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The author, in a previous study,
analyzed and described learning by discovery (Stokes, 1966).
One facet of
the analysis
was the identification and classification of
the various
instructional
methods which have been used to
teach for discovery.
The purpose of this study is to evaluate the effectiveness of these methods of teaching for discovery.
Six advantages
claimed
for learning by discovery
¥'ere identified in the previous report. Since these advantages were reputed to result from learning by discovery,
they
may be used as criteria to evaluate the effectiveness of instructional methods used to teach for discovery.
These advantages will be used as sources for the derivation of the
evaluation
criteria used in this study.
The advantages
claimed for discovery learning were as follows:
It promotes meaningful learning.
It strengthens and extends intellectual
and cognitive skills.
3.
It is intrinsically motivating.
4.
It aids transfer of learning.
5. It teaches the heuristics of discovery.
6.
It aids memory processes.
1.
2.

potency

Data for the evaluation were obtained by a review of
the current literature on discovery learning.
Several characteristics of the studies reviewed limit the nature of the
evaluation presented in this chapter.
First, since many of
these studies
did not define their methods of teaching for
discovery adequately
enough for further classification,
it
was not possible to make an intensive study of the relative
effectiveness of the three
specific methods of teaching for
discovery.
However, a limited evaluation of the effectiveness of the three methods is presented, based upon data from
the five studies which contained adequate definitions of the
terms.
Second, most of the studies compared methods of
teaching for discovery with other methods
of instruction.
These other
nondiscovery methods may be distinguished from
the methods
of teaching
for discovery by the fact that the
nondiscovery methods provide
the learner with the generalization or answer relevant to the problem situation.
The methods of teaching for discovery,
on the other hand, require
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that the learner "discover" the answer or generalization for
himself.
Numerous terms are used for nondiscovery methods.
Among the most frequentlfused onffiare rote learning,
directdetailed methods, directed instructions, and directed learning.
The descriptions of the nondiscovery
methods of instruction were also not adequate enough to permit further
classification
according to various types of nondiscovery
methods.
Therefore,
data from these studies can be used
only to compare the effectiveness
of general rather than
specific methods of instruction.
Specifically the effectiveness of general
methods
of teaching
for discovery are
compared to general methods
of nondiscovery
instruction.
Only this broad two-fold
comparison is possible from the
data available.
From the above it can be seen that the evaluation of
the methods of teaching will
consist of two parts.
The
first part of the evaluation will be based upon a comparison
of the effectiveness of method
of teaching for discovery
and methods of teaching which do not involve discovery.
The
relative effectiveness
of the two diverse methods of
tnstruction were evaluated
in terms of the six criteria derived from the advantages claimed for discovery learning.
The second part of the evaluation
will consist of
applying the same six criteria used in the first part of the
evaluation to three basic methods of instruction for discovery. These basic methods are (1) the autonomous method, (2)
the guided method, and (3) the directed method.
In addition
to the six criteria used above, a seventh criterion, the efficiency of the three methods as determined by the length of
time and number of steps required to make
the discovery,
will be used. This criterion was not used in the first part
of the evaluation because the proponents of discovery learning concede that their methods
of instruction
require more
time and a greater number of steps than nondiscovery methods
of instruction.

Evaluation of the Relative Effectiveness of Methods of
Instruction for Discovery and Methods of Instruction
Which Do Not Utilize Discovery
In describing the instructional methods used in the
studies,
it would be more convenient
to use shorter terms
than the methods of instruction for discovery
and the methods of instruction which do not utilize discovery to
refer
to the two basic forms of instruction being evaluated. Therefore, the methods of instruction for discovery shall be referred to as discovery methods.
The methods of instruction
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which do not utilize discovery shall be referred to as
the
nondiscovery methods.
However, when a descript1 ve term, such
as rote learning, is used as the nondiscovery method
in
a
study, this term will be placed in parentheses
immediately
after nondiscovery method.
This is done to give the reader a
clearer idea about the nature of the comparison being ma~e.
Criterion

