o

I VU ot S WS - g AT g -

g

AN ANALYSIS OF LEARNING BY DISCOVERY
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Texas A&M University

In recent years learning by dilscovery has become = toplc
of much discussion among educators. One reason for its pres-
ent prominence 1n educational clrcles 1s 1ts c¢lose connce-
tion with the disciplina{y structure projects described in
The Process of Education.* Sand and Miller consider learnin-
by discovery to _be one of the three major characteristics of
these projects.2 Bruner, himself, the reporter for the "oods
Hole Conference, attributes his own interest in discovery to
these projects.

The immedlate occasion for myconcern with dis-
covery . . . 1is the work of the varicus new curric-
ulum projects that have grown up in America durins
the last six or seven years. For whether one speaks
to mathematicians or physiclsts or historians, one
encounters repeatedly an expression of faith in the
powerful effects that come from permitting the stu-
dent to put things together for himself, to be his
own discoverer.3

The relationship of learning by discovery tothe curric-
ulum projects was ldentified by the members of the Woods !ole
Conference. They recognized that the mastery of the struc-
ture of a subject required that the learner develop certain
attitudes about the structure. The instilling of the proper
attitudes was viewed as an area about which 1little is known.
but 1t was felt that encouraging learning by discovery was =
major aspect in creating the desired attitudes. The mathers-
ticians and scientists both believed that it was possible
and desirable to teach the structure of a subject in » man-
ner that would reflect theexcitement that occurs when a2 stu-
dent makes a discovery on his own. Therefore, as the varinnus
projects were developed they included experiences in learn-
ing by discovery.

A second reason for present interest in learning by dis-
covery stems from a new emphasis in research on the psychol-
ogy of learning. Around 1955 research activity on learnine-
by dlscovery began to increase rapidly. Pricr to that tine
there was little research activity on this topic.‘14 Most of
the current interest in this phase of the psychclosy of
learning 1is concerned with the effects of learning by dis-
covery on transfer, retention, and concept development.

s

105



These two events have served toreinforce each other anc
mreatly stimulate interest in learning by dilscovery. As 1s
50 often the case, this sudden growth has resulted in confu-
sion. The purpose of this paper is to make an analyslis of
learning by discovery in hopes of removing some of the confu-
slon surroundine this term. The analysis will be sixfold:

1. to describe the essential characteristics of learn-
ing by discovery and to derive a definition therefrom,

2. to review briefly the rationale of learning by dis-
covery,

3. to identify and describe the advantages claimed for
learning by discovery,

. to describe the purposes served by learning by dis-
covery,

5. to identify some of the new curriculum proposals
which utilize learning by discovery, and

6. to identify the different methods of instruction for
discovery.

Characteristics of Learning by Discovery

Bruner stresses the importance of recognizing that dis-
covery 1is a learning process, "not a product discovered.'5
It 1s essential that this distinetion between product and
process be made; otherwise confusion will exist about the use
of the term and the relationship between product and process
willl be overlooked. Since learning by discovery is a method
of learning, 1t is fundamentally concerned with the experi-
ences and behavior of the learner. From the study of these
factors several educators have ldentified a single essential
characteristic of learning by discovery which distingulshes
it from all other types of learning.

This essential characteristic of learning by discovery
is suceinctly stated by Ausubel:

The essential feature of discovery learning 1s
that the principle content of what is to be learned
1s not given but must be independently discovered
by the learner before he can internalize it...The
learner must rearrange a given array of informa-
tion, integrate 1t with existing cognitive struc-
ture, and reorganize or transform the integrated
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combination 1in such a way as to create a desirec
end produgt or discover a missing means-end rela-
tionship.

: Taba, 1n a recent article, practically paraphrases
Ausubel's definition:

The learner must construct.his own coneeptual
schemata with which to process and to organize
whatever information he receives. Teaching is di-
rected to enable the learner to establish a rela-
tionship between his existing schemata and the new
phenomena and to remake or extend the schemata to
accommodate new facts and events./

Bruner is in complete agreement with both Ausubel and
Taba. He has stated that learning by discovery "is in its
essence a matter of rearranging or transforming evidence in
such a way that one 1s enabled to £O beyond the evidence so
reassembled to additional new insights,'8

This essential characteristic of learning by discovery
can be best understood by contrasting learning by discovery
with expository or reception learning. According to Bruner,
in receptlon learning "the decisions concerning the mode and
pace and style of exposition are prineipally determined by
the teacher as exposlitor; the student is the listener."Y In
discovery learning, however, Bruner continues to explaln,
the pupil 1s active. His behavior now helps set the mode,
pace, and style of instruction. The pupll takes a part in
the structuring of learning activities. He gathers evidence
and tests hypotheses by manipulating data and questioning
the teacher.

Addltional insight into the differences between recep-
tlon and discovery learning is provided by Ausubel.l0 pig.
covery learning differs from reception learning in that while
the former requires that the learner discover new ideas or
content for himself, reception learning presents the learner
with the i1deas or content 1in s predetermined final form.
There 1s no reorganization or manipulation of data. The
learner 1is told the concept to be learned; he does not dis-
cover 1t for himself.

Included 1in the above descriptions of learning by dis-
covery is the idea of the acqulsition of new Information,
Learning by discovery 1f carried to completion makes some-
thing which was unknown known. The product of the process is
& new understanding or an extension of what was known before,
at least insofar as the learner is concerned.
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This does not mean that the product must be something
unknown to others. Bruner's cautlon not to "restrict dis-
covery to the act of finding out somethings that before was
unknown to mankind" stresses the fact that the discovery
itself may be new only to the learner. In the case of most
school work this would certainly be true, the ideas to be
discovered by the students already being known to the teach-
ers, In thls sense learning by discovery results in what 1s
called concept attalnment.

