IOWA STATE UNIVERSITY

Digital Repository

Iowa State University Capstones, Theses and

Retrospective Theses and Dissertations . .
Dissertations

1981

A Piagetian experiment with the concrete-inquiry
instruction model for acquisition and transfer of
hypothetic-deductive scientific reasoning

Hyung Huh
Towa State University

Follow this and additional works at: https://lib.dr.iastate.edu/rtd

b Part of the Curriculum and Instruction Commons

Recommended Citation

Huh, Hyung, "A Piagetian experiment with the concrete-inquiry instruction model for acquisition and transfer of hypothetic-
deductive scientific reasoning " (1981). Retrospective Theses and Dissertations. 6918.
https://lib.dr.iastate.edu/rtd/6918

This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at lowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University

Digital Repository. For more information, please contact digirep@iastate.edu.

www.manharaa.com



http://lib.dr.iastate.edu/?utm_source=lib.dr.iastate.edu%2Frtd%2F6918&utm_medium=PDF&utm_campaign=PDFCoverPages
http://lib.dr.iastate.edu/?utm_source=lib.dr.iastate.edu%2Frtd%2F6918&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd?utm_source=lib.dr.iastate.edu%2Frtd%2F6918&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/theses?utm_source=lib.dr.iastate.edu%2Frtd%2F6918&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/theses?utm_source=lib.dr.iastate.edu%2Frtd%2F6918&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd?utm_source=lib.dr.iastate.edu%2Frtd%2F6918&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/786?utm_source=lib.dr.iastate.edu%2Frtd%2F6918&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd/6918?utm_source=lib.dr.iastate.edu%2Frtd%2F6918&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digirep@iastate.edu

INFORMATION TO USERS

This was produced from a copy of a document sent to us for microfilming. While the

most advanced technological means to photograph and reproduce this document

have been used, the quality is heavily dependent upon the quality of the material
submitted.

The following explanation of techniques is provided to help you understand
markings or notations which may appear on this reproduction.

1.

The sign or ‘target’” for pages apparently lacking from the document
photographed is ‘“Missing Page(s)’. If it was possible to obtain the missing
page(s) or section, they are spliced into the film along with adjacent pages.
This may have necessitated cutting through an image and duplicating
adjacent pages to assure you of complete continuity.

. When an image on the film is obliterated with a round black mark it is an

indication that the film inspector noticed either blurred copy because of
movement during exposure, or duplicate copy. Unless we meant to delete
copyrighted materials that should not have been filmed, you will find a good
image of the page in the adjacent frame. If copyrighted materials were
deleted you will find a target note listing the pages in the adjacent frame.

. When a map, drawing or chart, etc., is part of the material being photo-

graphed the photographer has followed a definite method in ‘‘sectioning”
the material. It is customary to begin filming at the upper left hand corner of
a large sheet and to continue from left to right in equal sections with small
overlaps. If necessary, sectioning is continued again—beginning below the
first row and continuing on until complete.

. For any illustrations that cannot be reproduced satisfactorily by xerography,

photographic prints can be purchased at additional cost and tipped into your
xerographic copy. Requests can be made to our Dissertations Customer
Services Department.

. Some pages in any document may have indistinct print. In all cases we have

filmed the best available copy.

Universi
K/\ei’csronyﬁlms
International

300 N. ZEEB RD., ANN ARBOR, M| 48106



8128829
Hun, HYUNG

A PIAGETIAN EXPERIMENT WITH THE CONCRETE-INQUIRY
INSTRUCTION MODEL FOR ACQUISITION AND TRANSFER OF
HYPOTHETIC-DEDUCTIVE SCIENTIFIC REASONING

Iowa State University PH.D. 1981

University
Microfilms
International 30N, zeeb Road, Ans Arbor, M1 48106



A Piagetian experiment
with the concrete-inquiry instruction model for acquisition

and transfer of hypothetic-deductive scientific reasoning
by

Hyung Huh

A Dissertation Submitted to the
Graduate Faculty in Partial Fulfillment of the

Requirements for the Degree of

DOCTOR OF PHILOSOPHY

Department: Professional Studies in Education

‘Major: Education (Curriculum and Instructional Media)

Approved:
Signature was redacted for privacy.
In Charge of Major Work

Signature was redacted for privacy.