I -- Meaningful

Learning

The extent to which
learning is meaningful can only
be inferred, never directly determined.
The studies dealing
with this criterion
have used three means of inferring the
meaningfulness of learning.
First, they have used various
forms of achievement tests for this purpose.
Second, they
have observed the learner's behavior
in an attempt to find
clues of understanding and meaning.
Third, they have based
their estimates of meaningful
learning on the learner's ability to verbalize
about what he has learned.
Of these
three methods of inferring meaning
the use of achievement
tests is by nRr the most common.
In the review of the literature eleven studies were
located which attempted
to determine the influence of discovery on meaningful learning.
Brief descriptions and the
conclusions of these studies are reported below.
In a study designed to measure the effects of nondiscovery (rote) and discovery
methods on concept attainment, 70 high school or college subjects were administered
the
Hanfmann-Kasain
or Vigotsky
Block Test
(Carpenter,
1956).
The nondiscovery group memorized the generalization
appropriate to the task. The discovery group had to discover the same generalization through observation and manipulation of the materials and the testing of hunches.
The results of the study indicated that the discovery method leads
to more thorough understanding of the concepts than the nondiscovery method.
Charen (1963) compared the achievement of 268 students using both discovery methods
(open-ended laboratory
experiments) and nondiscovery methods
(the traditional laboratory
exercises found
in a standard chemistry laboratory
manual) .
While using the open-ended experiments the students we re expected to formulate their own conclusi on s , The
nondiscovery methods, on the other hand, used the laboratory
exercises to verify
generalizations
which the students had
already been taught.
The results of the study revealed that
the students showed significantly better knowledge of chemical facts and principles when
using
discovery
methods.
Tests of critical thinking in chemistry revealed no significant differences between the two methods.
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In a study of the influence of five different methods of instruction on learning, subjects were asked to identify which of five words did not belong with the other four.
The five methods of instruction varied
according to the amount of information given to the subjects.
Among the results of the study two are related to meaningful learning:
It makes for better learning if the learner proceeds by a method of active participation involving
self-discovery
rather than by a method of passive
participation involving
only recognition or identification of information previously provided tohim.
.. .. .. .. .. .. .. .. .. .. .. ..
.. . .. .. ..
The learner obtains as many or more facts, and discovers more correct reasons for them, by a process
of self-discovery than by a process of authoritative identification (Stacey, 1949).
Huxtable (1938) made a study to compare the achievement of 104 eighthand ninth-grade students in three areas
of English: vocabulary, reading comprehension and interpretation, and creative writing.
One group of students,
using
discovery methods, guided their own work.
The other group,
using nondiscovery methods, were provided with detailed instructions for their work.
The results of the study indicated that there were no significant
differences
in the
achievement of the two groups.
Much the same results were reported
by Grote in a
study comparing nondiscovery (direct-detailed) and discovery
methods of teaching physics.
The results
indicated that
"the group instructed by the direct-detailed
meth.od was superior to the directed discovery
group as measured by the
first initial learning test.
However, there was no difference between these groups when measured for initial learning follOWing the second lesson . . . ." (Grote, 1960).
In a related stUdy Moss (1961) Compared the effectiveness of nondiscovery (direct-detailed)
and directed discovery methods for teaching letterpress imposition.
He concluded that there were no significant
differences
in the
learning which occurred by either method.
Another study,
closely related to the two studies
above, compared the influence of the same two methods on the
learning of orthographic
projection principles
and skills.
The results
lead the author
to conclude that
"the directdetailed and the directed discovery
methods are equally effective
in regard
to the initial learning of orthographic
proj ect ion principles and sk i Ll s» (Rowlett, 1960).
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Research on the Inquiry Training
Program has also
failed to show that meaningful learning is increased by this
type of discovery method.
The results of an intensive study
of the Program indicate that there is no significant differences between the achievement of the experimental (discovery
method) group and the control
(nondiscovery method)
grvup.
Although there were some differences in favor of the experimental group in regard to the mastery of principles,
these
differences were also not significant (Suchman, 1962).
A comparative
study of the effects
of discovery
methods and nondiscovery
methods
(direct instructions)
on
learning was reported
by Ray (1961).
The subjects were
ninth-grade boys enrolled in shop classes.
The task consisted of learning to use the micrometer.
Basing his conclusions on test results,
Ray reported that there was no statistically
significant
differences
between
the
initial
learning of the discovery and direct instruction groups.
Kersh (19~8) attempted to deal directly with
themfluence of discovery methods on meaningful learning.
Defining meaningful learning as the increase in a leaLoer's cognitive understanding or organization,
Kersh's experimental
design involved three different methods of instruction:
a
guided discovery method,
a directed discovery method, and a
nondiscovery method.
Subjects using each of the three methods were confronted with the same task, the learning of two
rules of addition.
Based upon an analysis
of test data,
Kersh concluded "that the superiority of the d Iscovery procedure of learning over procedures of learning with external
direction is not adequately explained in terms of 'meaningful learning.'"
A later study by Kersh used basically
the same experimental design.
Although the major purpose of the study
was to examine the influence of discovery methods on motivation,
some highly
significant results are reported on the
relationship between discovery methods and meaningful learning. In stating his conclusions Kersh observed:
The data from this present experiment do not
support the generalization that learning by a process which involves discovery is necessarily superior to learning by more highly directed processes. Indeed,
these data suggest that under certain conditions
of learning,
highly formalized
"lecture-drill" techniques, ordinarily considered
sterile and meaningless,
produce better results
than techniques which
attempt to develop '''understanding."
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If it is
important
only that the
task be understood (as is most often the case, presumably),
the
essential
relationships
may be
learned most economically when taught by another
person or teachprogram,
not by process
or self-discovery
(Kersh,
1962).
A summary
of the
results
of
these eEven
studies
shows that three studies indicated
that learning
by discovery methods does promote meaningful
learning.
Six studies,
however,
found that discovery
methods
offered no advantage
over nondiscovery
methods.
And two studies indicated
that
meaningful
learning
is not attributable
to
the use of discovery methods.
These conflicting
results
lead to the general conclusion
that the question
of whether
or not nondiscovery methods
is unsettled.
The evidence
is inconclusive
so no decision may be reached.
Criterion

