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STATEMENT OF FOCUS

The Wisconsin Research and Development Center for Cognitive
Learning focuses on contributing to a better understanding of
cognitive learning by children and youth and to the improvement
of related educational practices. The strategy for research and
development is comprehensive. It includes basic research to
generate new knowledge about the conditicas and processes of
learning and about the processes of instruction, and the sub-
sequent development of research-based instructional materials,
many of which are designed for use by teachers and others for
use by students. These materials are tested and refined in school
settings. Throughout these operations behavioral scientists,
curriculum experts, academic scholars, and school people interact,
insuring that the results of Center activities are based soundly
on knowledge of subject matter and cognitive learning and that
they are applied to the improvement of educational practice.

This Working Paper is from the Project on Variables and Processes

in Cognitive Learning in Program 1. General objectives of the Program
are to generate knowledge about concept learning and cognitive skills,
to synthesize existing knowledge and develop general taxonomies,
models, or theories of cognitive learning, and to utilize the knowledge
in the development of curriculum materials and procedures. Contributing
to these Program objectives, the Cognitive Learning Project has these
objectives: to ascertain the important variables in cognitive learn-
ing and to apply relevant knowledge to the development of instructional
materials and to the programming of instruction for individual students;
to clarify the basic processes and abilities involved in concept learn-
ing, and to develop a system of individually guided motivaticn for

; use in the elementary school. '
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INTRODUCTION

Background of the Problem

Dewey (1963) stated that '"the history of educational theory is
marked by opposition between the idea that education is developed
from within and that it is formation from without" (p. 17). Reference
to this conflict can be found in philosophical writings for the past
two thousand years. Each generation which has debated‘the question has
introduced its own assumptions, philosophies,and criteria toward its
resolution. The present generation, likewise, has examined the problem
from its own viewpoint.

Psychologists have reformulated the qﬁestion to ask "Which is
superior, discovery or expository learning?'" This question is amenable
to examination in laboratory settings. Research of this nature
has been in progress for over four decades. The results to date,
however, have been equivocal. Wittrock (1966) prefaced his review
of the research on discovery with the warning that the current state
of the research on discovery is very disappointing and precludes any

important conclusions about teaching and learning. Summarizing the

findings of the Conference of Learning by Discovery, Morrisett (1966, p.

concluded that "research on the topic of discovery . . . is relatively

ul
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impoverished . . . first in the range of variables which have been con-

sidered . . . [and second] in the subject matters that have been

studied."

The conclusion of the Conferemce on Learning by Discovery was that

even such a basic consideration as the definition of discovery was not

agreed on by the participants. Howard Kendler (1966) in his concluding remarks
at the conference pointed to the confusion and lack of communication

involved in the use of the word '"discovery" and called for its abandon-

ment. No one has, however, called for abandonment of research on the

basic question, which is the assessment of the effects on learning and
retention of various methods of presenting stimulus materials to

students in classroom situations. And it appears unlikely that the

word "discovery" itself will be abandoned, so the effort towards a

more universally acceptable definition must continue.

Problems in the Discovery Research

Wittrock (1966) classified the many problems associated with the
research on discovery learning into three categories: semantic in-
consistencies, conceptual issues, and methodological problems. This
paper will focus on methodological problems but it is well to realize
that semantic inconsistencies and conceptual issues permeate all
of the studies which will be examined and it might be well to outline
here Wittrock's characterization of these problems.

Semantic inconmsistenciles. The first semantic problem noted by

Wittrock (1966) is the lack of operational definitions and objective

indices for the term "discovery." The clearest evidence of this problem
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was the conference itself and the obvious confusion and lack of agree-
ment among the participants as to what they meant by "discovery."
Robert Glaser (1966) stated that discovery sequences are characterized
by two properties: inductive sequence and trial and error learning.
Gagné (1966) said that discovery involves inferring an internal
process of search and an internal process of selection, and
suggested that discovery could occur at each of the seven levels in
his hierarchy of learning. Kagan (1966) equated the "inferential
approach" with the discovery approach and stated that the discovery
method requires that the child infer a major principle "without
excessive guidance'" from an external source. Bruner's (1961)
definition of discovery was so broad as to "include all forms
of obtaining knowledge for oneself by the use of one's own mind"
(p. 22). Later in the same article, however, he narrowed his
definition of discovery to 'rearranging or transforming evidence
in such a way that one is enabled to go beyond the evidence so
reassembled to additional new insights" (p. 22). TFrom these
examples, it is obvious that scholars in the area have not
reached agreement.