Concept attalnment occurs when the learner himself first
became aware, either through discovery or reception learnine,
of a2 concept which was already known to the person responsi-
ble for his instruction. Concept formation, on the other
hand, 1s the discovery of ideas or concepts not previously
known by either the learner or the instructor. Thus, concept
formation is a highly creative act, far more so than concept
attainment.

Learnine by discovery may lead toelther concept attain-
ment or formatlon., Illowever, all studies of learning by dis-
covery known to the author have so far been limited to con-
cept attalnment. At present little 1s known about fosterinc
concept formation, so little, in fact, fhat the area is Jjust
bezinning to be explored.l2 The new curriculum projects men-
tioned by the Woods llole Conference, for instance, use learn-
inz by discovery to foster concept attalnment. In these
cases the concepts to be attained are aspects of the disci-
plinary structure that have been identified by the scientists
or scholars.

Other characteristics of learnine by discovery have also
been identified, but these are either shared by other learn-
ing processes or are limited to one or twoe of the various
forms of learning by discovery. Taba,l3 for example, states
that learning by discovery 1s characterized by inductive pro-
cesses, Reception learning may also proceed through induc-
tive processes.l4

Another 1mportant but not wunique characteristic of
learning by discovery is the fact that it begins or 1s initi-
Ated by a problem situation. In this sense, learning by dis-
covery 1s a type of problem solving. Indeed, Tabal5 traces
the history of modern learning by discovery throuch Dewey's
work on inquiry and problem solving,

Attention 1s called to the fact that only one of the
three major characteristics of learning by discovery identi-
fled above 1s an essential element: the independent reor-
manization or extension by the learner of his own cornitive
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structure. From this essential charzcteristic 1t is now ros-
‘sible toderive a workinsg definition of learning by discovery.

Thus, learning by discovery may be defined as the process of
the independent reordering or extension of cognitive struc-
ture by the learner which culminates in the learner's acqui-
sition of one or more new concepts.

The Rationale of Learning by Discovery

There has not yet appeared a definitive study of the ra-
tionale of learning by discovery. In order to develop an un-
derstanding of this rationale it 1s necessary to draw upon
many separate sources and to attempt to synthesize the vari-
ous polnts of view into a coherent framework. Only one de-
tailed explanation of discovery rationale was located. Even
in this case, the treatment is conflned to only one specific
approach to discovery learning, the Illinois Studles of In-
quiry Training. Since so little has been written on the ra-
tionale of discovery learning, this section will present the
rationale of inquiry training.

Illinois Studies of Inquiry Training

The purpose of the Illinois Studies of Inquiry Training
“has been to help children develop a set of skllls and g
broad schema for the investipgatlon of causal relationship.lO
The desired outcome of such training is to enable the learn-

er to achieve greater independence and autonomy in concept
develcpment.

Two assumptions rest behind the rationale of inquiry
training. Flrst, it 1s assumed that there is a hilgh derree
of uniformity among the fundamental thousght processes used
in inquiry and that these fundamental processes are the same
for all disciplines. A second assumptlon is that the rate of
intellectual growth, as 1dentified by Jean Plaget and Barbel
Inhelder,17 can be accelerated by teaching children the fun-
damental processes of inquiry.

According to Suchman the rationale of inquiry trainine
consists of three tenets:

1. inquiry tralning frees the learner to formulate new
1deas and relationships according to his individual ability

and hils own cognitive needs, thus, it promotes autonomy of
learning;

2, motivation 1s intrinsic within inquiry, for children
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enjoy self-directive activity that results in intellectual
grcewth; and :

3. concepts achleved through inquiry are more meaning-
ful to the learner because they result from his own needs,
behavior, and motivation.

The structure and function of inquiry. Four aspects of
inquiry behavlor have been ilsolated and studied by the I11i-
nols Studies of Inquiry Tralning: searching, data processing,
dlscovery, and verification. A description of each of these
four aspects follows.

Searching 1s characterized by behavior designed to gath-
er data according to a systematic plan. It is a selective
process which allows the lnquirer to adjust his data assimi-
lation to the requirerents of his purpose. Two aspects of
searchlng account for much of its value as a device for the
collection of data. The first of these is mobility. This
permits the inquirer to capitalize on a wide range of data
sources. Manipulation 1s the second aspect. Throurgh manip-
ulation the inquirer can subject the environment to selected
changes to observe the effects and determine their relevance
to the task. Yew data are often produced by this means.
‘lhereas mobility provides new sources of data, manipulation
Increases the aimount ofdata obtainable from a single source.

The searching behavior of inguirv has four basic char-
acteristics. First, there must be a locus in which to search.
second, there nmust be freedom to explore the locus. Tairs,
there must be a "set” to direct the searching activity. Ti-
nally, there must be a plan to follow in carrying out ths
search. Of these four characteristics that of set is of spe-
cial importance. lets direct the searching activity irntc
certaln areas while closing off other areas. Sets permlt the
inquirer to focus his efforts along selected llines without
having to attend to all possible data sources. The oproblen
1s to retain enourh richness and variety of sets as are pos-
sible without interferinst with a systematlic approach in the
search for data. This is a variation on the theme of freeicr
within 1limits. The limits must mive order to the search with-
out severely limiting the variety of data sources available.

Data processinre serves to orranivze the results of the
Eearch into patterns that reveal regularities in the data.
3riefly 1t is the means of developing relationships amones the

data collected. The processing of data falls into four ci-
visions:

1. Analysis~-~subdivision of data 1into thelr parts.
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2. Comparison--identification of similarities and dif-
- ferences of the data.

3. Isclation--selectivity of variables for intensive
‘examination.

4. Repetition--continuous presentations of data to in-
crease opportunlties for selection as subjects of investina-
tion.

