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ABSTRACT

AN EXPERIMENTAL INVESTIGATION OF THE RELATION
BETWEEN THE INSTRUCTIONAL MODE AND THE
LEARNING STYLE OF THE STUDENT

By

John Jellema

It has been proposed that the educational process could be
more efficacious if the instruction and learning materials were
developed in harmony with the way in which students prefer to learn.
This study was designed to measure the learning styles of the stu-
dents, and to provide experimental research evidence of the effec-
tiveness of matching the learning style of the student with an
instructional mode.

The concern that motivated this study was the applicability
of matching a student's learning style with an instructional mode in
an educational setting that is based upon the concept of individual-
ized instruction. The four objectives of the study were:

1. to identify the learning styles of the students in the

various occupational areas at the Capital Area Career
Center at Mason, Michigan;

2. to measure the effectiveness on achievement of the experi-

mental matching of learning style with instructional

mode;
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3. to measure the extent to which the student characteris-
tics of sex, age, reading comprehension level, and compu-
tational skill relate to achievement; and

4. to identify and recommend directions for ongoing and
future curriculum development in the 1ight of the measured
learning styles of the students.

Approximately 100 students from the Capital Area Career Center
in Michigan served as subjects for the experiment. These students
were randomly selected from most of the occupational program offer-
ings at the Center.

The preferred learning styles of the students were measured
using the Learning Activities Survey. This instrument measures
learning styles on two continua, concrete/symbolic and structured/
unstructured.

The two selected instructional modes were direct-detailed and
directed-discovery. It was felt that these modes would be compatible
with the learning styles to be measured. They had the advantage of
requiring little or no student-teacher interaction. A learning
style-instructional mode matrix was developed to categorize the rela-
tion between style and treatment.

The learning task which was chosen related to the metric sys-
tem of measurement. The instructional materials were developed in two
parts: (a) conversion within the metric system, and (b) conversion

between the metric and customary (English) systems of measurement.
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Initial learning tests were completed immediately after
instruction, and the same instruments were used five weeks later
for the retention testing.

Using the results of the Learning Activities Survey, graphs
were developed showing the locus of each student on the two continua,
concrete/symbolic and structured/unstructured. These graphs may be
readily interpreted for the learning style preference of each occu-
pational area and the school as a whole. The study sample showed a
preference for "hands-on" learning activities with a mixture of
teacher-centered/student-centered learning environments.

The learning data on student achievement, when analyzed with
regard to the matching of learning style with instructional mode,
yielded inconclusive results. Two confounding variables were identi-
fied. Secondary hypotheses relating to the matching were posed and
were not rejected.

This experimental study used a group of secondary school
students enrolled in an area vocational school. The following con-
clusions are drawn as a result of this research.

1. It is possible to assess the learning styles of secondary
school students using a relatively simple, easy-to-use
questionnaire.

2. The experimental matching of learning style with instruc-
tional mode yielded inconclusive results.

3. There is a positive correlation between reading comprehen-

sion level and achieved scores when using learning materials
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that are in a reading format, even though the materials
are written at the sixth grade equivalent reading level.
4. There is a positive correlation between the sex of the
student and achieved scores when using learning materials
which concern mathematics.
5. Recommendations to the Center are:

a. that a variety of learning styles exist among the
students in each of the occupational areas and the
Center may wish to consider this in developing learn-
ing environments,

b. that the student characteristics of sex and reading
comprehension level do appear to influence overall
achievement as measured in this study, and

c. that the Center should consider conducting a longer-
term study before accepting or rejecting the need to
consider student learning style as a factor in the
development of curriculum.

The recommendation for further research is that others should
continue to pursue the question: "Will students achieve better if

their learning styles match the instructional mode?"
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CHAPTER I

STATEMENT OF THE PROBLEM

Introduction

The need for a more concerted effort to look at the whole
educational environment is upon us. In recent years, we have wit-
nessed the rise of student unrest, the disenchantment of the public
with certain aspects of education, and the push for accountability
in education.

In their attempts to meet the needs of the student and the
demands of the public, many educators have turned toward individual-
ized instruction. That which has been used successfully in indus-
trial and military training programs is now finding more application
in public educational circles.

Individualized instruction may be defined as a method of
instruction in which each student works alone (or in a small group),
on assignments designed to meet the student's abilities, interests,
and needs. The subject matter studied may be cooperatively deter-
mined by the teacher and the student. During class time, the teacher
functions as an instructional manager, available to provide needed
assistance or to answer questions. Individualized instruction has
many facets, some of which are learning environments, instructors,
learners, and courses. Most emphasis, generally, has been placed

upon such factors as differentiated assignments, rate of learning,

1
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methods and media, and the goals of the educational progfam. Often
these efforts tend to miss the core of the matter. It was Wilhelms
who said, in the 1962 Yearbook of the National Society for the Study
of Education, that ". . . such 'individualization' largely fails to
come to grips with the fundamental differences among students--differ-
ences in their interests and purposes, their personal needs and their
whole modes of thinking and ]earning."]
Writings and research studies relating to individualizing
instruction are contained in the review of selected literature in
the next chapter. Many recommend that instruction and learning
materials should be constructed in the way that the students prefer
to learn. The continued need for research on learning styles exists.
Even a brief review of the literature suggests that many variables
influence the acquisition of knowledge, skills, and attitudes.
Unfortunately, studies on individualized instruction, as regards
vocational education, dealing with the various student learning char-

2 Impellitteri and Finch write that the

acteristics are indeed few.
military training researchers are doing the majority of the studies

relating to this area. They conclude that apparently vocational

1F. T. Wilhelms, "The Curriculum and the Individual Dif-
ferences," Individualized Instruction, The Sixty-First Yearbook

of the National Society for the Study of Education, pt. 1 (Chicago:
University of Chicago Press, 1962), p. 65.