For, #he Major Department

Signature was redacted for privacy.

For the Gydduate College

Iowa State University
"Ames, Iowa

1981



ii

TABLE OF CONTENTS

Page

CHAPTER I. INTRODUCTION 1
Statement of Research Problem | 1
‘Purpose of the Study o 9
Hypotheses | 10
Limitations of the Study 12
Assumptions 13
Definitions 13
CHAPTER II. REVIEW OF THE LITERATURE 15
The Cognitive Developmental Level of Young Adults 15
Training Studies for Promoting Formal Operations 23
Sfudies on the Concrete~Inquiry Based Instruction 38
Functional Aspects of Cognitive Development and L3

Cognitive Style
CHAPTER III. RESEARCH METHODS AND EXPERIMENTAL DESIGN 49

Learning Tasks 49
Concrete-Inquiry Instruction Model 53
Construction of Experimental Materials 57
Subjects 58
Criterion Measures 61
Reliability for Scoring Subject's Responses 65
Experimental Design ' 66
Research Variables and Experimental Procedures 68
Organization of the Data . 72

Statistical Analysis of the Data 73



e
e
He

CHAPTER IV. RESULTS AND INTERPRETATIONS 76

Descriptive Data : 76
Tests of Hypotheses | 8k
CHAPTER V. SUMMARY, DISCUSSIONS AND CONCLUSIONS 110
Summary 110
Discussions - | 116
Conclusions 121
Implications for Curriculum and Instruction 122
Suggesfions for Further Research 125
BIBLIOGRAPHY 126
ACKNOWLEDGEMENTS | 143
APPENDIX A: éggggMED CONSENT FORM FOR EXPERIMENTAL 144

APPENDIX B: INFORMED CONSENT FORM FOR CONTROL GROUP 146

APPENDIX C: . SCRIPT FOR PENDULUM TASK 148
APPENDIX D: WORKSHEET I FOR PENDULUM TASK 179
APPENDIX E: SCRIPT FOR BENDING RODS TASK 186
APPENDIX F: WORKSHEET I FOR BENDING RODS TASK 202
APPENDIX G: PIAGETIAN LOGICAL OPERATIONS TEST 208
APPENDIX H: KEY AND CRITERIA FOR SCORING THE 221
- PIAGETIAN LOGICAL OPERATIONS TEST
'APPENDIX I: PROBLEM-SOLVING TEST | 225
APPENDIX J: KEY AND CRITERIA FOR SCORING THE 232
. PROBLEM-SOLVING TEST
APPENDIX K: THE GROUP EMBEDDED FIGURES TEST 238

APPENDIX Ls THE CODEBOOK FOR ANALYZING THE RESEARCH 242
DATA



Table 1.
Table 2.

Table 3.
Table 4.
Table 5.

Table 6.
Table 7.

Table.8.

Table 9.
Table 10.

Table 11.

Table 12.

iv

LIST OF TABLES
Page
Volunteers participating in the present study 59

Properties of the experimental group and the 60
control group

Comparison of means and SDs for t-test between 77
the experimental group and the control group
on the ACT, the MSAT, and the GEFT

Comparison of means and SDs for t-test between 79
the male and the female groups on the ACT,
the MSAT, and the GEFT

Comparison of means and SDs for t-test between 80
the two age groups on the ACT, the MSAT, and
the GEFT

Comparison of means and SDs among the maaors 81
on the ACT, the MSAT, and the GEFT

Analysis of variance for the ACT, the MSAT, 82
the GEFT among the majors

Comparison of means and SDs for t-test between 83
the field-dependent group and the field-
independent group on the ACT and the MSAT

Comparison of means and SDs for t-test between 85

the experimental and the control groups on
the posttest of the Piagetian Logical Operations
Test (PLOT)

Comparison of means and SDs for t-test between 85
the male group and the female group on the

fostte?t of the PLOT in the experimental group
N= 29

Comparison of means and SDs for t-test between 86
the age groups on the posttest of the PLOT in
the experimental group (N= 29) :

Comparison of means and SDs for ANOVA among = 86
the majors on the posttest of the PLOT



Table
Table

Table
Table

Table
Table

vTable
Table
Table
Table

Table

13.