A second semantic problem noted by Wittrock (1966) is that treat-
ments are labeled in terms of responses they are said to produce.

Wittrock objects to labeling treatments with words such as '"rote" and

"discovery" since they denote internal processes rather than stimuli.

Conceptual issues. Wittrock raised several issues related to the

conceptualization of discovery. The most cogent of these issues

are: (a) What criteria should be used? The variety of




dependent variables makes comparison of studies a difficult enter-
prise. (b) Should discovery be considered merely a way to learn subject
matter, or should it be an end in itself? Bruner holds that learning
to discover is at least as important as learning by discovery. This
question cannot be resolved by research, however. (c) What is dis-
covered or discoverable? This question remains unanswered and perhaps
cannot be answered by research.

These and several other questions and problems of this nature
plague the literature on discovery learning and render drawing any
kind of conclusions regarding teaching and learning exceedingly

difficult.

What is Discovered?

The question of the nature of what is discovered is epistemo-
logical rather than psychological but some assumptions about what is
potentially discoverable must be made before stimulus materials are
prepared and data collected. By examining the tasks used in the
studies reported in Chapter 2 of this paper it will be noted that
what 1is usually taken to be discoverable is what Gagné (1965) would
designate as a principle. Most studies required subjects to find a
rule or a heuristic of a complex nature.

For example, Katona (1940) used a task in which Ss had to discover
a rule for solving the "card-trick" problem. Ewert and Lambert (1932)
used a task in which Ss had to discover the general principle which
would allow them to complete the puzzle, involving the transfer of discs

among three circles, in the fewest possible moves. Craig (1953) used




a task which consisted in the elimination of a word which '"did not |
belong'" £from a group; Subjects (Ss) had to discover the grouping principle. |
In each of these examples, what Ss had to discover could be described
as a'principle. Likewise, what is taken to be discoverable in
almost all studies reported in Chapter 2 can bevclassified as a
principle a la Gagné.
This raises two problems. Since little research has been done
on principle learning per se, it is difficult to specify the dimensions
of these principles so that the relative difficulty can be compared across
tasks. Beyond this, it is difficult to control extraneous variables
when conducting discovery research, since little information is
available on variables which affect the learning of principles. A considerable
body éf data, however, has been accumulated on concept learning over the past
decades, and the nature of the variables which affect concept learning
is well understood. Research on discovery of concepts might, therefore, yield

more consistent results than research on discovery of principles.

Three Dimensions of Discovery Learning

Studies of discovery learning can be subdivided into three
groups: studies which have juxtaposed expository and discovery

2 " learning (e.g., Swenson, 1949; Thiele, 1938); studies which have
2, m
(@,

examined effects of amount of guidance (e.g., Craig, 1956; Wittrock,

@, 0 1963); and studies of the effects of verbalization on discovery

"’4‘vc;;’»

e learning (e.g., Hendrix, 1947; Gagné & Smith, 1962). A fourth
~d

Ao

o

Cf“ﬁ group of studies are those which have attempted to answer questions
et

Y regarding the motivational effects of discovery yersus expository

Py learning (e.g., Kersh, 1958, 1962). 1In these studies,
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however, motivational effects for the most part have not been isolated
from effects of ameunt of guidance and will consequently be reported
with studies of effects of amount of guidance.

The question might be raised as to the viability of a concept
learning task, as proposed in the last section, for researching these
dimensions. It will be pointed out in the next chapter that the lack of
specifiable dimensions of the tasks and stimulus materials used in previous
studies makes comparison of the studies or resolution of the contradictory
findings extremely difficult. This is especially true of studies examining
the effects of amount of guidance. Much of this difficulty could be
eliminated by the use of a concept learning task. Concept learning tasks
could be compared in terms of number of attributes of the concept to be
discovered, sequence and number of examples presented, ratiolof positive
to negative instances, cues provided per instance, etc. Findings would,
therefore, be much more informative than those of present studies where
non-specific labels such as "intermediate amount of guidance' are used.
Similar benefits in comparability of findings of various studies would
also accrue from the use of a concept learning task in the investigation
of general effects of expository wvs. discovery learning and of the

effects of verbalization on discovery learning.