Dlscovery 1s achlieved when the data processing 1s cul-
minated by a synthesls leading to an explanation or under-
standing of the inquirer's problen. Specifilically discovery
occurs when previously noted conflicts, dissonance, or dis-
crepancles are resolved by additional insight. There are at
least two ways 1in which solutlon can occur. A synthesis may
be developed from data that oririnally appeared to be incom-
patible. Sometimes the dlverpgent dsta fall into patterns
that match other concepts previously learned. Discovery may
also result from a conceptual shift, the development of a new
concept which flts the data. However, inauiry trainine does
not attempt toteach the learner to develop or invent new con-
ceptual schemes, This 1s considered beyond the intent of the
program.

Verification 1s the process of checkins the discovery
against reality to ascertain its soundness. Most often this
is accomplished by testing the concept arainst specific in-
stances to see how well 1t allows prediction.

Inquiry training.--The training procram bersins with the
presentation of a short motion picture which establishes a
problem situation. The learners are encouraged to seek the
solution to the problem posed. This they may do by question-
ing the teacher about the motion pilcture. They may not, how-
ever, ask for generalizations or explanations. By this pro-
cess of 1nquiry an analysis is made of the presentation and
hypotheses are offered as explanations of the phenomena ob-

served. This process consists of two phases: "(a) inter-
preting data in terms of pre-existine concepts and (b) modi-
fying concepts to correspond to the data...."18  These tuwo

phases are known as assimilation and accommodation, respect-
ively. One of the major purposes of inquiry trainine is to
help chlldren learn to carry out these two phases more auto-
nomously and efficiently,.

Assimilation and accommodation are mutually dependent
upon each other in promoting conceptual growth. The learner
must effectively use first one and then the other, He must
assimilate new data and, at the appropriate time, accommodate
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previously existing cognitive structure to these data. Once
the cognitive structure has been modified to incorporate the
new data, the learner agaln sets out to assimilate additional
data. Thls process continues until the explanation is dis-
covered,

Inquiry training attempts to make discovery more effi-
clent by providing the learner with a better strategy for
seeking solutions to problems. In other words, 1t attempts
to teach the learner a strategy for ingquiry. There are four
key elements Involved in setting up a program for inquiry
training. The first of these 1s the problem episode. The
purpose of this episode is to present the 1learner with a
problem on which to work. The short physics films spoken of
earlier are used for this purpose. These films serve as
stimuli for 1nquiry.

The second element, the responsive environment, provides
the sources of data needed to discover the explanation for
what was observed 1n the film, No attempt is made to struc-
ture the form or seaquence of the data, The learner deter-
nines both of these by the gquestions he asks. There are,
however, certain limitations imposed on the questioning. All
questions, for instance, must be phrased so that they can be
answered by either "yes" or 'no." Other questions nmust be
recast untll they fit this pattern.

The third element chanpges the focus of the inquiry fren
content to process. This change is accomplished (1) by pro-
viding opportunities for directed inguiry practice, (2) by
developine the plan for analysing causality, and (3) by mas-
tering a method for investimating causal relations.

Practice in more efficient inquiry is developed mainly
through two methods. First, the teacher helps the learner
realize why he runs into trouble when following inappropriate
lines of inquiry. Second, tape recordings are made of in-
quiry sessions and later criticized to peint out weaknesses
and strengths. From this the learners are able to ask better
and more germane questlons.

Teachers help the learners to analyze causallty bv seek-
Ing information about the following five facets of the prob-
lem episodes:

1. the objects contained in the eplsodes;

2. the systems, interrelated assemblies of objects,
presented by the episodes; ,

3. the conditions existine, especlally those which
change, durineg the eplsodes;
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4, the events which occur during the eplsodes: and

5. the properties of the objects ldentifiec in the ep-
isodes.
. -

The learners are asslsted in ldentifying and describinr thesc
five facets and in noting the relationships that exist amon-
them.

The last aspect of focusing 1nquiry on process entaills
the learning of a2 schemata for inquiry. Althourh there are
various approaches to strategies. of inquiry, the Inguiry
Training Promram has settled on three phases: episode anal-
ysis, the determlnation of relevance, and the induction of
relational constructs.

Episode analysis consists of routine checks made on the
objects anc systems identified in the problem eplsode. "his
is done in order to determine the properties of the objects
and systems. The learner may do this by asking the teacher
if an object is a certaln thing or has specific character-
istices. Another method 1s to ask 1f a certain thineg would
happen if the object were subjected to specific conditions.
In addition the analysis includes determining the state of
the objects and systems at the eplsode's beglnning and at
the completion of each successive distinct event. The JT: st
aspect of the analysis consists of having the learners pre-
sent their data in oreganized chart form. A standard form Tor
thils chart has been developed by the Inquiry Trainine Tro-
gram. Its purpose is to aid the learner in recoznilzing pat-
terns and relationshlps among the data.

The determination of relevance characteristicnlly in-
volves two goals. The first 1s to establish the relevsnt
varlables of the eplsode and the conditions necessary for
thelr operation. This goal 1s achieved by changing one var-
lable at a time while holdine the others constant. The sec-
ond 1s to identify the conditions relevant to the results of
the episocde. Questions are used to gather the inforrmation
needed to satisfy both goals.

Phase three, the 1nduction of relatiocnal constructs, is
designed to help determine why certain conditions must be
present for the results to occur as observed. Unfortunately,
attempts to identify a standardized procedure for this rhase
have failed. Previous experience, intuition, and crestivity
all seem to iInfluence the effectiveness of the learner's be-

havior. "Here 1s where the individual brings to bheoar his
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existineg conceptual systems in hypothesizine causal relation-
ships and testing them.'"1l9 i

An example of a typical session of Inguiry Training is
riven in Appendix 1. Much of the rationale described above
is easlly identifiable in this example.