2Joseph T. Impellitteri and Curtis R. Finch, eds., Review
and Synthesis of Research on Individualized Instruction in Voca-
tional and Technical Education (Columbus, Ohio: The Center for
Vocational and Technical Education, The Ohio State University,
1971), p. 29.




educators have not been as concerned about student learning char-
acteristics as they probably should have been.3

This need for more attention to the fundamental differences
among students, coupled with the lack of attention given to the prob-
lem by vocational educators, creates an exciting field for research.
It is hoped that this study will contribute, if only in a small way,
to the solution of some of the problems, and stimulate further

research in this area.

Background
The development of Area Skill Centers in the United States

in recent years can be viewed as one of the results of the thinking
that has occurred in educational circles. Area Skill Centers have
the advantage of focusing all of the resources of a county or dis-
trict on one central location. Interestingly, the instructional
methods used at these centers are often not significantly different
from those used in the traditional secondary school programs. Often
the same instructional materials and instructional staff are used.
Among the relatively few centers using a different approach
is the Capital Area Career Center in Mason, Michigan. The Center
is committed to individualized instruction, having begun in 1970 as
a research project in curriculum development and computer-managed
instruction. Funding was provided by the Michigan Department of
Education, Division of Vocational Education. The curriculum is based

on the Individualized Prescribed Instruction format. Each of the

3Ibid., p. 30.



occupational areas has its learning materials developed into learn-
ing packets, or mods, that are performance-objective based. Each
packet consists of (1) an identification number and title; (2) a
goal, or performance objective; (3) the prerequisites required to
begin the mod; (4) a list of the equipment and materials needed to
complete the mod; (5) a step-by-step explanation of what is to be
done and exactly how to do it; and (6) a technical word-list and

definitions.

Students wishing to pursue studies at the Center are helped
to determine the occupation for which they are best suited by expo-
sure to (a) an overview module, to gain an understanding of the
occupational choices available to them in a chosen program of study;
(b) a career decision matrix, to help the student look at the corre-
lation between their individual values and the values of their
occupational choice; and (c) a series of general learnings tests,
to ascertain their proficiency in mathematics, reading, pre-employment
skills (attitude/behavior), and measurement skills. After this
initial exposure, the occupational choice of the student is finalized.
Each student is then provided, via the computer, with an individual-
ized listing of all the mods he/she will need to complete the
selected career program. The computer also provides the student
with a weekly schedule of mods to work on for that week, and, every
nine weeks, prints a cumulative student progress report. Upon com-

pletion of the program, the student receives a "certificate of



completion” from the Center, and a computer print-out of the tasks
that he/she is qualified to perform in that occupational area.4
A11 staff members have been involved in preservice and
inservice training seminars which are designed to help them function
effectively as instructional managers rather than in the traditional
role of a teacher. Requirements also exist for further staff develop-
ment, including periodic professional-level college/university course
completion and/or relevant work experience in business or industry.
Most of the mods, or learning packets, for the various
occupational and supportative programs of the C.A.C.C. are written
in one (direct-detailed) of the two instructional modes considered
in this study. The mods are presented to the student in the form of
reading materials that require a sixth grade equivalent reading
level. A few modules have the step-by-step explanations of what is
to be done and how to do it adapted to other media, such as audio
tapes and/or slide-tape presentations. Reference to standard text-
books is also made in some mods, to aid the student in gaining the
required knowledge.
The Capital Area Career Center, with its individualized
instruction program, was chosen as the site for the present study.
The Center has been operational since the fall semester of 1972.
The personnel at the Center are concerned with the success/failure

rate of the various programs. Consequently, there exists a concerted

4Ingham Intermediate School District, Relevant Curriculum
and Individual Progress--One Answer, A Brochure Produced by the
Ingham Intermediate School District, Division of Vocational Education
(Mason, Michigan: Ingham Intermediate School District, 1974).

!



effort to revise mods in order to make them more effective for student
use. It was proposed by the researcher that perhaps one of the

factors which had been overlooked was that of student learning styles.

Purpose and Objectives

Curriculum development efforts have generally focused upon
developing materials suitable for the majority of the students.
Those individualized programs which have been developed, in general
focus upon factors other than the individual himself, such as time
to complete and skills to be acquired.

More attention should be given to the individual's learning
characteristics and achievement. Consideration of these factors as
appropriate to individualized instruction leads to a number of ques-
tions. Three of these are:

1. What is the nature of the learning styles of the students?

2. Would matching of learning style to instructional mode

improve learning?