The Case for a Standardized Task

Bruner, Goodnow, and Austin (1956) described a set of stimulus mate-
rials and tasks which became a standard for most of the research on concept

learning during the next 15 years. Bruner's paradigm and the materials

and tasks he utilized had many advantages. They were describable in exact

10




terms. Both what was varied and what was controlled could be exactly
specified. Widespread use of the paradigm resulted in a large body
of comparable data in a series of replicable studies, and in findings
which were, therefore, verifiable. The area of discovery learning
lacks such a well-specified task. It will be one of the functions

of this paper to specify what such a task might be.

Purposes of the Paper

This paper has three purposes:

1., To provide a representative review of the literature on
discovery learning. In this review, the focus will be on
the methodology of each study, with particular emphasis on
independent and dependent variables, questions asked by the
study, and legitimacy of the findings.

2, To provide a summary of the findings and conclusions that
may be legitimately drawn from the research reviewed.

: 3. To describe a standardized task that may be used in

future studies of discovery learning.

11




II

RESEARCH ON LEARNING BY DISCOVERY

Research on the effects of learning by discovery has been conducted
over the past four decades. The following review will not attempt to
be exhaustive since many reviews of the research have appeared, the
latest being that of Wittrock (1966). This review will concentrate
instead on a representative selection of studies which will illustrate
the kinds of questions asked and the methodology of the studies which
sought to answer these questions.

It is possible to divide the experiments performed into three
groups on the basis of the independent variables examined: discovery
vs. non-discovery methods of presentation; amount of guidance; -and
verbalization or no verbalization. Most of the studies reviewed
measured either retention or transfer or both. Exceptions to this will
be pointed out in context. For most of the studies reported here the
independent and dependent variables will be noted. 1In additiom, the

tasks employed, type of subject, duration of learning, and retention

intervals will be recorded for whatever light they may shed on the

results obtained.




Discovery vs. Non-Discovery

A number of studies have examined the question of whether discovery
methods of presenting material produce higher scores on tests of retention
and transfer than expository or rote learning methods. In one of the

earliest experiments of this kind, McConnell (1934) used Second Grade

Ss in a 7-month study. The stimulus materials were 100 addition
and 100 subtraction facts. The methods were: Authoritative, in which
Ss were told to memorize the facts, and Discovery, in which Ss were told
to discover'the generalization involved in the task. The results
showed the Authoritative method to be best on speeded retention, but
discovery to be superior on tramsfer tests.

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

subjects were again Second Graders. Treatments were Generalization,

in which Ss were told to look for a generalization, and Drill in which
facts were presented without any attempt by E to relate them to each
other. Training time was 7 weeks. Performance of the Generalization
group was superior on all measures of retention and transfer.

Katona (1940) used a somewhat different task: Ss, graduate students
in psychology,'were assigned to one of three groups. Ss in the Memori-
zation Group were told the correct sequence of cards reqﬁired to perform
a trick; Ss in the Uﬁderstanding Group were told the Way in which the

solution could be derived; Ss in the Control Group received no training.

Training time was 4 minutes. Results showed the Memorization G&roup

to be superior on a test of immediate retention, while the Understanding
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Group was superior on a test of transfer to similar problems. Both

groups were superior to the Control Group. The results were replicated

in a second experiment, with one additiomal result. On a retest 4

weeks after training, the Understanding Group was superior both on

memory and transfer.

Swenson's (1949) Ss -were Second Grade students. The task was
learning 100 addition facts and the duration of training was

16-1/2 weeks, with lessons of 25 minutes each day. Treatments were:

Generalization Method, encouraging the students to build up inter-
relationships; Drill Method, presenting facts in miscellaneous
order; and Drill-Plus Method, duplicating'standard teaching procedures.
This included manipulation of objects in addition to drill omn facts.
Results showed little difference among groups on initial learning, but
the Generalization group was higher on both retention and transfer.
Anderson (1949) used Fourth Grade students and applied his treat-
ments to the material taught in the regular math curriculum from
November through ilay. Treatments were Drill and Meaning methods,
eSSenﬁially the same as the Drill and Generalization methods described
in the Swenson study. On standardized¢ arithmetic tests he found no
differences among groups as a function of method of teaching. Since the
tests were administered on the materials bresented during the year
this can be considered a test of retention. A test of mathematical
thinking, which can be considered a transfer test, was also given. $s of
high ability but inferior achievement, who had received the Meaning

method of training, performed best on this test.