14.'

15.

16.

17.
18.

19.

20.

21.

22.

23.

Analysis of variance among the majors on 87
the posttest of the PLOT in the experimental
group (N= 29)

Comparison of means and SDs for t-test - 89
between the immediate posttest and the one
month delayed posttest as measured by the PLOT

Comparison of means and SDs for t-test 89
between the immediate posttest and the one
month delayed posttest of the PLOT for the

male group and the female group

Comparison of means and SDs for t-test between90
the immediate posttest and the one month
delayed posttest of the PLOT for the two age
groups

Comparison of the treatment means between the 91
immediate posttest and the one month delayed
posttest of the PLOT for each major group

Comparison of means and SDs between the ex- 93
perimental group and the. control group. on the
Problem-Solving Test (PST) -

Comparison of means:and SDs between the .imme-:93
diate posttest and the one month delayed post-
test of the Problem-Solving Test for the
experimental group

Comparison of means and SDs between the male 94
group and the female group on the immediate
posttest and the one month delayed posttest

of the PST ‘

Comparison of means and SDs between the two 95
age groups on the immediate posttest and the '
one month delayed posttest of the Problem-

 Solving Test (PST)

Comparison of means and SDs between the imme- 96
diate posttest and the one month delayed post-
test of the Problem-Solving Test (PST) for

each major group

Correlation matrix of the research variables - 98



‘Table
Table
Table
Table

Table

Table

24,

25.

26.

27.

29.

vi

Bivariate regression of hypothetic-deductive 100
scientific reasoning (Dependent) with field-
dependent and field-independent cognitive

style

Comparison of means and SDs for t-test be- 102
tween the field-dependent students and the -
field-independent students on the PLOT in

the experimental group only

Comparison of means and SDs for t-test :* .:103
between the field-dependent students and the
field-independent students on the Problem-

Solving Test in the experimental group only

Multiple regression analysis of hypothetic- 105
deductive reasoning (Dependent) with cognitive
styles (GEFT), problem solving ability (PST),
the ACT, and the MSAT

Bivariate regression of hypothetic-deductive 107
reasoning (Dependent) with problem solving
ability as measured by the PST

Multiple regression analysis of problem 109
solving ability (Dependent) with the PLOT,
the ACT, the MSAT, and the GEFT



vii

LIST OF FIGURES

Page
Figures 1. Pendulum apparatus 50
Figures 2. Bending rods apparatus 52

Figures 3. Experimental procedures 69



CHAPTER I.

INTRODUCTION!

Statement of Research Problem

The educational process has been based upon the assump-
tion that there are certain pieces of information, facts,
skills, and attitudes that must be presented to the learner.
The second assumption is also made that presenting the
learner with the material and involving him with it will in
turn teach him to think. Intellectual development, therefore,
is considered to be a concomitant outcome.

If these assumptions are accurate, then it follows that
the underétanding of a task from any discipline taught will
result in intellectual dévelopment. Furthermore, we can as-
sume that if teaching can promote student's thinking or at
least accelerate intellectual growth, many different kinds

of problems from any subject area can be solved by learners.

1The Iowa State University Committee on the Use of

Human Subjects in Research reviewed this project and con-
cluded that the rights and welfare of the human subjects
were adequately protected, that risks were outweighed by the
potential benefits and expected value of the knowledge
sought, that confidentiality of data was assured and that
informed consent was obtained by appropriate procedures.



Progress in school work presupposes the pupil's capac-
ity to think. This is true no matter what school activity
we have in mind, whether it is literature, mathematics,
history orbscience. Therefore, in schooi we endeavour to
promote and use the student's thinking by the‘stimulus of
the teacher's words, class discussion, textbooks, and prac-
tical work.