3. What instructional modes are in use, and which are most

feasible?
The concern, then, that motivated this study was the applicability
of matching a student's learning style with an instructional mode in
an educational setting that is based upon the concept of individual-
ized instruction. The purpose of this study was:

1. to set up an experiment in assessing the efficiency of

matching the learning styles of the students with two

selected instructional modes, and



2. to assist in identifying directions for revisions of
the learning materials in use at the Center.

This study was designed to provide experimental research

evidence, and had as its objectives the following:

1. to identify the learning styles of the students in the
various occupational areas at the Capital Area Career
Center at Mason, Michigan;

2. to measure the effectiveness on achievement of an experi-
mental matching of learning style with instructional
mode;

3. to measure the extent to which the student characteristics
of sex, age, reading comprehension level, and computational
skills relate to achievement; and

4, to identify and recommend directions for ongoing and
future curriculum development in the light of the measured
learning styles of the students.

Learning style--that is, a student's preferred mode of learning--

can be assessed in a variety of ways. Learning style appears to be a
significant aspect of an individual's capacity to learn. The review
of the literature indicated that researchers have defined various
dimensions in the area of learning styles. Methods for assessing
learning styles vary from the relatively simple administration of an
interest inventory to the highly complex cognitive style mapping
technique. The learning styles measured in this study were deter-
mined by the use of an interest inventory and were categorized as

(a) concrete-symbolic and (b) structured-unstructured.



Instructional modes are the different forms that may be
used to present the material to be learned to the student. Some
examples of these are: (a) lecture-demonstration-discussion and
(b) programmed instruction. To minimize the variables which
influence the learning process, two instructional modes were chosen
which require little or no student-teacher interaction. The modes
selected were: (a) direct-detailed and (b) directed-discovery.
Briefly defined, direct-detailed uses a step-by-step instructional
format, while directed-discovery relies on the use of hints and lead-

ing questions to guide the student to discover the facts for himself.

The Research Hypotheses

Part of the intent of this study was to provide experimental
evidence of the effectiveness of matching the learning style of the
student with the instructional mode selected. The hypotheses that
follow were developed from the consideration of the purpose and the
objectives of the study.

The hypotheses which were examined in this study are:

Hypothesis 1: There is no significant difference in initial
learning (knowledge of specific facts and prin-
ciples, and ability to solve the problems) between
students with a learning style when matched to an

instructional mode and students whose learning
style does not match the instructional mode.

Hypothesis 2: There is no significant difference in retention of
material initially learned as measured five weeks
after instruction between students with a learning
style when matched to an instructional mode and
students whose learning style does not match the
instructional mode.




Hypothesis 3: There is no interaction5 between the two instruc-
tional modes employed and the student character-
istics of sex, age, reading comprehension level,
and computational skill with regard to initial
learning and retention.

The four additional variables that were examined for possible
interaction with the main effect (see Hypothesis 3) are unique char-
acteristics brought to the learning situation by each student. A
fifth variable, high school grade-point average (GPA), originally
considered in the proposal of this study, was discarded due to the

unavailability of this statistic at the Capital Area Career Center.

Design of the Study

Individualized instruction has been heralded by some as the
answer to many of the problems that face educators today. However,
individualized instruction exists in many forms. This study deals
with one approach, that used at the Capital Area Career Center in
Mason, Michigan.

This is an experimental study, using formal research tech-
niques for the collection and analysis of the data. It is concerned
with three major topics. The first considers the assessment of the
learning styles of the students. The second relates to the experi-
mental matching of the individual's learning style with one of the
selected modes of instruction and the measurement of the influence

of selected learner characteristics upon overall achievement. The

5Interactions are the unique effects of combination of treat-
ments. For an explanation of the technical meaning of interaction,
see W. L. Hayes, Statistics (New York: Holt, Rinehart and Winston,
1963), pp. 386-88.
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final portion concerns the recommendations that can be made, based
upon the analysis of the collected data.

The review of the literature on learning style measurement
revealed that the "Learning Activities Opinionnaire," developed by
John Banks (see Appendix B), showed promise as a useful tool for the
purposes of this study. This instrument was designed to measure
learning styles on the concrete-symbolic and the structured-
unstructured continua. It was adapted in this study for use with
secondary school vocational students and retitled "Learning Activities
Survey" (see Appendix C).

The literature on instructional modes was researched in order

to find one mode that reflected that used at the Capital Area Career
Center and a second that used an opposite approach. The two instruc-
tional modes that were chosen for use in this study are the direct-
detailed (similar) and the directed-discovery (opposite) methods.
The instructional materials were written in each of the two instruc-
tional modes selected (see Appendix A). The content of the instruc-
tional materials was drawn from two of the mods which are currently
in use in the Related Arithmetic Program at the Center.

The level of matching between the student's learning style
and the instructional mode was determined on the basis of an analysis
of the descriptive material available on the styles and modes.
Details of the matching technique are described in Chapter III.

The population was the set of students at the Capital Area
Career Center who were enrolled during the 1974-1975 school year.

The students attended either morning or afternoon sessions. The
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sample was the set of students enrolled at the Center during the
spring semester who were randomly selected for this study and for
whom data were available.