10
14 -
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The general, though by no means universal, finding of these studies
appears to be that discovery methods are not superior to rote or drill
methods when the criterion is immediate learning or short—-term retention
but become superior when the criterion is either long—~term retention or
transfer. The findings of these studies do not appear to be related
to task, age of Ss, or length of training time.

It is possibie to speculate on the sources of effects due to

presentation method. In the drill methods, facts were presented to

Ss. Their task was to remember these facts. The task for Ss in the

generalization érOups was to find a generalization. Since the task
differed between groups they may have held different expectations

about the test and would be prepared to answer;different questions.
Learning Qf a generalization should produce better performance on a
transfer test than merely learning facts. No experiment was performed

to measure differences among Ss who discovered a gemeralization, Ss who
were given a generalization, and Ss who learned facts alone. Such a
comparison might suggest how much of the effect was due to Ss discovering a

generalization as opposed to Ss using a generalizationm.

Amount of Guidance

>

By far the largest group of studies dealing with discovery have
examined this independent variable. Ewert and Lambert (1932) varied
amount of guidance using four treatments. Mefhod 1 gave Ss the objectives
of the problems and rules of procedure. Method 2 also gave Ss objectives
and rules and, in addition, asked Ss to find one general principle
applicable to all problems. Method 3 gave Ss objectives, rules, and

11
15



general principles. Method 4 added a demonstration to the procedures
of Method 3. The task was a puzzle requiring the movement of grad-
uated discs among three circles (similar to the classic "Towers of

Hanoi'" problem). Results showed greater guidance to be most effective;

the methods, in the order of increasing superiority, were 1, 2, 4, 3.
The dependent variables were time to criterion and number of moves.

Stacey (1949) used Sixth Grade Ss to compare the effectiveness-
of five methods, two of which could be characterized as discovery
methods and three as authoritative methods. Amount of guidance
varied among the five methods. The task consisted of elimination of
one word that ''did not belong'" from a set of five words. Although
the conclusions drawn favored discovery methods and minimum guidance,
few of the findings reached a .05 level of significance.

Craig (1953) uséd a task similar to Stacey's. Ss were males,
recent college graduates who were being commissioned as second
lieutenants in the U. S. Air Force. Four levels of guidance were
used: 2zero clues, (Group Z); grouping of stimulus material to
maximize discovery of relationships (Group G); information that the
stimulus material was grouped according to some principle, (Group GX);
and a fourth treatment where Ss, in addition to the receiving the
information given to Group GX, were told the grouping principle
(Group GXP). Results showed that number of errors to solution of
the problem was inversely related to amount of guidance. Amount
of transfer increased in direct relationship to the amount of
guidance. In a second study, Craig (1956) used college Ss. The

task was similar to that used in the previous study. The treatments

12
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consisted of eithgr no clues (Independent Group) or a short general
statement of the relationship among the items kDirected Group). The
Directed Group was superior on a test of initial learning and on a
retention test administered 31 days later, but not on a retention
test administered 3 and 17 days after completion of the task. No
differences were found between the groups on a transfer test.

Kittel (1957) also utilized a task similar to Stacey's and Craig's
but with Sixth Grade students. Three levels of guidance were labeled
Minimum, Intermediate, and Maximum. The Intermediate Direction group
used in this study appears to be equivalent to the GXP (maximum
direction) group in the Craig (1953) study and the Directed Group
in the Craig (1956) study. Results showed the Intermediate Direction
group superior on all measures of retention and transfer.

Corman (1957) also varied amount of guidance using the Katona
matchstick task (Kapona, 1940). Tweifth Grade students were Ss in this
study. The results indicated a complex set of interactions among
mental ability, kind of information given, and dependent measures.