The importance of the development of the ability to
think was stressed by Piaget. Piaget's (1964) views on edu-
cational objectives in modern society are probably shared by
most educators today: |

The principal goal of education is to create men who

~ are capable of doing new things, not simply of repeat-
ing what other generations have done --- men who are
creative, inventive, and discoverers. The second goal
of education is to form minds which can be critical,
can Verify. and not accept everything they are offered.
The great danger today is of slogans, collective opin-

- ions, ready-made trends of thought. We have to be able
to resist individually, to criticize, to distinguish
between what is proven and what is not. So we need
pupils who are active, who learn early to find out by
themselves, partly by their own spontaneous activity
and partly through material we set up for them; who
learn early to tell what is verifiable and What is
simply the first idea to come to them. (p. 5)

The major creative work on the logical thinking of the

child was made by Inhelder and Piaget (1958). Their topic



Was the operations of formal thinking and the structure of
propositional reasoning. This work was seen by Bruner (1959)
and Lunzer (1968) as a landmark in the study of the process
of higher reasohing and as a culmination of Piaget's efforts.
Inhelder and Piaget (1958) administered 15 varied tasks to
illustrate the change from Qhat they call concrete opera-~
tional thought to what they call formal operational thought.
According to Inhelder and Piaget (1958), the child at the
concrete-operational level reasons only about the specific
content of problems. There is no extention, or generations
of operational thought from one concrete field to another.
Thus there is no guarantee that if a child is capable of
judging operationally in problems of quantify; for example,
he will be able to extend his reasoning to questions of
weight or volume. At the concrete stage, a child's thoughts
reflect the elementary constraints of reality.

Towards the begining of adolescence, the child begins
to carry out logical operations on symbolic and abstract
material. The formal operational stage, according»to Piaget, .
begins at about 11 years and heralds the ability to reason
about possibilities, test hypotheses, and generally to
exhibit cognitive behavior which is qualitatively similar to
that of an adult. He can logically manipulate his own cog-
nitive processes as well as use his cbgnitive proceéses to

manipulate concrete things.



The first and most important question most educators
ask when they become familiar with Piaget's theory of intel-
lectual development is whether cognitive processes can be

accelerated by learning and teaching activities. According

to Piaget (1964), cognitive change is made possible by the
active inferaétion of the learner and his surrounding physi-
cal and social environment, of which the classroom is a'part.
Piaget (1964) was quite clear on this point:

Experience 1s always necessary for intellectual devel-
opment ... but I fear that we may fall into the illusion

that being submitted to an experience (a demonstration)

is sufficient for a subject to disengage the structure

involved. But more than this is required. The subject
must be active, must transform things, and find the
structure of his own action on the objects. (p. &)

It is this cognitive reorganization made by "self
inquiry" in the classroom which Piaget stressed as a crucial
element. According to Piaget, the student must be actively
engaged if the learning process is to be effective. For the
concrete-operations child, this entails an actual concrete
manipulation:of the objects or task materials in question.
Regardless of content area, the child should perform the
actions represented by the concepts.

Considerable research based on Piaget's theory of cog-
nitive development and education has appeared in the litera-

ture since 1970. The research projects can be classified



into two distinct areas: (a) studies in which students were
trained to give correct responses on specific Piagetian
tasks, and (b) studies in which emphasis was placed on a
particular mental operation (e.g., controlling variables,
proportional reasoning, etc.).

In the first category are research efforts by Siegler,
Liebert, and Liebert (1973), Siegler and Liebert (1975),
Brainerd and Allen (1971), and Bass and Montague (1972). All
of these investigations met with some success, indicating
that instructional procedures can be developed to teach
students delimited Piagetian tasks, even when students are
ét the léwer age limit for the attainment of formal opera-
tional thought. What was not determined by the studies was
whether the mastery of tasks was permanent or transitory.
This lack of retention data diminishes somewhat the useful-
ness of these results. In addition, these studies tell us
nothing about the students' ability to generalize from the
tasks learned to others similar in nature.