The Learning Activities Survey was administered to the stu-
dents in the sample. The students were then randomly assigned to
one of the two instructional modes. Initial learning tests were
administered upon completion of each set of learning materials.
Retention tests, using the same test instruments, were administered
five weeks later. Copies of the tests may be found at the end of
Appendix A.

The four objectives of this study should be reached upon the
review of the collected data and the analysis of the learning data.
The learning styles of the students will have been described; the
effect on achievement of the experimental matching will have been
determined; the extent to which the selected student characteristics
relate to achievement will have been measured; and recommendations
for curriculum development, in the 1ight of the measured learning
styles of the students at the Capital Area Career Center, will have

been made.

Assumptions and Limitations

Most endeavors are undertaken on the basis that certain
underlying conditions exist. This study was based upon the follow-
ing assumptions:

1. that the students used in the sample were not signifi-

cantly different from the students in the population,
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that the students were honest and sincere in their
responses to the learning-style instrument,

that the students in the sample would be approximately
evenly distributed into the several cells as measured
by the learning-style instrument, and

that the learning materials presented in the study were

considered of importance by the students.

When an experimental study is contemplated, one becomes aware

of the constraints which are imposed by factors which are often out-

side the limits of one's control. The following limitations are the

conditions within which this study was conducted:

1.

The study was limited to students attending the Capital
Area Career Center in Mason, Michigan.

The students are scheduled to attend classes at the Center
in either the mornings or the afternoons. Thus, the time
factor could not be made constant.

The physical setting of the experiment was the General
Learnings Area of the Center. Students are sometimes
reluctant to study in this area and this reaction may
have colored their reaction to the experiment.

The two selected modes of instruction were a limitation
on the study since many other modes of instruction exist.
The study was limited to attitudinal responses as

indicated on a learning-style instrument ". . . whose
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scope is not broad enough to cover all possible ramifi-

cations of the subject of learning sty]es."e

6. The instructional materials were presented to the student
in a reading-only format; no other form of media was
used.

7. The study was conducted during the months of May and June.
Since many of the senior-level students are assigned to
work-placement experiences during their last semester. at
the Capital Area Career Center, some students who had
participated in the initial learning stage of the study
were not available for the retention testing stage. Also,
since the various home-schools finish their spring semes-
ters at different times, some students had graduated
before the study was completed.

8. The only vocational program at the CACC which requires the
knowledge and use of metric measurement is that of Histo-
logic Technician (one of the programs in the Health Occu-
pational Area). This program does not convert measure-
ments from English to metric or from metric to English.
However, some or all of the students may have encountered

or used metric measurement and/or conversion factors prior

to this study.

6John C. Banks, An Investigation of the Interaction of
Learning Styles and Types of Learning Experiences in Vocational-
Technical Education, Final Report (Menomonie, Wisconsin: Center for
Vocational, Technical and Adult Education, University of Wisconsin-
Stout, June 1973), p. 17.
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Definition of Terms

One of the problems which may occur in any discussion is that
the various participants may have differing concepts of certain key
words used. In order to minimize difficulties of this nature, a
list of key words and their definitions as used in this study follows.

Individualized instruction. A method of instruction in

which each student works alone (or in a small group) on assignments
designed to meet the student's abilities, interests, and needs. The
subject matter studied may be cooperatively determined by the teacher
and the student. During classtime, the teacher functions as an
instructional manager, available to provide needed assistance or to
answer questions.

Direct-detailed mode of instruction. A1l materials that the

student needs to acquire and understand are presented in a ca}efu]ly
organized, positive, continuous, and detailed manner. Simple prob-
lems are posed to illustrate the applications of information provided,
and are solved in a step-by-step fashion. Review is achieved by
repetition of the material at appropriate intervals.

Directed-discovery mode of instruction. A minimum of basic

information is presented in a direct manner. With the essential
material as a foundation, many carefully structured and ordered
questions and hints are utilized to assist the student's discovery
of the remaining information and functional relationships to be
acquired and understood. Sample problems, intended to illustrate the

application of information, are propounded, and then leading questions
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are posed to suggest critical stages in their solution. Review is
provided by a series of questions designed to clarify the relationships.

Learning style. Consistent patterns of behavior or activity

used by the student to effectively acquire knowledge, skills, and
attitudes.

Concrete style. A preference for direct, personal, and hands-

on activities which use tools and materials.

Symbolic style. A preference for dealing with abstract rep-

resentations of objects and phenomena to convey knowledge.

Structured style. A preference for highly organized activi-

ties with passive student involvement.

Unstructured style. A preference for self-organized and

self-paced activities with active student involvement in planning.

Mod or learning packet. Each module is a short teaching unit.

It provides a detailed, step-by-step procedure whereby the performance
objective for each associated task can be met.

The Center or CACC. These two terms are used interchangeably

throughout the study to refer to the school where the study was
conducted--the Capital Area Career Center.

Initial learning. Initial learning is determined by the

degree to which the student attains knowledge and skills from the
instruction as measured directly following treatment. Performance
objective measures are administered to each subject immediately
following instruction. The amount of initial learning is indicated

by the number of correct responses on these measures.
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Retention. Retention, as defined for the purpose of this
study, involves the recognition and/or recall of learned materials.
The amount of retention is measured by the number of correct
responses on the same performance objective measures as used for
initial learning but which are administered five weeks after the
learning period.