Haslerud and Meyers (1958) used a code deciphering and enciphering
task. Ss were college students. Treatments were No Directions regarding
the code and Specific Directions regarding the code. The No Direc~
tion group was found to be superior on a transfer task. The validity
of the analysis has, however, been disputed many times, e.g.,

Wittrock (1966), Crombach (1966).

Wittrock (1963) also examined the effects of varying amounts of

guidance on a discovery task. Using college Ss and a code deciphering

task, he formed four groups, varying in degree of guidance: Rule

13
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given, Answer given (RgAg); Rule given, Answer not given (RgAng);
Rule not given, Answer given (RngAg); and Rule not given, Answer

not given (RngAng). On initial learning, the RgAg and RgAng groups
were significantly better than the other two groups, but did not
differ from one another. On a combined test of retention and
transfer, RgAng was significantly better than RgAg and RngAng.
Wittrock interpreted these findings as evidence that maximal guidance
produces greatest initial learning, while an intermediate amount of
guidance produces greatest retention and transfer.

Forgus and Schwartz (1957) attempted to test the validity of
earlier Katona studies using a new 26-symbol alphabet. Female
college students served as Ss in this study. Three treatments
were used. In Treatment O, Ss were told the principle underlying
construction of the alphabet; in Treatment P, Ss were told there was
a principle and were asked to describe it; and in Treatment M, Ss
were gsked to memorize the alphabet. Both P and O groups, *though
not significantly different from each other, were significantly
higher than Group M on both retention and transfer tests one week
after training.

Kersh (1958, 1962) has conducted two studies varying the amaunt of
guidance. In the 1958 study, Kersh compared the effects of three
treatments: No Help, Direct Reference (Ss were given perceptual
aids), and Rule Given. The task consisted of verbalizing
mathematical generalizations and applying them to new problems.

Ss were college students. The dependent measures were retention,
transfer, and the heuristic which Ss used to solve problems on a

retest. The data failed to support the hypothe¥is that the Direct

14




Reference Group would be superior on a test of retention and transfer. An
additional finding of interest was that among 13 Ss in the No Help Group
who failed to discover the rule during the learning period, 10 used
acceptable methods when retested 4 weeks later. This is in contrast
to the other treatment groups in which there was a decrease in use of
acceptable methods from test to retest. Kersh attributed this to a
differential motivational level as a function of treatments and concluded
that motivation was a more important factor than understanding in the
effects of discovery learning. Kersh's second study (1962) was designed
to examine this motivational effect. The task was the same as in
the previous study but Ss were high school students. Three treatments
were used: Directed Learning, Guided Discovery, and Rote Learning.
Ss in the Directed Learning Group were given programmed booklets
which presented the mathematical rules and explanations of the rules.
Ss in the Guided Discovery Group discovered the explanations under a
Socratic method of teaching and were presumed to be most highly
motivated. Ss in the Rote Learning Group were apparently not given
an explanation of the rules. Results showed the Rote Learning roup
to be superior on all measures to the other groups. The Guided
Discovery Group was superior to the Directed Learning group on all
measures. Kersh's characterization of the Rote Learning treatment
is rather difficult to accept, however, and 1t is the authors' opinion
that the Rote Learning Group may, in fact, have been a "pure" discovery
group.

Gagné and Brown (1961) assigned Ninth and Tenth Grade boys to three

experimental groups: Rule and Example (R & E), Discovery (D), and Guided

15
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Discovery (GD). The task consisted of learning to sum s«veral number
series. The GD Group performed significantly better than the D Group
and the R & E Group; the D Group, however, performed significantly
better than the R & E Group.

Grote (1960) used Eighth Grade Ss. The task consisted of learning
the principles of simple machines. The independent variables were
method of presentation and sequence of presentation methods. Two
methods of presentation were used: Direct-Detailed in which S was
told all £ wanted him to know (an expository method); and Directed
Discovery in which a minimum of basic information was given, followed
by leading questions. Each § learned two principles and the methods
of preéenting the two prihciples varied systematically so that there
were four conditions: Direct-Detailed, followed by Direct-Detailed;
Direct-Detailed followed by Directed Discovery; Directed Discovery
followed by Direct~Detailed; and Directed Discovery followed by
Directed Discovery. A test of immediate acquisition after completion
of the lessons on the first principle showed the Direct—Detailed method
to be superior. Subsequent tests of retention and transfer showed
several unexplainable interactions between sequence of method of
presentation and retention interval; but no identifiable pattern.