2

Intellectual

Potency

and

Cognitive

Skills

The survey of the professional
literature
in education failed to
uncover a single
experimental
study of the
effects of discovery
methods on the development
of intellectual and cognitive
skills.
Therefore,
no evidence
is available for an evaluation
by this criterion.
Criterion

3 -- Intrinsic

Motivation

Research
studies on the influence
of discovery
methods on motivation
are few in numbpr.
The review of the literature located only three studies dealing with this topic.
In a study conducted
primarily
to determine
the influence of discovery
methods on
meaningful
learning,
Kersh
also uncovered
some findings pertinent
to motivation.
He
found that on retests of achievement
the subjects
instructed
by discovery
methods showed substantial
increases.
Investigations into the reasons
for these increases
revealed
that
these SUbjects had continued
to work after the learning periods were over.
Evidence
of this fact was found in written
comments made by the subjects.
Several subjects
told
the
author that they had continued
to work on the discovery
problems, and one subject
even
tried out some of the problems
on his friends.
In explaining
the results of this study the
author reported
"that when the learner
is forced to rely on
his own cognitive
capacities,
it is more likely that he will
become motivated
to continue
the learning process
or to continue practicing
the task after the learning per Lodv (Kersh,
1958)
Kersh also concluded
that this increase
ln motivation was
responsible
fo< the superiority
in
achievement
of
dlscovery
methods over nondiscovery
methods.
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In another study closely related to the one just reported Kersh
limited his investigation
directly to the influence of discovery methods on motivation.
Three groups of
30 subjects were taught two rules of arithmetic.
One group
used discovery methods while the ot rer two groups used nondiscovery
met~ods
(directed learning and rote learning) .
All sUbjects were given tests of recall and transfer at the
end of three days, two weeks,
and six weeks.
The subjects
also completed a questionnaire at each of these three times.
The results of the recall
and transfer
tests revealed that
the discovery group did as well as the rote learning group
and did better than the directed learning group.
The questionnaire indicated
that the discovery
group continued to
practice the learning tasks after the formal learning period
had ended.
This led Kersh
to conclude
that" learning by
self-discovery is superior to learning with external direction only insofar as it increases student motivation to pursue the learning task.
If sufficiently motivated, the student may then continue the learning process autonomously beyond the formal period of learning." (Kersh, 1962).
Thus,
this confirms Kersh's earlier conclusion.
The third study, Suchman's research
on his Inquiry
Training Program, found that the discovery method had a definite influence on students' motivation:

