ex-
perience in the administrationof research, as
the model presented In this paper clearly In-
dicates, leads me to believeihat the research-
er's view is only one of seversl which must
be taken into account In attempting any analy-
sis of the distinction betwzenbasic and applied
research. The presence of rather different
criteria and slternative vantage points convin-
ces me that Reagan's arguimnentfor abandoning
the distinction within research is much more
persussive 83 ia the suggesiion that the eriti-
cal categoriestion {s that betweenresearch
and development.
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