The second category of studies differs from the first
in that investigators trained students in particular mental
operations rather than on specific tasks. 0f all of the
mental operations, the controlling of variables and propor-
tional reasoning have been the ones on which most research
efforts have been made. Lawson (1980a), Wollman and Lawson

(1978), Levine and Linn (1977), Shyers and Cox (1978), Good-



stein and Howe (1978), Johnson and Howe (1978), Douglass and
Kahle (1978), Boulanger (1978), Wright (1978), Linn, Chen,
and Thier (1977), Wollman (1977), Wollman and Lawson (1977),
Renner and Lawson (1975), Lawson, Blake, and Nordland (1975),
Breddefman (1973), Raven (1974), Case and Fry (1973),
Hammond and Raven (1973), Nous and Raven (1973), Bredderman
(1974) did work in this area. From the training studies
reviewed‘above. two conclusions can be drawn. First, it is
possible to teach students to control variables, although it
is still questionable whether the skills on certain mental
operations are transferrable and long lasting. Secgnd.
training is more successful if it is given to more mature
students (college or high school students) than to younger
students. These results may be due to the absence of equili-
bration and self-regulation in youngef students. The inves-
tigators reported that the training does not harm:the stu-
dents and in fact may provide them the necessary experiences
that at some later time will help them to acquiré more eas-
ily greater mental ability.

Numerous investigations conducted during past few years
have.found a wide range of college student performance on
Piagetian styled tasks of formal reasoning (e.g., McKinnon
and Renner, 1971; Lawson and Renner, 1974; Juraschek, 1974;
Griffiths, 1976; Barnes, 1977). Often large percentages of

the students studied perform as though they were reasoning



about tasks using only concrete operations. Hence the
studies led to a tentative conclusion that many college
students (perhaps as much as 50 percent) are still 6perating
below the Piagetian formal operational stage of intellectual
development.

| Neimark (1977) suggested that that conclusion is open
to question. Instead he feels that adults who appear "con-
crete operational” on Piagetian-type tasks do so because
they are field dependent, not becauseqthey are concrete oper-
ational. The findings of Diamond et al. (1977) confirm this
viewpoint. They found college studeﬁfs' performance on
Piagetian tasks to be significantly correlated with interest
in science but not with their general level of intelligence.
Perhaps masny apparantly "concrete operational" college stu-
dents are indeed formal operatidnal and the Piagetian tasks
simply fail to identify the correct level due to their phy-
sical scignce content bias and (or) their percepfually sali-
ent misleading cues that tend to confuse the field-dependent
sub jects énd prohibit them from using their formal reasoning
abilities.

‘The present study was designed to assess the effective-
ness of a Piagetian experiment in facilitating hypothetic-
deductive scientific reasoning of controlling variabies of
college students. In addition, the possible relationship

between level of hypothetic-deductive scientific reasoning



and the psychological trait of "cognitive style” was inves-

tigated.

In particular, the present study was designed to answer

the following questions:

1.

3.

What is the proportion of a selected sample of Iowa
State University freshmen and sophomores who have
not achieved the level of formal operations?

What is the relationship between the level of cogni-
tive growth and the following factors?:

(a) sex

(b) scholastic ability

(¢) major area of study

(d) age

(e) cognitive style

Does a Piagetian experiment in which a concrete-
inquiry instruction model is used facilitates cog-~
nitive growth in college students? |

If cognitive growth occurs in the students, is cog-~
nitive growth because of':

(a) the Piagetian experiment employed?

(b) cognitive style?

(c) scholastic abilities?

5. If cognitive growth occurs in the students because

of a Piagetian experiment through the concrete-

inquiry instruction model, then:



(a) is there evidence whether cognitive growth is
permanent or transitory?
(p) is there evidence of transfer of cognitive

growth to other isomorphic tasks?

Purpose of the Study

The major purpose of the study was to test a series
of basic hypotheses concerning college students' hypothetic-
deductive scientific reasohing of controliing variables as
developed by a Piagetian experiment through the concrete-
inquiry instructional model. In addition, the possible rela-
tionship between the level of cognitive development and the
psychological trait of field-dependence-independence cogni-

tive style of student was investigated.

In particular the specific purposes of the study are

as follows:

1. To determine whether a Piagetian experiment through
the concrete-inquiry instructional model in which
emphasis is placed on a particular mental operation
(e.g., controlling variables of "pendulum task and
bending rods task") can or cannot increase hypothet-
ic deductive scientific reasoning capability of the
students.