I
I
I

I
I

Our main conclusion
from the test results and
from our experience with Inquiry Training in many
classrooms is that the technique in its present
form has a marked effect on the motivation, autonomy and question-asking fluency of children.
They
clearly
enj oy having the free,lQ;nand the power to
gather their own data in their quest for assimilation (Suchman, 1962).
Although
the evidence on the motivating effects of
discovery methods is limited to three experimental studies,
all three of the studies indicate that discovery methods are
intrinsically motivating.
Criterion

4 -- Transfer of Learning

The survey of the literature uncovered eleven studies of the influence
of discovery
methods
on transfer of
learning.
By transfer of learning is meant
the ability of
the learner to utilize information gained in an earlier situation
in a related,
but not identical,
later situation.
comparative tests of transfer resulting from discovery and
nondiscovery methods are reviewed below.
In 1947 Hendrix conducted
of different teaching
methods on

I
II

a study of the influence
transfer after a lapse of
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about two weeks.
One of the methods studied, the unverbal
awareness procedure, has been identified
as a discovery method. The results of Hendrix's investigation indicated that
"in every case the highest transfer effects were achieved in
the group taught by the unverbalized awareness (discovery)
procedure
and the lowest transfer effects came from
the group taught by . . • the method in which the generalization was stated first, then illustrated,
then applied to
new problems (nondiscovery method) (Hendrix, 1947).
Kersh's study of the influence of discovery methods
on meaning revealed
some significant
information about the
influence of these methods on transfer.
Transfer was measured four we~ks after the conclusion
of instruction by a
retest designed especially to measure the subjects'
ability
to apply what they had studied to a similar problem situation.
Each subject was required
to make a self-report of
the processes he used in attempting to solve his problems.
A comparison
of the tests
score and the self-reports led
Kersh to conclude that discovery methods
increase a learner's motivation, and this, in turn, results in learning that
"is more effectively
transferred
than when the learner is
not so motivated" (Kersh, 1958). Thus, indirectly discovery
methods improve transfer.
A study conducted by Haslerud
and Meyers (1958) investigated
the effects of given and individually derived
(discovered) principles
on transfer.
Each of 76 college
students used both methods.
Transfer was
measured a week
after all instruction ceased by means of tests on problems
similar to the ones studied.
The authors reported that the
wresults give strong support to the postulate •••
that independently derived (discovered) principles are more transferable than those given."
Rowlett's study (1960) of nondiscovery
(direct-detailed) and directed discovery methods included the investigation of the effectiveness of these two methods
for transfer. Subjects for the study were 168 ninth-grade students.
Half of them used nondiscovery
methods
and the remaining
half used discovery methods.
Based upon a comparison
of
transfer test scores, the author
concluded that the discovery method more effectively promotes transfer after a lapse
of six weeks than does the nondiscovery method.
Ray (1961) conducted a similar study of the effects
of directed-discovery
and nondiscovery
(directed-instruc_
tion) methods on the transfer
of knowledge of facts and
principles of and ability to use the micrometer.
The subjects were 1,700 ninth-grade boys. Transfer was measured by
a teacher-made test and by observation of the subject's performance six weeks after all instruction was concluded.
The
84