SMOG grading. This is a quick, easy method of assessing read-

ability. (The term, SMOG, has no meaning, except in reference to the
author's birthplace of London.) It consists of several simple opera-
tions, which may readily be used, even by untrained personnel, to
ascertain the equivalent grade reading level of any printed material.
Since the reader may not be familiar with the formula, it is quoted
below.

1. Count 10 consecutive sentences near the beginning of the
text to be assessed, 10 in the middle and 10 near the end.
In the 30 selected sentences count every word of three or
more syllables.

Estimate the square root of the number of polysyllabic
words counted.

Add 3 to the approximate square root. This gives the SMOG
Grade, which is the reading grade that a person must haye
reached if he is to understand fully the text assessed.

H» w N
) . .

Succeeding Chapters

Chapter II is a review of selected literature. Learning
styles are defined and various instruments used to assess the student's
learning style are discussed. Findings of studies which used the two

selected modes of instruction are also presented.

76. Harry McLaughlin, "SMOG Grading--A New Readability Formula,"
Journal of Reading 12 (May 1969): 639.
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The research design, presented in Chapter III, is graphically
displayed through the use of a matrix. The specific hypotheses to
be considered are presented and discussed in detail, and the format
used in conducting the experiment is described.

The results of the experiment and complete analysis of the
data obtained are reported and discussed in Chapter IV.

The summary, conclusions, limitations, recommendations, and

suggestions for further research are presented fully in Chapter V.



CHAPTER II

REVIEW OF SELECTED LITERATURE

This review of literature deals with three selected areas:
the individual differences, modes of instruction, and learning styles.
Each area is considered in relation to the defined purpose of this
study and the interrelated questions. Sources used in the search for
related 1iterature were the Educational Resource Information Center

(ERIC), Dissertation Abstracts, and a number of bibliographical com-

pilations.

Individual Differences

Centuries ago, Plato recognized the existence of human varia-
bility, specified its social implications, and proposed tests to

measure traits important to the military. We read in The Republic, II,

". . . for it comes into my mind when you say it, that we are not born

all exactly alike but different in nature, for all sorts of different

Jobs."]

Comenius treated individual differences at length, admonishing
teachers to consider their students' ages, intelligence, and degree

of progress. He encouraged teachers to adjust methods and materials

]PIato, Great Dialogs of Plato, The Republic, Book II,
trans. William H. D. Rouse (New York: The New American Library,

1956), p. 166.

18
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to the pupil's level. Children, he observed, excel in curiosity
and memory, adolescents in the power to reason, and adults in abstract
understanding of things.2
Rousseau agreed with Comenius in advocating the method of
instruction through the senses, but he went further in thinking that
true education consists less in knowing than in doing. His proposed
teaching methods took into account those inner senses or springs of
action known as feelings. The principle of interest was featured--
the teacher's proper strategy lay in maneuvering the pupil into want-
ing to learn. So important to Rousseau were interest and inclination
that he advocated a dependence upon them rather than upon constraint
to sustain attention and perseverance in the face of difficulties and
distractions.3
It was Pestalozzi who insisted that the natural instincts of a
child should provide the motives for learning. He believed that free
expression would allow the natural powers of the child to develop.
Since it is nature that gives the drive to life, he maintained, the
teacher's responsibility is to adapt instruction to each individual
according to his particular, changing, unfolding nature as required at

various stages of his development.4

2Jan Amos Komensky, The Analytical Didactic of Comenius,
trans. V. Jelinek (Chicago: The University of Chicago Press, 1953),
pp. 159-64.

3Carroll Atkinson and Eugene Maleska, The Story of Education
(Philadelphia: Chilton Company, 1962), pp. 62-63.

4

Ibid., p. 72.
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John Dewey has often written about men, democracy, and edu-
cation. He advocated the value of the individual:

The individual is a democratic idea. . . . Each one is equally

an individual and entitled to equal opportunity of development

of his own capacities, be they large or small in range. More-

over, each has needs of his own, as significant to him as those
of others are to them.

Dewey also writes on the value of the individual in society:

A society based on custom will utilize individual variations
only up to a limit of conformity with usage; uniformity is the
chief ideal within each class. A progressive society counts
individual variations as precious, since it finds in them the
means of its own growth. Hence, a democratic society must, in
consistency with its ideal, allow for intellectual freedom and
the play gf diverse gifts and interests in its educational
measures.

Even though secondary schools were based on democratic ideals
and supported through public funds, equality of education has not
become a reality. The democratic philosophy that each pupil shall be
given an education that will enable him to develop to the fullest of
his desires and capabilities has created many educational problems.

The clientele of our schools is composed of a myriad of indi-
viduals who come from various ethnic and socio-economic groups. These
individuals vary; they vary between groups and within groups. They
vary according to interests and vocational goals, age, physical
health, intellectual adeptness, cognitive style, psychomotor style,
achievement, motivation, attitudes and values, self-concept, empathy

with other people, and patterns of interest. Yet, many educators

5John Dewey, Problems of Men (New York: Philosophical Library,
1946), p. 60.