2. To test whether student's retention of experimental

effects is permanent or transitory.
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3. To determine whether the students can transfer the
hypothetic-deductive scientific reasoning capability
attained to another isomorphic task.

4, To identify the relationship between hypothetic -

~deductive scientific reasoning and field-dependence-
independence cognitive style of students.

5. To identify the proportion of the students entering
college who have not developed formal operational

thought.

Hypotheses

The following hypotheses were generated in order to
meet the above stated purposes of the study and to answer

the questions stated in the first section of this chapter.

Hypothesis 1

College students instructed with a piagetian experiment
through the concrete-inquiry instruction model will |
exhibit greater cognitive growth of hypothetic-deduc-
tive scientific reasoning capability by the end of the
experiment than will college students not instructed

with a piagetian experiment.

Hypothesis 2
College students instructed with a piagetian experiment

through the concrete-inquiry instructional model will
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 exhibit the saﬁe cognitive growth of hypothetic-deduc-
tive scientific reasoning capability one month after
the initial experiment .
prethesis 3
College students instructed with a Piagetian experiment
through the concrete-inquiry instruction model will
exhibit greater problem solving ability in solving the
isomorphic problems than will college students not
instructed with a Piagetian experiment through the
concrete-inquiry instruction model.
Hypothesis 4
There is a positive correlation between hypothetic-
deductive scientific reasoning capability and field-
dependence-independence cognitive style.
Hypothesis 5
Field-dependence-independence cognitive style will
predict hypothetie-deductive scientific reasoning
capability on the Piagetian Logical Operations Test.

Hypothesis 6

When hypothetic-deductive scientific reasoning is
taught using the concrete-inquiry instruction model,
the field-dependent students will perform as Well as
the‘field-independent students on the Piagetian Logical

Operations Test.
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Hypothesis 7

When hypothetic-deductive scientific reasoning is
taught using the concrete-inquiry instruction model,
the field-dependent students will perform as well as
the field-independent students on the Problem-Solving
Test.

Hypothesis 8
Field-dependence-independence cognitive style, problem
solving ability, scholastic aptitude measured by
American College Test and Minnesota Scholastic Aptitude
Test will predict hypothetic-deductive scientific rea-

soning capability on the Piagetian Logical Operations

Test.
Hypothesis 9

Hypothetic-dedﬁctive scientific reasoning capability,
field-dependence~independence cognitive style, and
scholastic aptitude measured by American College Test
and Minnesota Scholastic Aptitude Test will predict

the problem solving ability on the Problem-Solving Test.

Limitations of the Study
The present study had a limitation. Formal operational
thought involved only hypothetic-deductive scientific rea-
soning of controlling variables. Interpretations of the

results of the study could not extend beyond hypothetic-
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deductive scientific reasoning of controlling variables.

Assumptions
It is assumed that:

1. The study population is a random sample of Iowa
State University freshmen and sophomores.

2. A total of two hours of a Piagetian experiment with
the concrete-inquiry instruction model was suffi-
cient input time to provide a basis for study of
hypothetic-deductive scientific reasoning of control-
ling variables of the "pendulum task" and»the "ben-

ding rods task."

Defi_pi tions

Hypothetic-deductive scientific reasoning

Hypothetic-deductive scientific reasoning is the proc-
ess of formulating guesses or hypotheses and than making
deductive conclusions. Hence, this term refers to the scores
measured by the Piagetian Logical Operations Test.

Cognitive growth

Cognitive growth is a change in the level of hypothetic-
deductive scientific reasoning of controlling variables. It
is the measure of an increase in a subject's capacity to
perform successfully on the Piagetian Logical Operations

Test after a Piagetian experiment with the concrete-inquiry
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instruction model.
Controlling variables

When a complex experimental problem which has many
variables is provided, all the variables but one must be
controlled, while the one uncontrolléd variable is tested.

Concrete-inquiry instruction model

This model is a highly structured instructional sequence,

which consists of a problem and student's inquiring process
leading to a étudent proposed design for solving the problem.
The design is tested, feedback data are provided, and the
student devises a conclusion.