results
indicated that the directed
discove,y method was
significantly superior to the nondiscovery methoo in promoting transfer.
Kersh (1962) made a study of the transfer
value cr
teaching two rules of arithmetic by one discovery and two
nondiscovery methods (rote learning and directed
Learn t nq l.
Subjects
for the study were 90 high school geometry stlldents.
Transfer was measured by a test on problems similar
to those used during the learning period.
Each subject also
completed a questionnaire designed to determine the learning
processes used by the subject.
The test was administered
three days,
two weeks,
and six weeks after all instruction
was completed.
The results indicated that the rot.e learninq
group achieved the best transfer.
The discovery group, however,
showed better transfer
than the directe<1 learn i ng
group.
Kersh reports that the questionnaire i.nd
i crt.ed that
the di scovery group practiced its problems after t lieconclusion of the learning period.
This led Kersh to conclude
that this increased motivation of the discovery 0roup explains its superiority over the directed learning grolW.
Grote
(1960) compared the effectiveness of nond i s-.
covery (direct-detailed)
and directed discovery
methods in
promoting the transfer of selected principles of physics.
A
transfer test was developed
by the author and administered
to the SUbjects
one and six weeks
following instruction.
The results indicated that both methods were equally effective in developing transfer.
Moss (1961) compared the same two methods for effectiveness of transfer
of letterpress imposition.
Subjects
using
both methods were given forty-seven
minutes of instruction.
Transfer was measured by tests developed by the
author.
The author concluded that both methods were equally
effective in promoting transfer.
Craig (1953) made a study of the influence of four
methods of instruction on learning and transfer.
Only three
of these
methods may be classified
as discovery
methods.
Since the fourth method of instruction gave complete information about the generalization, it is classified uS a nondiscovery method.
Subjects t a uqht;by this method had only to
apply the generalization to the test. situation.
Basing his
conclusions of the analysis
of transfer test scor' s for the
four methods of instruction, Craig found that the nondiscovery method provided the highest level of transfer.
Subjects
given all relevant
information
showed better .ri'lnsfer
of
H5

learning than did subjects who had to discover all or part
of the relevant information.
In summarizing his evidence
Craig stated that "t.hemost reasonable interpretation of all
the evidence
available appears
to be that subjects of all
ages use and benefit
from all the help given
them in their
search for bases determining correct responses" (Craig,1953).
Hendrickson and Schroeder (1941) conducted an experiment to determine the influence of knowledge of generalization on transfer.
One group of subiects used discovery methods to obtain the generalization while the other group was
given the generalization.
Both groups were
considered to
have understood the generalization
only after they used it
successfully in three consecutive problem situations.
The
results revealed that the nondiscovery methods promoted better transfer of learning.
A study by Kittell
(1957) was designed to test the
relative effectiveness of three methods of instruction during learning on the transfer
of principles.
The group
taught by discovery methods was told only that a principle
was involved in their task. The other two groups were given
the principle.
The results of the study indicate "that furnishing learners with irtbrmation in the form of underlying
principles promotes transfer . . . of learned principles and
may provide the background enabling
future discovery of new
principles" (Kittell, 1957).
G£ the eleven studies of transfer
six reported findings in favor of discovery methods.
Two studies found no
difference between
the transfer
value of discovery methods
and nondiscovery methods.
Finally, three studies indicated
that discovery methods were inferior to nondiscovery methods
in promoting
transfer of learning.
Since the evidence is
conflicting,
no conclusion can be maQe in relation to this
criterion.
Criterion