Moss (1960) used the same independent variables: Direct-Detailed
and Directed Discovery. Ss were junior and senior high school students.

“The task consisted of learning the technique of letterpress imposition.

This task requires the arrangement of pages of type to be printed on

one side of a sheet so that when cut, folded, and trimmed, they will fall
in numerical sequence. Six measures were obtained: initial learning,

retention after 1 week, retention after 6 weeks, immediate transfer,
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transfer after 1 week, and transfer after 6 weeks. There were no significant
differences between the presentation methods on any of these measures.
Tomlinson (1962) found some intriguing, if unexplainable, inter-
actions between presentation method and type of taest and between method
of presentation and grade of Ss. Tomlinson used Junior and Senior High
School students"and the task consisted of 'learning information concerning
the metallurgy of carbon steel. Four methods of presentation were used:
an Inductive Method (I) in which Ss were given examples followed by
generalizations; a Deductive Method (D) in which Ss were given
generalizations first, followed by examples; an Inductive~Discovery
Method (ID) in which Ss were given examples, generalizations and ques-
tions; and an Inductive-Discovery-Confirmation method (IDC), in which Ss were
given examples, generalizations, questions, and answers. Results were
complex and difficult to interpret. On a test of immediate acquisition,
using a true/false test, the I and ID Groups were significantly better
than the D group, though not different from each other. When a multiple-~
choice test was us2d, however, the I Group was significantly better
than all others and the D group was significantly better than the ID
group. On retention and transfer tests administered 1 week after
completion of the lessons, no differences were found as a function of
method of presentation. An interaction between class and presentation
method was, however, noted. The ID method was better for Junior High
School Ss and the IDC method was better for Junior High School Ss. On a
test administered 5 weeks later the IDC Group was found to be signi-
ficantly inferior to all others and the I Group significantly better

than the ID Group. No interaction with ability level was noted.
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The authors find it impossible to reconcile the results of the
studies just cited. One may find some evidence for the superiority
of none, some, or much guidance. 'Althougﬁ more evidence appears to
indicate  that some guidance produces better retention and transfer,
it would appear on closer inspection that kind rather than quantity
of guidance is most important. Tﬁis is suggested very strongly by
five of the studies just cited. The superior group in the Ewert
and Lambert (1932) study had been given the objectives, rules,-and
general principles. The superior group in the Craig (1953) and
Kittel (1957) studies had been given the grouping principle. In
the Craig (1956) study the Ss who scored highest had been given a
statement of the relationships among the items. Of the two groups
which performed best in the Forgus and Schwartz (1957) study, one
was told the principle underlying the construction of the new
alphabet, the other was told to find the underlying principle. From
these studies then it would appear that giving a rule or principle
has a strong effect and that the important variable is the kind of
information, rather than the amount of guidance. This suggests the
necessity for a more detailed description of the task, stimulus
material, and kind and amount of guldance in preparing and reporting
studies. A experiment might be suggested in which kind and amount
of guidance are separated to assess the relative contribution of
each. It is likely, too, that the type of task (e.g., iduntifying a
concept as opposed to learning a skill)will also interact with both

kind and amount of guidance..




Effects of Verbalization on Discovery

Only three studies to date have examined the effects of verbalization
on discovery. Hendrix (1947) used High School and college Ss and three
treatments. In Method 1 Ss were told the principle. In Method 2 Ss were
given a series of problems leading to discovery of ehe principle, but
were not asked to verbalize it. Method 3 required Ss to verbalize the
principle. Differences among the groups were not significant, but
appeared to favor the non-verbalizing group. Schwartz (1948) examined
the importance of verbalization in concept formation and found that
most Ss who learned the concept and who could transfer to another
sorting concept using the same principle were unable to verbalize the
principle they were using; that unsuccessful attempts at verbalization
negatively affected performance on suBsequent tasks; and that those who
could verbalize the principle were successful on subsequent tasks. Gagné
and Smith (1962) used the three-circle problem used by Ewert and Lambert
(1932) and examined the effects of verbalization and solution set (in-
struction to search for principle). Results showed no effects of solution
set but the verbalization groups were significantly superior on number of
moves and time to criterion. Not enough data are yet at hand to warrant

conclusions about the effect of verbalization on discovery learning.