Up to this point the ratlionale presented has been lim-
ited to a single approach to learning by discovery, inquiry
trainins. How attention is focused on the ceneral rationale
of all approaches to learning by discovery, inecluding in-
quiry training. As mentioned earlier this rationale is de-
rived from a synthesis of many separate sources on learning
by discovery.

General Rationale of Learnins by Discovery

The basic tenet of learning by discovery challenges the
assumption that the process of learning can best be con-
trolled by some person other than the learner himself. Ex-
pository learning, according to Suchman, provides no place
“for search, for data gathering and processing or for discov-
ery. The learner is reduced to the level of the machine it-
self, and only the most menial of human coghnitive functions
are called into play. The creatlve and divereent aspects of
human intelligence are for the most part lenored and nes-
lected. 20 It is larmely to overcome these drawbacks that
learning by discovery has been advanced as an improved tech- .
nique for promoting learnins. The first assumption of learn-
ing by discovery, then, 1is that the learner himself 1s best
able to direct his own learning and that learning by discov-
ery is the most effective means yet developed to foster the
learner's self-direction.

A second tenet of learning by discovery is that it pro-
vides a concrete basis for the development of abstract 1ldeas.
This tenet is based upon the research of Rarbel Inhelder and
Jean Plaret. Their research indicates that, prior to the
upper elementary orades or Jjunior high school, learning
should be based more upon concrete activities, such as those
afforded by discovery and other largely nonverbal experi-
ences, rather than upon more formalized and hirh verbal ac-
tivities.?l Thus developmental considerations have influence
on the interest in learnine by discovery. Adding to this
line of reasoninpg Ausubel states:

Furthermore, for children who are still func-

tioning at Piaget's level of concrete operations,
nonverbal, intuitive discovery and application of
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principles, prior to formal verbalization, is often
desirable, In addition to the use of concrete-
enpirical props. 1In learning more complex snd ah-—
stract ideas far removed from everyday exoverience,
it 1s plausible to suppose that subverbal insisht
acquired throush discovery experience may serve agz
a facilitating transitional phase_in the achieve-
ment of full verbal under’standing.2

Ausubel's comments on subverbal Insicht lead to a thir:
tenet of the rationale of learning by discovery. This tenet
holds that subverbal understanding precedes the anility fto
verbalize what 1s understood. Thus, the dilscovery 1is mace
and understood before it can be exXpressed verbally, The
separation of discovery phenomena from the process of con-
posing sentences which express those discoveriles is the i
ew breakthrough in pedagogical theory. 23 Discovery of the
Zeneralization occurs before the learner is able to verbalize
¥nat he has found. In discovery learnins subverbszl insizht
later emerges as verbal statements. In reception learnin-
the approach used is different. “he learner 1s presentec
with a verbal generalization ancd expected to main  insicht
from it. The proponents of learning by discovery claim that
providing a verbal generalization leads to¢ rote learnine~ be-
cause the learner can only memorize a generalization that he
does not really understand. If, on the other hand, the
learner had discovered the generalization for himself, he
would have first sailned subverbal insipht and later verbal-
l1zed his own understanding of the generalization. Such a
process insures that the understanding and the verbaliration
are as nearly the same as possible.

Whereas the expository or reception techniques of teach-
ing tended to divide learning into two aspects, content as-
simllation and the process for organizing and using the con-
tent, the "rationale of learning by discovery seems to bring
process and content into a transactional relatlionship. The
rationale stresses the need for a strategy for cultivatine
autonorous mental processes in relation to the requirements
of the structure or the logle of the particular content.™2)

The transactional relationship between the content and
the process 1s an outgrowth of the learner's need to process
new content so that i1t is assimilated to his own conceptual
schemata. In certain cases where the new content cannot be
readily assimilated to the previous cornitive schemata, the
schemata is reorganized so as to facllitate the new content.
Thus each of these two aspects of learning transacts with the
other, In fact, the content is learned as the result of a
process, learning by discovery, which reveals the relation-
ship between content and cognitive schemata. Stressine this
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Important quality of dlscovery, Taba explalns:

The act of discovery occurs at the point in
the learner's efforts at which he grasps the organ-
izing prineiple imbedded ln a concrete Ilnstance or
in a serles of instances and can therefore trans-
form this information: the learner can see the re-
latlonshlp of the facts before him, he can under-
stand the causes of the phenomenon, and he can re-
late what he sees to his prior knowledge.25

Taba alsc stresses the connection between discovery and the
structure of the subject matter belng studied. The dlscovery
should reflect the logic or structure of the subject matter.
This completes the transacticnal relationship between content
and process, for the content itself has structure.

Strategies of Learning by Discovery

Taba also reports that all types of learnins by discov-
ery have a specific teaching strategy. Three aspects cf
stratery appear to be common to most types of learning by
discovery. The first of these is the presentation of a prob-
lem situation which 1s desiesned to initiate the nprocess of
learninea by discovery. A second aspect 1s the withholdins
of principles and ereneralirations in order to lead the learn-
er into the discovery of these principles or generalizations
on hls own. The third aspect of strategy is the freedom «iv-
en to the learner to direct his own actions in seeking and
reorganizing data so that he may forrmulate additional in-
slrhts for himself, Other aspects of stratery are found i
specific typmes of learning by discovery, but the three ~iven
here are common to virtually all types.

Advantages Claimed for Learnins by Discovery

“he proponents of learnins by discovery claim that there
are several Important advantases of this method of teacrinec.
The most simnificant of these are (1) it strensthens and ex-
Fends intellectual potency and cosnitive skills, (2) it is
intrinsically rewarding, (3) it teaches the heuristics of
Glscovery, (#4) it alds memory processes, (5) it makes learn-
inﬂ gore meaningful, and (6) it promotes transfer of learn-
ng.