6John Dewey, Democracy and Education (New York: The Macmillan
Company [Free Press Paper back Edition], 1966), p. 305.
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attempt to provide curricula that are uniform. Charles W. Elliot,

Chairman of the Committee of Ten, observed in 1892 that
Uniformity is a curse of American schools, that any school or
college has a uniform product should be regarded as a demon-
stration of inferiority--impairity to meet the legitimate
demands of a social order whose fundamental principle is that
every career should be open to talent. Selection of studies
for the individual instruction addressed to the individual,

. must come to the American §chool, if it is to answer the

purpose of a democratic society.

Theorists describe learning in terms of the average. However,
basic data reveal that the course of learning may differ from student
to student. Consequently, by applying general rules, we may, and
often do, ignore the individual.

Jerome Bruner states, "We begin with the hypothesis that any
subject can be taught effectively in some intellectually honest form
to any child at any stage of development . . . no evidence exists to
contradict it, considerable evidence is being amassed that supports
it."8

In more recent years, American educators have assumed the
tremendous challenge of providing educational experiences for this
myriad of adolescents based on the democratic ideal. Humerous
approaches have been made to provide for the individual differences
of the school clientele, including individualized instruction.

Individualized instruction requires a great deal of self-

direction and self-selection by the learner. It is intended to be

7Robert M. Thomas and Shirley Thomas, Individual Differences
in the Classroom (New York: McKay Company, 1965), p. 3.

8Jerome S. Bruner, The Process of Education (New York:
Alfred A. Knopf, Inc., 1960), p. 33.
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pupil centered, not teacher or content centered. The role of the
teacher in this instructional approach is primarily that of a con-
sultant to the learner and a manager and manipulator of the classroom
environment. Wolfson cited the basic assumptions for individualized
instruction as follows:

1. for real learning to occur, the learner must see the purpose
and meaning in the learning experience;

2. no best method exists for all teachers to use;

3. the way the teacher interacts with the children affects the
amount they learn, their feelings about learning, and their
feelings about themselves, and 9

4. there is no best sequence in skill development.
The traditional lecture-discussion method is not applicable

to individualized instruction in a classroom situation. The class-
room procedure will vary due to the particular learning situation and
personal traits of the teacher. Wolfson observed on classroom pro-
cedure:

1. 1individualized instruction provides opportunity for indi-
viduals to work alone and in small groups, and

2. for individual and small group conferences with the teacher
for pupil-teacher planning and evaluation and for teacher
assistance as needed. In the final analysis the classroom 10
teacher must translate his own values and goals into action.
Individualized instruction is often erroneously implemented

in terms of rate of learning, which allows students to complete the
same assignments at varying rates. Programmed learning materials
find their applications in this context. However, as Wolfson

observed:

9Bernice J. Wolfson, "What the Teacher Is and Does Remains
the Crucial Variable in Individualizing Instruction," National Educa-
tion Association Journal 55 (November 1966): 31.

101pi4., p. 33.
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The use of programmed materials and textbooks with individual
pacing is not truly individual learning. These materials pro-
vide for different rates of learning, but not responsible to
other variations among pupils, such as, motivation, sty]?]of
learning, energy level, attitudes and previous learning.
Throughout man's history individual differences have been
recognized. Frequently, suggestions have been made as how to cap-
jtalize on this in the educational setting. This section of the
review indicates that individualized instruction, when properly

implemented, appears to be the best answer to date.

Modes of Instruction

The extensive research program of Katona compared the relative
effectiveness of two methods of teaching or learning on retention and
transfer. The two methods which he investigated were memorizing and
understanding. He concluded that problem solving which is based on
understanding is superior to problem solving based on memor'ization.]2

Craig studied the effectiveness of directing the learner's
discovery of established relations. Initial learning for the group
receiving the greater direction was superior to that of the group
that learned the relationships by completely independent discovery.
Thirty-one days after, the group receiving the greater direction per-
formed better with regard to retention of learned relations. He
concluded that

this evidence indicates that teachers and experimenters should

be 1iberal with information designed to assist learners in
the discovery of principles. Large amounts of external

Mipig.

]26. Katona, Organizing and Memorizing (New York: Columbia
University Press, 1940).
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direction now may help to insure that the learner will have
2gv:g;?¥gte background of knowledge to direct his future dis-

The relative effectiveness of reading and demonstration methods
of instruction in developing scientific understanding was investi-
gated by Boeck. He suggests that research should be conducted con-
cerning the appropriateness of instructional methods for different
levels of mental ability. He also recommends that future research
should consider the crucial problem of individual differences in
learning ability as it relates to the effectivepess of teaching
method.]4

In 1956, Newman reported that subjects who learned by their
own study techniques performed significantly better than those taught
by methods based on information provided by experimental research on
learning. He concluded "that until considerable research evidence
is available, the practice of allowing the student to decide on the
study technique he will employ seems def‘ensib]e."]5

In the extensive literature dealing with instructional methods,
one finds studies which have attempted to evaluate the effectiveness
of inductive and deductive teaching methods. The inductive method

depends on the gathering of observational evidence to decide whether

]3R. C. Craig, "Directed Versus Independent Discovery of
Established Relations," Journal of Educational Psychology 47 (1956):
223-34.