Summary

The literature to date has shown that discovery learning is superior
to rote learning on measures of long-term retention and transfer but not

superior on measures of immediate acquisiton. When the dimensions of
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amount of guidance and verbalization are introduced, however, -complex
interactions between stimuli and as yet undetermined variables appear

to occur such that definitive statements are unwarranted at this time.
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III

SUMMARY AND IMPLICATIONS

Summary

Two findings emerge from the studies cited in the previous chépter.
It appears that method of presentation does differentially affect per-
formance on tests of immediate acquisition, retention, and transfer.
The general finding is that discovery is not better than rote or
expository methods of presentation when the dependent variable is
immediate acquisition of the material presented. Discovery usually
produces better scores on retention and transfer tests than rote or
expository methods.

The second finding of some consequence is that amount of guidance
has a significant effect on performance on tests of immediate acqui-
sition, retention and transfer. Most studies have found that an inter-
mediate amount of guidance produces best performance. Thé authors
feel, however, that the important variable in fheée studies was not
the amount of guidance but the kind of information given. This
assertion can be empirically tested.

There are enough indicators of the positive effects of discovery
methods of presenting stimulus materials to give encouragement to
those who advocate the use of discovery methods in the classroom.

For psychologists and others who wish to understand or explain,




-

rather than use the results of the research to date much disentangling

of variables remains.

Implications for Future Studies

Attributing effects.to method of presentation when the method of
presentation is described b& such broad terms as 'discovery," 'generaliza-
tion," "inductive," and "rote learning'" must be dissatisfying to any
behavioral scientist. The logical ques_tioﬁ which follows is "What is
it about this presentation méthod that' affects the results?" An
answef such as "Why, it's because the child discovered the answer
himself; that's why he remembers better," will not suffice. The answer
is non—explanatoff. Several clues are offered by -the summarizing
remarks in this and the previous phapter. as to the way in which one
might proceed. For instance,'the'early studies suggested the |
superiority of the Generalization method. 'The authors have noted the'
absence of a study to test whether discovery of a generalization is
necessary or wbether simply Haviné one is sufficient to produce the superior
results.. Resulﬁs of the e#périments on amount of guidance would suggest that
the latter is a very imp;rtant variable. The relative effects of
kind and amount qf guidance need to be assessed.‘

Beyond tﬁis conﬁinued investigation of details, a more fundamental
examination of ;#e entire question ié needed. A number of writers from
Rousseau .to Bruner haye suggested that the motivational effects of
learning by discovery éré of a positive nature. With the exception
of Kersh's studies, which are certainly not conclusive, no one has

seriously investigated this variable. . It is generally ignored and
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is maintained as a confounding factor in most studies. Other
important variables which have remained largely unexamined and uncontrolled
are the kind of task and its interaction with the total stimulus

situation, the history of the Ss, and the measuring iustruments.

A Standardized Task for Discovery Research

In the first chapter of this paper the need for a standardized
task was noted. At this point, having reviewed a number of studies
representative of the literature in the field, it is possible to
specify fprther what the nature of that task might be. It was noted

that in many studies the subjects in the various experimental

groups were given different tasks. For example, in the Swenson

(1949) study, Ss in the Drill group were required to remember a series
of addition facts: Ss in the Generalization Group were required to
find a genefalization. At the end of the experimental treatment the
two groups had learned two different kinds of responses. It is hardly
surprising that they should‘perform differently on subsequent tests.
It is-véry difficult to justify attributing performance differences in
such studies solély to method of ﬁresenting the materials. Differences
may be wholly or in great part due to the differences in the content
of what the child has 1earned, not in how he learned it.

Fof a ﬁeaningful comparison petween methods 6f presentation,
Ss in all experimental conditions must have the séme task. For

example, suppose the concept quadrilateral is presented. The relevant

attribute of quadrilateral is ‘"four sides and only four sides."