Bruner believes that intellectual potency and coenitive
skillls are 1mproved by 1learning by discovery, for learnin-
by discovery helps students develop effective means of prob-
lem solvine, Three such means, strategles, are surcested.
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First, the student can be alded 1n learnineg to ask questions
which locate constraints in the problem. Constraints serve
to progressively eliminate wide ranges of possibilities and
ald in the reduction of hypotheses to be explored. For exam-
ple, the student who asks, "Did the error result from incor-
rect division?" The second student mlght be fortunate 1n
immediately finding the solution, but if he were wrong, the
error could still result from inaccurate multiplication, ad-
ditlon, or subtraction. The first student, 1f he recelved a
negative reply, could immediately explore other areas.

A second means of improvement is to teach students to
ask questlons which fully utlilize previous information. By
locating constrailnts in the problem the student can then use
hils knowledme of the constraint to help him formulate his
next gquestlions. In other words, each successive question
buillds upon the information gathered by previous questions.

The third element 1is persistence which, in turn, con-
sists of two facets: sheer perseverance and an organized
means of collecting and storing 1nformatlion. The student who
has organized his search for information and its storage is
able to succeed where a student who has followed an unorpan-
ized pattern of search and storare becomes confused and dis-
couraged. Bruner labels the stratepy of the first student
cumulative constructionism; that of the second, episodic em-
piriclsm. Thus, he asserts that the intellectual potency of
students 1is improved by having them utilize the strategy of
cumulative constructionism. Practice in discovery leads the
student to search for more effective methods of pgatherines
and storing information.

The second advantage of learning by discovery, intrinsic
motivation, is based upon the concept of competence as a mo-
tivating factor.27 This concept nolds that the child has an
intrinsic need to explore and manipulate his environment. He
wlll of his own accord seek to discover things around him
without being gulded by extrinsic rewards. Bruner belleves
that learning by discovery capitalized on this intrinsic mo-
tivation by allowing the learner to gulde or direct his own
behavior. As the learner discovers new 1ldeas and facts about
hls environment hegratifies his need for greater competency.
Thus learning by discovery is saild to have intrinsic motiva-
tion.

Relylng upon the intrinsic motivation of learning by
dlscovery also helps to curtall the negative influences of
extrinsic controls often used by both parents and teacher,
"That 1s to say, learning that starts in resvonse to rewarcs
of parental or teacher approval or the avoldance of failure
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can too readily develop a pattern inwhich the child is seegs
ing cues as to how to conform to what iIs expected of him".<t

Teaching the heuristics of discovery can, saccording tc
Bruner, be accomplished only by utilizing problen solving or
discovery methods. Practice In learning by discovery leads
the learner to develop a style of work from which he carn
formulate principles to guide future attempts at discovery.
If the principles are to be truly eeneralities that can te
used in a wide variety of situations, then it is necessary
for the learner toundersc extensive practice with many types
of prcoblem situations. At present very little 1s known about
the methods of instruction which most effectively teach
heuristics of discovery. Indeed, Bruner has no suggestilicns
to make here. He merely affirms that heuristics of discovery
can be taught only by enpaging in discovery itself,

Practically all authorities who favor learning by dis-
covery cite its influence in alding memory as one of its ad-
vantages, especially Suchman,?? Taba,3C as well as Bruner,
who explalns that "the very attitudes and activities tha:
characterize 'fipuring out' or 'discovering' things for one-~
self also seem to have the effect of making material mcre
reaully accessible in memory."31  These authorities agree
that the processes by which the learner discovers the princi-
ples belne sousht are, 1n and of themselves, of such 2 ns-
ture that improved memory of the discovered principle occurs
as a natural by-product.

Only Bruner explains how learning by discovery brinrs
about the improvement 1in memory. Basing his conception of
memory on the work of Georre A, Miller,22 Bruner states that
the problem of mermory is one of retrieval, not storage. The
problem, then, becomes one of how best to commit the inforr-
ation to memory so that it may easily and accurately by re-
called to consciousness., This may be achileved by organizircs
the Information in such a manner that it is integrated intc
the learner's cognitive structure. Learning by disccvery
does just thls, for it permits the learner to direct his own
learnine according to his own interests and co-nitive struc-
ture, Thus newly acquired ideas and facts are organized t-
the learner so as tc be effectively related to previousls
existin~ ideas and facts. Since the rnew information 1s re-
lated to previously existinr cornitive structure which can
be readily remembered, the new information itself can be re-
cnlled upon demand,

The f1fth advanta=e, that of makine learnins more mesr-

In=ful is probably the widest proclaimed benefit of learnir-
by dlscovery.33 Central to this claim 1s wh»t is meant bv
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"meanineful . Taha recosnizes this problem and offers the
following explanation:

The essence of meaningfulness seems to be centered
in the penetration into the Dvasic structure of
whatever one dJdeals with, the mastery of the resu-
larities and principles that zovern the relation-
ships of the phenomena observec, ana the ability
to use this knowledge in explainineg a wlde range
of phenomena.3

Much the same idea of meaningfulness 1s contained in an
explanation that Lersh offers toexplain why learnins by dis.-
covery enhances meaning:

Through the discovery process, inwhich the learner
is forced to rely on his own cognitive capaclties,
he becomes cornizant of the relationshlps of the
learning task to his previous experience, ortoc the

pattern of relationships among the elements of the
task,3>

Suchman states that learning by discovery is more mean-
ingful because it 1is intrinsically rewarding, bullds the
learner's self-confidence inhis own abillties, improves cor-
nitive skills, and teaches the learner to detect pattern and
organization in data.36

Fach of these explanatlions stresses that meaning is de-
rived from the learner's awareness of the relatlonships be-
tween the principle discovered and hils previous cognitive
structure. Awareness of these relationships imbues the dis-
covery with meaning.