5 -- Heuristics of Discovery

Only two studies of the effects of learning by discovery on the development of heuristics were located.
A
study conducted by Ashton compared the problem solving abilities of two groups of students.
One group used a discovery
method designed to make the studert:sself-directive.
The
other group used the "textbook method," a procedure in wh i ch
solutions to problems are first demonstrated by the teacher
and then the students are assigned similar problems (a nondiscovery method).
The results of the study revealed
that
the discovery method produced greater improvement in problem
solving than the nondiscovery method. Ashton concluded that
"students benefit by being allowed to find their own soluti,ons
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if thf'Y are helped sufficiently to give them directiul1 unu
to keep them working, but not so much as to k i l". i.n
i t t ut ive
(Ashton, 1962).
The second study was conducted by Suchman to evaluate his Inquiry Training Program which is specifically
designed to teach the heuristics of discovery.
In summarizing
the results of the Inquiry Training Program Suchman
states
that he was unable to "arrive at many firm conclusions either in relation to a theory of inquiry or the practical effects of Inquiry Training in a broad or long
range
sense
(Suchman, 1962). However, Suchman does report
that
the
questions asked by children in the Program improved
considerably.
The first study found that discovery methods
teach
the heuristics of discovery better than nondiscovery
meth')ds. The second study, however, failed to show that use of
a discovery method taught the heuristics of discovery. These
results, coupled with the fact that only two studies
WE"le
located, indicate that no conclusion can be made in regard
to this criterion.
Criterion 6 -- Memory Processes
The effectiveness of discovery methods in improvinq
memory process is stated in terms of their influence on retention. The survey of the literature produced eight studies which attempted to evaluate the effects of discoverym~
thods on retention.
Carpenter's (1956) study of the effects of two learning methods revealed that the functional or discovery method promoted greater retention than the nondiscovery (rote)
method.
A study by Rowlett (1960) compring nondiscovery (d~
rect-detailed) and directed discovery methods of
teaching
revealed that the discovery method was superior to the other
method in increasing retention of principles and skills.
In a study of the effects of independent
discovery
methods and nondiscovery methods, Kersh found that the independent discovery methods resulted in superior retention.
An analysis of self-reports made by the subjects of
their
learning processes and methods indicated that thoEe subjects
using discovery methods were motivated to continue to practice their work after the formal learning period was
completed.
This led Kersh to conclude that "the learning
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comes more permanent ...than when the learner is not so motivated (Kersh, 1958).
A later study of the effects of discovery methods on
motivation was made by the same author. The results confirmed those reported above: the superiority of discovery methods results from increased motivation.
The end result
is
that "the learner may then ..remember what he has
learned
longer ...'" (Kersh, 1962).
Ray concluded a study comparing discovery methods and
nondiscovery (direct instruction) methods.
He reported that
'-"the
directed discovery approach to teaching is superior
to
direct and detailed instruction with respect to retention of
material ... " (Ray, 1961).
A study by Grote (1960) failed to find any difference
in retention resulting from learning by directed discoveryan
nondiscovery (direct-detailed) methods.
A study by Moss (1961) of the same two methods
also
failed to find any significant differences in retention.
In a study comparing the effects of three methods of
instruction on the retention and transfer of principles, Kittell reported that "after periods of two and four weeks subsequent to training, the group receiving an intermediate amount of direction, a nondiscovery method, retained a greater
proportion of learned principles than the other two groups,
using discovery methods (Kittell, 1957).
Five of the eight studies reported that
discovery
methods aid retention.
Two of the studies found no difference
between discovery and nondiscovery methods
in promoting retention.
One study concluded that nondiscovery methods were
superior to discovery methods in aiding retention.
Although
the results of these studies tend to show that discovery aids
retention, they do not provide conclusive evidence.
Summary of the Relative Effectiveness of Discovery
and Norid Ls covery Methods of Instruction