]40. H. Boeck, "The Relative Efficiency of Reading and
Demonstration Methods of Instruction in Developing Scientific Under-
standing," Science Education 40 (1956): 92-97.

155. E. Newman, "The Design of Materials and Procedures for
Learning," American Psychologist 11 (1956): 380 (abstract).
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the hypothesis under consideration is to be accepted or rejected.
The deductive method uses a process of drawing conclusions through a
chain of valid reasoning (based on assumptions accepted as true).

As an example of this, Michael studied the relative effec-
tiveness of the inductive and deductive methods used in the teaching
of algebra. Students using the deductive method were given rules by
the teacher, followed by repetition and practice. The inductive
method was used with the other group of students, who were expected
to discover and understand the basic principles and relationships
taught. Although the findings were not statistically significant,
Michael reported it appeared that the deductive method was more effec-
tive with students of average and high ability, and the inductive
method seemed superior for the slow 1earners.]6

Sobel, in a more recent investigation along the same lines as
Michael, found the inductive method superior for students with above-
average mental ability in learning concepts and skills in algebra.

He used two groups of high school students, divided into (1) a control
group, for which an abstract, verbalized, deductive method was used,
with concepts defined and presented by the teacher, followed by prac-
tice exercises; and (2) an experimental group, with whom he used a
concrete, nonverbalized, inductive procedure with the student being
guided through experiences involving applications to discover and

verbalize concepts. Sobel's conclusion was that brighter students

]GR. E. Michael, "The Relative Effectiveness of Two Methods
of Teaching Certain Topics in Ninth Grade Algebra," The Mathematics
Teacher 42 (1949): 83-87.
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profit in the learning of certain algebraic concepts and skills when
the experimental method was used with them.]7

It is not surprising that conflicting research evidence
exists, since a variety of factors enter into any investigation. One
of the problems may well be the names given to the method of teaching
which is used. The need for additional well-planned and carefully
controlled experimentation is evident.

One of the areas similar to the present study is that of
problem solving. Although there is an extensive body of literature
in this area, no exhaustive review has been made.

The work of Thorndike, however, has some direct bearing upon
the present study. He points out that what may be considered to be
a problem by a teacher may not be so by a student. The educator's
concern should be to make use of the real problems in the student's
life. He should attempt to encourage the student to become aware of
worthwhile goals, so as to create interest in problems important to
his future life. o

Thorndike states that good educational programs take into
account both practical problems and intellectual problems. These

should be presented in a form which the student will accept as his own.]9

]7M. A. Sobel, "A Comparison of Two Methods of Teaching Certain
Topigs in Ninth Grade Algebra," Dissertation Abstracts 14 (October
1954): 1647.

]BR L. Thorndike, "How Children Learn the Principles and
Techniques of Problem-Solving," Learning and Instruction, Forty-Ninth

Yearbook of the National Society for the Study of Education, pt. 1
(Chicago: University of Chicago Press, 1950), pp. 192-216.

91bid., p. 195.
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This directs one to the demands of students today, to make education
relevant for them.

No discussion of problem solving would be complete without
reference to John Dewey. Among his many writings one finds extensive
discussion of the way man thinks and solves problems. Dewey's
familiar five steps to problem solving are (1) a felt difficulty,

(2) its location and definition, (3) suggestion of possible solution,
(4) development by reasoning of the bearings of the suggestion, and
(5) further observation and experimenting leading to its acceptance
or rejection.20

Although many research scientists may function in such an
orderly fashion, young people are more likely to test some "hypothesis"
that they may hold, and if it proves inadequate, return to the stages
of further definition and clarification. Even students who have been
exposed to the "scientific method," as it is sometimes called, will
often continue to use a thought process which is rather individual.

Dewey was well aware of this, and he commented about the use
of the steps thus:

The disciplined, or logically trained mind--the aim of the edu-
cative process--is the mind able to judge how far each of these
steps needs to be carried in any particular situation. . . .
The trained mind is one that best grasps the degree of observa-
tion, forming of ideas, reasoning, and experimental testing
required in any special case. . . . What is important is that

the mind should be sensitive to problems and skilled in methods
of attack and solution.?2l

20John Dewey, How We Think (Boston: D. C. Heath, 1910),
p. 72.

211bid., p. 78.
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The ability to solve problems is perhaps one of the greatest goals
of the educational process. Instructional approaches to develop this
ability are many and diverse. Two of the possible instructional
techniques or modes are considered in this study.

The following literature reviews relate to the two instruc-
tional modes used in this study, that of (1) direct-detailed and
(2) directed-discovery. One of the earliest industrial education
research settings to use the two modes of instruction is contained in
the experimental study conducted by Willis E. Ray. In his work with
students in junior high school industrial arts, Ray studied

. . the effect of directed-discovery, in situations providing
numerous problem-solving opportunities, upon initial learning,
retention, and transfer of micrometer measurement principles
and skills as compared with traditional direct and detailed
instrug%ion in these situations, with three levels of intelli-
gence.