Improvement in the transfer of learning, the last advan-
tage claimed for learning by dlscovery, was hypothesized by
Hendrix in 1947: "For generation of transfer power, the un-
verbalized awareness (discovery) method of learnlng a gener-
alizatlon is better than a method in which an__authoritative
statement of the generalization comes first."37 1In the same
article Hendrix states that the key to transfer is not the
ability to verbalize the principle discovered. Indeed, she
offers evidence that verballzatlion of the principle reduces
the power of the subjects to transfer the principle to later
sltuations. The key to transfer of learning, she states, "is
a sub-verbal, internal process--something which must happen
to the organism before 1t has any new knowledge to verbal-
ize.38 In a more recent article Hendrix39 reaffirms her be-
lief that the nonverbal awareness of principles is, of
course, attained by discovery learning; therefore, learning
by discovery 1is credlted with improving transfer power. )
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Purposes Served by Learnipg by Discovery

Three distinet purposes of learning by discovery can be
identifled in the literature dealing with this topic. These
three purposes are (1) to teach subjJect-matter content,
(2) to teach the heuristics of discovery and ingquiry, and
(3) to teach the nature of the knowledge discovered. In ad-
dition to these three distinct purposes, learning by discov-
ery can also be used to serve a combination of any two or aill
three of these purposes. Taba recognized the unity of con-
tent and process, numbers one and two above, when she wrote
that the rationale of learning by discovery 'stresses the
need for a strategy for cultivating autonomous mental pro-
cesses 1In relation to the requirements of the structure or
the logic of the particular content . "0 Bruner emphasizes
the relaticnship among all three purposes. Jle believes that
the "process and the goal of education are one and the same

.thing. The goal of education is disciplined understandine ,

That 1s the process as well."41 1In the same article Bruner
developes the relationships that exist among subject matter,
the nature of knowledme, and learning by discovery.

Althourh the discoverv of subject matter content may he
an important aspect of these studies, the emphasis 1is on
learning how to develop skills of discovery and inouiry.
Thus the focus of learnine by discovery has switeched fror
content to process. The work of Suchman!? and of Bruner ,
Goodnow, and Austin43 1s of particular importance in studying
heuristics. The research of Bruner, Goodnow, and Austin, es-.
pecially, has influenced later studies of the heuristics of
discovery ., Ul

The  third use of learning by discovery, teachins <he
nature of the knowledge tlscovered, received proninence he-
cause of its relationshipto current thourht &bout the nature
of scientific knewledee, Glass states that one of the rain
objectives of science education is to teach “the nsature of
sclence. 5 To do this Schwab states that the student rneeds
to unggrstand the conditional truth of sclentific know—
ledie-di

The most extensive treatuent of the wavs to teach the
nature of scientific knowledse is contained in = Speech made
Oy Schwab in 1961.%7In this talk Schwab arzues that todav's
citizen must understand the nature of science if he is to
influence intelligently public policy dealinmwith scientific
natters. This requires that the old nattern of teaching sci-
eénce as a body of truths be replaced by the modern concep-
tion of scientific ideas, "principles of inquiry--conceptual
structures--which could be revised when necessary in direc-
tions dictated by larme complexes of theory, and diverse
bodies gf data, and numerous criteris of procress in  sci-
ence." %% ppus there is a continuous revision of scientific
knowledge.
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In explaining the rationale behind sclentific inquiry,
Schwab explains that scientific knowledme results fror +the
interaction of two types of inquiry: stable inquiry and
fluid inquiry. The first of these 1is characterized by its
investigation of the ramifications of scientific principles.
The principles themselves are not questioned; they serve in-
stead as assumptions which guide further research. Tluid
inquiry, on the other hand, challenges the principles them-
selves. It seeks to invent new principles and to test their
feasibility. Fluid Inquiry 1s characterized by frustration.
failure, and lack of consistent direction. Yet, it is the
Source of major scientific advances.

Until the present century, fluid inquiry was overshacd-
owed by stable inquiry. How fluid inguiry has emerred to
prominence. The importance of fluid inquiry has greatly in-
¢reased, but the schools continued to emphasize stable in-
quiry. The need, then, 1s to teach science as inquiry so
that the nature of scientific knowledge can be taught, iy
engaging the students inquiry they can learn about the na—
ture of scilentific knowledge.

One aspect of teaching science as inquiry is the utili-
zation of learning by discovery. Learning by discovery is
an lmportant part of Schwab's inguiry curriculunm. e sur-
gests that laboratory work, for instance, be desimned "to
lead rather than lag the classroom phase of science teach~
ing."“9 The student can engage in the investigation of sci-
entific problems, attempting to discover new ideas and rela-
tionships. As he discovers these new ldeas ang relationships,
the student will come to view all scientific knowledgre »2s
the result of discovery and inquiry. Principles and laws are
seen as "Formulations of the evidence made available by =&
series of inquiries."50 Tt is in this sense that learnine
by discovery leads to an understanding of the nature of the
knowledge discovered.

New Curriculum Proposals Utilizing
Learning by Discovery

Learning by discovery has been incorporated into many of
the new curriculum proposals. The National Council of Tench-
ers of Mathematies reports that the "discovery approach is
utilized invarying degrees by all the new programs {(in math-
ematics) and is a central theme in the UICSM (University or
Illinois Cormittee on School Mathematical) program.“51 Other
than the UICSM, the programs spoken of include the School
Mathematics Study Group (SMSG), the University of Marvland
Mathematics Project (UMMP), the Boston Collerme Mathematics
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Institute, the Rall State Teachers College Experimental Pro-
~rem, and the Developmental Project in Secondary Mathematicc
of Southern Illineis University.