Methods

Criterion I--Meaningful Learning.
data were found for this criterion.
Since Eleven sources of
the data confl ict,
there was not conclusive evidence that one
method
fostered
meaningful learning better than the other.
Criterion 2--Intellectual Potency and Cognitive
Skills. No data were available for an evaluation
by
this
criterion.
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Criterion 3--Intrinsic Motivation.
Three sources or
data were found for this criterion.
The data indicated that
discovery methods have better intrinsic motivation than nondiscovery methods.
Cri terion 4--Transfer of Learning.
Eleven sour ces of
data were located for this criterion.
Because the data are
conflicting, no conclusion could be reached
as
to
which
method better promoted transfer of learning.
Criterion 5--Heuristics of D'i aooverv , Only two sources
of data were found for this criterion.
Since the data were
ambiguous, no conclusion about the superiority of
e it he r
method could be reached.
Criterion 6--Improvement of Memory Processes.
Only
data relevant to retention were found. Eight sources
of
these data were located.
Although there was some
conflict
among the data, the evidence tended to favor discovery methods
over nondiscovery methods.
Of the six criteria used to evaluate
the relative
effectiveness
of the discovery and nondiscovery methods
of
instruction, no definite statement of the superiority
of
ei ther of these methods can be made. However, there was some
indication that discovery methods may be slightly more
effective than nondiscovery methods in regard to two
of the
criteria.
These criteria are the extent of intrinsic motivation and the promotion of memory processes.
Evaluation of the Relative Effectiveness of Three
Methods of Instruction for Discovery
Five studies of the effectiveness of various methods
of instruction for discovery were located by the survey
of
the literature on discovery learning.
These methods of instruction differ from each other in the amount of direction
provided for the learner as he attempts to discover.
Each
of the five studies used different terms to identify
their
methods of instruction for discovery.
In order to
compare
the results of the five studies it is necessary
to group
similar methods of instruction together.
This has been accomplished by organizing the methods according to three basic
methods of instruction.
Table 1 shows the classification of
these methods.
The sources of the methods are also indicated
in Table 1.
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In order to facilitate discussion,
st ruct i on.r I methods used in the five studies
to as aut.oriornou
s , guided, or directed rather
terms used in the studies themselves.
Thus,
me t hod wi I J be called the autonomous method,
Method A.

the var t ous inwill be relelIed
than
by
the
Bruner

I

E'

Handom

as will Stacey's

Table 1
Classification of Methods of Instruction
for Discovery Used in Five Studies

StUd~:.y
Brunera

Sechrest

d

sta,"eye
a

Basic methods of instruction Discovery
A_u_t_O_tl_o_m_o_u_s
G_U_i_d_e_d
D_i_l_e_c_t_e
Random

Ordered

Nonguidance

Guidance G

Guidance GX

No-help

Dl.-P2l..:ted-

r-e f er ence

Condition I

Conditions

Method A

Method B

II and III

Bruner, 1956

bCraig, 19"3
CKersh, 1958
d

Sechrest and Wallace,

1962.

eStacey, 1949

The three basic methods of instruction for discovery
will be evaluated by seven criteria.
The same six as
used
above in the evaluation of discovery methods and nondiscovery
me t bo d s wi Ll be retained.
The seventh criterion is the length of time and number of steps required for discovery.
This
criterion vas not used in the above evaluation
because
the
proponents of discovery methods conceded that their methods
cequired more time and steps than nondiscovery methods.
Because of i:he importance of time and the degree of complicaI: ion requ i r ed by an instructional method, it is important to
determine 'he relative efficiency of the three
basic dis<overy nleU·.d s in the RP respects.
For this reason
the
sevenr h c r ter .ior i IVa, "d0pted.
90

Criterion

1 -- Meaningful

Learning

Stacey (1949) compared the effects on achievement of
both the autonomous and guided methods of instruction
for
discovery.
Achievement was measured by two means:
(1)
Objective tests scores, and (2) the subject's ability to give
the proper reasons for the correct responses on the objective
tests.
The analysis of these data produced
ambiguous
results.
One set of test data indicated that the autonomous
method was superior to the guided method.
Two other sets of
test data indicated that there were no significant differences
in achievement under the two methods.
Criterion