Cognitive style

Cognitive style is conceived primarily as the manner
in which an individual perceives and analyzes a cdmplex
stimulus. The concept of field-dependence-independence
cognitive style emerged from the studies of perception of
upright, in space realized by Witkin and his associates
(1954, 1962). In the context of the study, the term "cog-
nitive style" refers particularly to a subject's performance
on a test which is purported to measure the perceptual cons-
truct, field-independénce. In essence, field-independence
is é measure of a subject's ability to overcome perceptual

distractions surrounding the object of this concentration.
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CHAPTER II.
REVIEW OF THE LITERATURE

The Cognitive Developmental Level of Young Adults

The research of Jean Piaget might lead many éducators
to believe that most individuals are formal thinkers by 14
or 15 years of age. Prior to this age, éccording to Piaget
(19?2), children develop the capacity to reason in terms of

concrete objects and their manipulation:

The 7~ to 10-year-old children when placed in an experi-
mental situation (such as what laws concern the swing
of pendulum, factors involved in the flexibility of
certain materials, problems of increasing acceleration
on an inclined plane) act directly upon the material
placed in front of them by trial and error, without
dissociating the factors involved. They simply try to
classify or order what happened by looking at the
results of the co-variations. The formal level children,
after a few similar trials stop experimenting with the
material and begin to list all the possible hypotheses.
It is only after having done this that they start to
test them, trying progressively to dissociate the fac-
tors involved and study the effects of each one in

turn --- 'all other factors remaining constant'.(p. L)

This is a decisive turning point, because formal reason-
ing process is characterized by hypothetic-deductive and

propositional thinking. When confronted with a problem,
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a formal level child formulates guesses or hypothesis and
then deduces conclusions from them.

Numerous stué}es have found a wide range of college
student performance on Piagetian styled tasks of formal
reasoning (e.g., McKinnon and Renner, 1971; Barnes, 1977;
Griffiths, 1976; Lawson and Renner, 1974; Ross et al., 1976;
Juraschek, 1974). Often large percentages of these students
perform as though they were reasoning about the tasks using
only concrete operations.

McKinnon and Renner (1971) studied responses to tasks
given 131 members of the freshman class at an Oklahoma
university in which students had to think logically about
problems of volume conservation, reciprocal implication of
two factors, the elimination of a contradiction, the sepa-
rafion of several variables, and the exclusion of irrelevant
variables from those relevant to problem solutions. These
tasks had initially been developed by Inhelder and Piaget
(1958) for determining the patterns of thought.of éhildren
and the ages at which changes in those thought patterns
occur. They found that 50 percent (66 of 131 freshmen) of
the entering college students tested were operating complete-
ly at.Piaget's concrete level of thought and another 25 per-
cent (32 of 131 freshmen) had not fully attained the estab-

lished criteria for formal thought. More specifically, the

conclusions were as follows:
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(1) of the college freshmen tested, 17 percent did not
conserve quantity, while another 10 percent failed to recog-
nize equivalence of volume. (2) Reciprocal implication
involved the student in the problem of reflecting a ball and
the necessity to relate incident and reflected angles. This
task was second only to the problem of density in the number
of failures recorded--- 64 percent scored two or less. (3)
The elimination of a contradiction involved the student in
relating.weight and volume of floating and sinking objects
in a meaningful way. More than one third of those tested did
not relate weight and volume. Typically, they recognized
weight only. Seldom was there a proportionality expressed;
67 percent of the students tested on this task were qoncrete
operational. (4) The separation of variables task gave evi-
dence that 50 percent of entering college freshmen could not
recognize the action of a potential variable and find a way
to prove the action of that variable. (5) The task of exclu-
ding irrelevant variables showed that 33 percent of the stu-
dents tested could not eliminate variables of no consequence
in a swinging pendulum, while another 18 percent could do no
more than order the effects of weight.

Barnes (1977) reported a study involving 338 college
students in six different lower physics courses. In this
study, he compared students' Piagetian levels of‘intellactual

development as determined by a written questionnaire with
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final semester grades. In order to gain insight into the
students’' abilities to use logical reasoning, a question-
naire having four questions was devised. The firs