The task for the discovery group should be to discover that a figure
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calledla quadrilateral has four and only four sides and 8s in that
group should have this information by the end of the lesson. The
task for the expository group should be to learn that a figure called
a quadrilateral has four and only four sides, and Ss in that group
should have this information by the end of the lesson. What is
necessary, then, is that both kind and degree of original learning
must be equated at the end of the lesson or presentation. If this
1s so then subgequent differences in forgetting rate, etc., can be
attributed solely to the method of presenting the material.

This kind of control of stimulus materials is not easily achieved
when the task involves principle learning. If a concept learning
task is chosen, much more control over the materials is possible and
greater knowledge of important Variabies 1s at hand. For instance,
number of examples, ratio and sequence of positive and negative
examples, amount and kind of feedback have all been shown to be
powerfui variables in the concept learning literature. Each can be
held constant or systematically varied in presenting a concept by
either the expository or the discovery mode.

The following example of a task used by :Scott (1970) in a study of

discovery vs. expository learning may clarify this recommendation. The

concept to be learned was quadrilateral. The relevant attribute was

"four sides and only four sides'". Size, shape, orientation, and relative

lengths of the sides were irrelevant attributes. The task for both

discovery and expository groups was to learn to recognize and to produce:

1. examples of the attribute '"four sides and only four sides"

2. examples of the concept
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3. non-examples of the concept

4.  the name of the relevant attribute of the concept

5. the concept definition
Twelve examples were used under both the discovery and expository
methods, eight positive examples and four negative examples} The
sequence of presentation of positive and negative instances was the
same for both methods of presentation, i.e., +, -, +, —-, +, +, +,
-y +, -, +, +. Exactly the same examples were given under each
presentation method. The difference between presentation methods
occurred in the statement accompanying each example. Under the
expository method, the example was accompanied by a statement such
as: "Look at this figure. It has four sides. Count them."
Under the discovery method, each example was accompanied by a statement
such as: '"Look at this figure. How many sides does it have?

Count them."

.Thus, the essential difference between the modes of
presentation was the point at which the relevant attributes of the
concept were pointed out to S. In the expository group the relevant
attributes were given first and then as each example was presented,
the relevant attributes were again pointed out. In the discovery
group Ss had to induce and hypothesize the relevant attributes as

each example was presented. Their hypotheses were not confirmed and

the relevant attributes were not named until all examples had been pre-

sented. When materials and tasks are specifiable in this manner the differences
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between presentation methods are much more easily understood and the
findings of various studies more comparable than those now in the
literature.

That this is a vieble task for studies comparing discovery vs.
expository methods of presenting materials is clear from the previous
example. Its worth becomes even more clear in relation to its possible
use in studies of the effects of amount of guidance. The contention of
the authors is that the kind of information given is at least at
important as the amount. Several kinds of information might be given
to guide the learner in discovery of a concept--the number of relevant
attributes, a description of the relevant attributes, examples of the
concept, or the concept definition. Both the number of cues and kind
of cues given should be noted.

With regard to the study of effects of verbalization on discovery
learning or expository learning, this type of task is no less viable.
Verbalization may be required for relevant attributes or for concept
definitions discovered by or told to Ss. What is verbalized may or
may not affect what is learned, but when what is verbalized can be
more exactly specified under a paradigm such as this, the findings

will be more informative and useful.

Measurement of the Effects of Discovery Learning

In comparing the effects of expository and discovery methods of
presentation, it was noted that expository methods were superior when

the criterion was short-term retention, while discovery methods were
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superior when the criterion was long-term retention or transfer. This
suggests that several dependent measures should be used in discovery
research.

If the standardized concept learning task described earlier in
this paper were utilized, short- and long-term retention of various
types of information could be systematically tested by items developed
according to a schema proposed by Frayer, Fredrick, and Klausmeier
(1969). This schema consists of 12 clearly defined tasks which can
be used to test knowledge of a given concept;

Transfer could be tested by using different methods of presenting
one concept to two different groups, then presenting a second concept
to both groups by one 6f the methods. Differential performance on
the second concept would indicate transfer due to method of presenting
the first concept.

Use of the standardized learning task and measures of initial
learning, retention, and transfer could lead to more definitive
results concerning the relative effects of expository and discovery

methods of instruction.
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