2 -- Intellectual Potency and Cognitive

No data were available for an evaluation
criterion.
Criterion

by

this

bv

this

3 -- Intrinsic Motivation

No data
criterion.
Criterion

Skills

were

aVnilable for an evaluation

Ii

4 -- Transfer of Learning

A study by Craig compared all three basic methods of
teaching for discovery.
Since his study dealt with transfer,
he evaluated the methods in terms of their effectiveness
in
promoting transfer.
The subjects were 200 male college grad ..
uates.
The learning task consisted of discovering the principles which determined how four of five words in an item are
not related. The autonomous group was told only that
one
word did not belong with the other four. The items were presented to this group in random order.
Although the guided
group received the Same instructions as the autonomous group,
the order of the items presented to the guided group was organized so that all items based on the same principle
were
presented together.
The organization of the items presented
to the directed groups was the same as that provided for the
guided group.
However, the directed group was informed that
there were principles which determined the
relationships
among the words in each item, and that all items
based on
the same principle were grouped together.
Transfer
for the
three groups was measured by a test utilizing similar problems.
Of the three methods the directed method produced the
best transfer.
'''Theamount of transfer of training increases
as more and more clues are provided to aid discovery of the
bases for correct r-esporrses ;> (Cra iq , 1953}. The
results
also indicated that the more difficult a task,
the more
significant are the effects of increased direction on aiding
transfer.
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Kersh (1958) made a study comparing the influence of
the guided and directed methods on transfer.
The resultsm_
dicated that the guided method of instruction promoted better
transfer of learning than the directed method.
Since the results of these two studies are conflict~ng,
n0 c0nclus'on can be made about the relative effective_
'
ness of these methods.
L

Criterion 5--Heuristics of Discovery
No
criterion.

data

were

available for an evaluation

by this

Criterion 6--Improvement of Memory Processes
The data found are relevant to retention only.
The
study by Kersh (1958) reported under Criterion 2 also
compared the effects of the guided and directed methods of instruction on retention.
He concluded that the guided method
resulted in better retention than the directed method.
Criterion 7--Time and Steps Required for Discovery
In evaluating the effectiveness of two of the basic
methods of teaching for discovery Sechrest and Wallace (1962)
reported that the autonomous and guided methods were equally
effective in producing discovery in terms of the number
of
steps required to reach the sOlution.
Bruner (1956) reports a study in which
a comparison
was made of the efficiency of the autonomous and guided methods of instruction.
Subjects using the guided method consistently attained their discoveries faster and with
fewer
steps than the subjects using autonomous methods.
No conclusions about the relative effectiveness
of
the autonomous and guided methods can be reached
because of
the ambiguous nature of the data.
In summary, the data from these five sources
have
failed to establish, on the basis of the seven criteria used,
the superiority of one method over the others.
This conclusion stems from three facts:
(1) the scarcity of data,
(2)
the nature of the data (few studies compared all three methods), and (3) conflicts or ambiguity within the data.
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Summary
The effectiveness of methods of instruction for discovery have been evaluated.
The evaluation was divided into
two parts.
The first part compared the effectiveness of methods of instruction for discovery and methods
of instruction which do not utilize discovery.
The limitations of the
data did not permit specific types of methods of instruction
for discovery to be compared to specific types of methods of
instruction which did not utilize discovery.
The comparison
was made for the general methods of instruction fordiscovery
and the general methods of instruction which do not utilize
discovery.
The two diverse approaches to instruction were evaluated by six criteria derived from the advantages
claimed
for discovery learning. The six criteria are (1) the
fostering of meaningful learning, (2) the strengthening and extension of intellectual potency and cognitive skills,
(3)
the extent of intrinsic motivation, (4) the promotion
of
transfer of learning, (5) the teaching of the heuristics
of
discovery, and (6) the improvement of memory processes. Data
for the evaluation were gathered by a review of current literature on learning by discovery.
The results of the evaluation were largely inconclusive.
No definite statement of the superiority or lack
of
superiority of the methods of instruction for discovery
as
compared to the methods of instruction which do not utilize
discovery could be made for any of the six criteria.
Ho~~
ever there was some indication that methods of instruction
for discovery may be slightly more effective than methods of
instruction which do not utilize discovery in regard to intrinsic motivation and the promotion of memory processes.
The second part of the evaluation
compared the effectiveness of three basic methods of instruction for
discovery.
The three basic methods, the autonomous, the guided,
and the directed, were evaluated by the same six
criteria
used above.
In addition a seventh criterion, the length of
time and number of steps required for discovery, was
used.
Data for this evaluation were also gathered by a review
of
the literature on discovery learning.
The evaluation failed to establish the superiorityof
one method over the other two for any of the criteria
used.
The failure of the evaluation to find any method superior to
the others in relation to a single criterion is belived
to
result from three limitations of the data:
(1) the scarcity
of data, (2) the nature of the data (few sources compared all
three basic methods of instruction for discovery), and
(3)
conflicts or ambiguity within the data.
.
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