Kersh®2 reports that both the Madison Project of Syra-
cuse University and the Unlversity of Illinois Arithmetic
Project UIAP) enmphasize learning by discovery.

ilany of Lhe new sclence curriculum projects employ
learnine by discovery. Lee53 reports that the 3iclomical
Jelences Curriculun  Study (33C3)  uses laboratory work te
lead students to make discoveries of their own. In addition
anny of Jehwab's iueas oninaquiry have been incorporated into
L0Co materials.®?  The Physical Science Study Committee has
zlso developed laboratory work which accentuates learning by
discovery.oo

Praserd0 reports that both the Chemical Ecucation ate-
rials Study (CHLT Study) and the Chemical Zond Approach Pro-
Jeect (CDA)Y utilize learning by discovery in thelr laboratory
worl.

Althourh all tiie curriculum precjects mentioned above
deal with either mathematics or science, DBruner states that
discovery methods are not necessarily limited to "such hiphly
formalized subjects....”"D7 lle cites some of the llarvard Cog-
nition Projects' experimental work on scocial studies as evi-
uerice ¢f the wide application that can be made of learninc
by discovery. At least certain aspects of English, as well
as some forms of skill, can be taumht by discovery methods.
“hese studles, of course, mive no idea of how wildely adzapta-
vle learninpg by discovery may or may not be for these areas,
A1l other attempts to leccate additional examples of subjects
or skills belny; taught by discovery were unsuccessful,

Instruction for Discovery

iluch of the literature on learning by discovery is con-
cerned with methods of instruction for discovery. However,
not all of the methods described in the literature satis?y
the two criterie of learnin: by discovery identified earlier
in this chapter. These two criteria are (1) that the learner
acnulre a new idea or concept and {2) that the acquisiticen
ol the new Information results from the learner's own mani-
pulation and reorganization of data.

lvidence of the satisfaction of these two criteris wo
obtained by selectings from the literature surveyved statement
tnat indicate that the criteria were met.

L on
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Thirty-six sources were identified. In attemptine to
identify the various methods of teaching for discovery an
analysis was made of each of the different ferms used in
these sources to identify and differentiate amons the varicus
‘dlscovery methods. Although most of these sources used nis-
covery 1n its generic sense, ten specizlized terms were used
to 1Indlcate different methods of teaching for discovery.
These ten terms are autcnomous discovery, cocncept attainment,
directed discovery, zuided discovery, independent discovery,
individually derived principles, inquiry, open-ended experi-
ments, self-discovery, and unverbalized awareness.

An analysis was made of the dlfferences among the meth-
cds of teaching for discovery defined ineach of ten sources.,
Perhaps the maln result of this analysis was the findineg
that the different methods of teaching for discovery could
be distinguished by a single factor, the amount of assistance
siven to the learner to aid him in making the discovery.
This ranged from presenting the learner with some data which
establishes a problem situation and askine him to seek an
explanation to a very carefully contreolled process in which
the data is presented in a set pattern organized in such a
way as to "lead" the learner to the discovery. The former
provides little 1f any direction for the Ilearner while the
latter virtually insures successful discovery.

Instructiornal methods may be classified by the amount
of assistance or direction that they provide for the learner.
When classified in this manner, instructional methods may he
conceived of as a continuum that ran-es from the extreme of
absolutely no assistance or direction for the learner to the
other extreme of outlininm indetail exactly what the learner
i1s to do.

In the case of absclutely no direction the learner 1=
left completely tc hls own devices. He determines his own
problem, selects his own data, and reaches or fails to reach
his own conclusions. The only direction is that which re-
sides in the situation itself, In the case of the opposite
extreme the learner 1s subjected fo as complete dilrection by
others as 1s possible. e is told when, where, what, why,
and how to learn. o decisions are supposedly left to him.

All methods of teaching for discovery llie between these
two extremes. Depending upon the varlous amcunts of direc-—
tion provided, they constitute a continuum of their own. The
examination of the ten terms used to designate methods of
instruction for discovery reveals that each of the ten terms
may be classified into one of three basic methods. The three
methods differ from each other in the amount of direction
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each provides for the learner. Each of the three basic meth-
ods of instruction for discovery 1s discussed below and a
list of several examples is given.

The Pirst Method--Auftonomous Discovery

In this type of teachlng for discovery the learner is
presented with a problem situation and little else except
instructions concerning standard procedures. The learner 1s
asked to find an explanation or solution but is not told how
to po about this task. The teacher or instructor does not
attenpt to encourage the learner to move in certain direc-
tions or adopt certain procedures or strategies.

The learner makes hilis own declsions about what kinds of
evidence to mather, what lines of 1nvestigation are to be
followed, and what the order of investigation will be. There
1s, however, some method of verification which the learner
can use to determine how well he is doing and when he has
made the discovery. These checks usually take the form of
testing the relevance of new data to the discovery souhht.59
As the learner determines the relevance of these new data to
the problem, he decides for himself what steps are to be

taken next.

No attempt is made to arrange or control the learninr
environment in such a manner that the learner is led to cer-
tain conclusions. The environment, rather, is unorganizec
or, to use a statistical term, randomized. In other words,
the learning environment is neutral as far as providing
"hints" or surgestions for discovery 1s concerned.

The Second Method--Culded Discovery

Guided discovery differs from autonomous discovery in
that the former involves processes which exert some influence
over the decisions and, consequently, the actions of the
learner as he attempts to discover an explanation orsolution
to the problem situation. "Hints" or suggestions are con-
tained in the learning environment. -

Hlormally these hints are provided in several ways. One
comimonly used method is to control the amount and type of
data made avallable to the learner as he seeks the solution
or explanation to the problem situation. The concept attain-
ment studies provide an excellent example of this tyre of
control in their use of positive and nepative instances of =z
concept beins sourht.59 Presenting all the needed data to

derive a concept can effectively influence the learniner nro-
cess, o
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A second way of aiding discovery 1is to control the se-
quence of data presented. By doing this the teacher or in-
structor can arrance the data so that they provide a lorical
pattern of steps leading to the dlscovery. In other words,
the sequence of data is organized so as to parallel the lo=-
ical sequence of the subject being taught. The learner, of
course, 1s unaware that the presentation of the data is care-
fully oredetermined.

By these two methods the learner 1s rulded toward the
deslired discovery. It is important, however, to note that
the learning environment is manipulated, not the learner.
The learner is, of course, indirectly influenced by this ma-
nipulation of his environment. Still, he reorganizes his
own cognitive structure and reaches hls own conclusions.

The Third Method--Directed Discovery

This method of teaching for discovery is extensively
planned by the teacher or instructor. Not only is the learn-
ing environment carefully controlled but the learner is also
told the nature of the concept he 1s to discover. Sometimes
the learner is taught part of a principle and 1s then asked
to discover the rest.

Generally both the type and sequence of the data pre-
sented to the learner are predetermined. The data to be used
are carefully chosen to provide hints about the concept to
be discovered. The sequence, likewlse, 1is deslgned to lead
directly to an understanding of the concept. Thus both the
type and sequence of the data are programmed to direct the
learner to the desired concept. These facets are so care-
fully planned that there 1s little chance that the concept
will not be discovered.

When data are presented to the learner, he 1is informed
that the data are, themselves, organized by either the con-
cept being sought or by a related concept. This focuses the
learner's attention on the data and directs his efforts to-
ward the detection of relationships among the data. The oth-
er two methods of instructlion for dlscovery do not assist
the learner in this manner. He has to discover for himself
that such relationships exist.

This method of teaching for dlscovery dilffers from ex-
pository or reception methods in degree rather than kind.
Whereas exposlitory methods usually commence with the gener-
alization and then present evidence as support, the discovery
method first opresents the evidence and then bullds toward
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the generalization. The learner nust identify the renerali-
zation for himself; it is never identified for him.

The intent of directed disceovery is to provide the
learner with a carefully structured series of data that in-
sures the efficient discovery of the concept. The declsicns
the learner must make about what steps to take next are 1lim-
ited to two or three possibilities by the data themselves.
The learner 1s, in this sense, directed to the discovery.

Summary

The purpose of this paper was to analyze learnins by
discovery in order to clarify its present meaning and use 1in
educational circles. The analysis revealed that interest 1In
discovery stems from two main sources: its use in the new
curriculum projects such as those described at the Woods
llole Conference, and the current interest in the psychclocy
of learning.

Learnine by discovery was found to have a single essen-
tial characteristlic which distinsuishes 1t from other forms
of learnine. The learner must acquire new insight by his own
reorderine or manipulation of data. In other words, he ai-
rects the course of his own learning. The definition cof
learnine by discovery developed 1s it is a process in whic~
the learner independently recrpanizes data or extends his
own cognitive structure so that he acquires new insight.

Three different methods of teaching for discovery were
identified. The first is autonomous discovery, characterizec
by the learner's creat freedom to conduct his own course of
discovery. The second is sulded discovery, characterized by
the teacher's or 1nstructor's power to control the type, &a-
mount, and sequence of data, the learner 1s told that the
data are organized so as to illustrate the concept beine
sousht .

Althouph no definitive study of the rationale of learn-
ine by discovery has vet been developed, several basic as-
pects of 1ts rationgle were identified., First, learnineg by
discovery challenses the assumptlion that someone other than
the learner himself can best direct the learnine process.
Second, discovery learning theory holds that the type of
t@ings a person can learn are determined, in large part, by
his level of copnitive development. Third, the ability cf
?he learner to verbalize an idea does not mean that the ide=z
is understood. Discovery must precede verbalization. Fourth
learnine by discovery establishes a transactional relation-
ship between the content discovered and the process of dis-
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covery itself. Thus learning by discovery, accordinz to
Taba, resolves the age~old problem of the relative importance
of content and process. Each is essential to discovery.

Three common aspects of the strategy of learning by dis-
covery were identified: discovery 1s initiated by a problenm
situation; the principle or generallzation to be learned 1is
withheld from the learner so that he must discover it for
himself: the learner directs his own actions in seekines and
reorganizing data tc lead him to the dlscovery.

The proponents of learning by discovery make six claims
for i1ts superiority:

1. It 1increases intellectual potency and copnitive
skills.

2. It possesses intrinsic motivation.
3. It teaches the heuristlcs of discovery.
4, Tt aids recall anc memory.

5. It makes learning more meaningful.
6. It promotes transfer of learning.

A review of the literature discloses that learning oy
discovery has been used to serve three broad purposes: to
teach subject matter content, to teach the heuristics of dis-
covery and ingquiry, and to teach the nature of the knowledge

discovered. In addition learnine by discovery can be used
for any two or all three of the above purposes.

The paper ends with a review of the curriculum rroposals
which utilize learning by discovery. The proposals were lim-
ited to mathematics and sclence. However, the proponents of
learning by discovery say it can be utilized wlth other types
of content. Research studies of discovery learnine have used
it to teach aspects of English, social studies, and some
forms of skill.

An annotated bibliography on discovery learning has been
prepared by the writer. The bibliopraphy describes over one
hundred major sources on the peneral toplie of discovery meth-
ods and is available from the writer on reaguest.
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