Ray used two experimental teaching methods and one control
group, and three levels of mental ability assumed to be related to
the criterion. Controlled variables were (1) content and method of
presentation, (2) length of instruction, (3) illustrations, (4) pre-
cision measuring equipment, and (5) testing and testing conditions.
One tenable hypothesis was stated, "There is no interaction between
the two teaching methods employed and the low, average, and high
intellectual levels with regard to initial learning, retention, and

transfer of 1earning.“23

22w111is E. Ray, "An Experimental Comparison of Direct and
Detailed and Directed Discovery Methods of Teaching Micrometer Prin-
ciples and Skills" (Ed.D. dissertation, University of I1linois, 1957),
p. 6.

21hid., p. 7.
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The conclusions reached in the study were that

(1) The direct and detailed and directed discovery methods of
teaching are equally effective with regard to initial learning
of micrometer principles and skills. (2) The direct and detailed
and directed discovery methods of teaching are equally effective
with reference to retention of material initially learned as
measured one week after instruction. (3) The directed discovery
approach to teaching is superior to direct and detailed instruc-
tion with respect to retention of material initially learned as
determined six weeks after instruction. (4) The directed
discovery method of teaching is more effective than the direct
and detailed approach in enabling students to make wide applica-
tions of material learned to new and related situations, both

at one and six weeks after instruction. (5) Thers is no inter-
action of teaching method and intellectual level.?4

It came as a complete surprise to the experimenter that there
was a complete absence of any indication of interaction. Ray thought
prior to the experiment that the directed-discovery method would be
superior to the direct and detailed method for the exceptionally
bright, and the reverse for the slow 1earner.25

Although the experiment was conducted under controlled condi-
tions and does contain some limitations, application to other learning
situations should be possible. Ray concludes with the implication
that

. . teachers who use techniques which lead students to dis-
cover relationships and draw conclusions from their own dis-
covery may provide the opportunity for them to apply their
learning more effectively to new situations and to retain more
of what they initially learn.26

During the early 1960's, a number of studies were completed
using these two methods of instruction in a variety of teaching areas.
Grote used the two methods in teaching selected principles of physics

to high school students. He states that

241bid., p. 65.  ZOIbid., p. 60.  281bid., p. 70.
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. the discovery method, as used in this study, placed a
major responsibility upon the subject as an active participant
in the study of meaningful material, while the direct-detailed
method considered the subject as a less active participant in
the learning process.
He found that although the directed-discovery method was superior on
the first initial learning test, no difference was measured on later
tests. There was a difference in achievement found on the basis of
the sex variable--male subjects were superior (with directed-discovery
method) as measured by the criterion test.28
Moss used the two methods of instruction with high school
Industrial Arts-Graphics students. He used a tape-recorder to pre-
sent the instructional material to the two experimental groups. Thus
the order of content and length of time devoted to each item of infor-
mation could be controlled. Moss concluded that there was no advan-
tage in using direct-detailed or directed-discovery methods when the
material taught was nonmanipulative.
Technical content was drawn from the area of letterpress imposi-
tion. No significant differences were found on nine sets of measures
representing pertinent experimental characteristics: (1) I.Q. scores,

(2) chronological age, (3) mechanical drawing grade, (4) average grade

in Industrial Arts courses, (5) "personality" rating, (6) previous

270. N. Grote, "A Comparison of the Relative Effectiveness of
Direct-Detailed and Directed Discovery Methods of Teaching Selected
Principles of Mechanics in the Area of Physics" (Ed.D. dissertation,
University of I1linois, 1960), p. 9.

281pid., p. 12.
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printing experience, (7) previous imposition experience, (8) years of
parental schooling, and (9) grade placement.29
Rowlett applied the two methods to the area of Industrial
Arts-Drawing, in teaching the concepts of orthographic projections:
high, average, and low-ability groups were the independent variables;
while initial learning, retention, and transfer at specified inter-
vals were the dependent variables. After comparing test results, the
author concluded that effective learning can be accomplished by
either method.30
In 1962 Suess completed his experimental study, which was a
replication of Rowlett's work with the addition of the varying degrees
of manipulation on the directed-discovery method. The students in
the sample were randomly assigned to one of four groups. Two of these
groups were urged to "visualize" in the instructional session, while
the other two groups were given scale-model blocks to manipulate
while completing workbook exercises. Suess concluded that there was no
difference in achievement as a result of the amount of manipulation as
measured by initial learnings test, or on subsequent retention tests

administered twelve days and six weeks 1ater.3]

29J. Moss, Jr., "An Experimental Study of the Relative Effec-
tiveness of the Direct-Detailed and the Directed Discovery Methods of
Teac?ing Letter-Press Imposition," Dissertation Abstracts 21 (April
1961): 2992.

3OJ. D. Rowlett, "An Experimental Comparison of Direct-
Detailed and Directed Discovery Methods of Teaching Orthographic
Projection Principles and Skills" (Ed.D. dissertation, University of
I111nois, 1960).

3]A. R. Suess, "An Experimental Study Comparing the Effec-
tiveness of Varying Degrees of Manipulation on the Directed Discovery
Methods of Presenting Orthographic Projection," Dissertation Abstracts
23 (May 1963): 4269.
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The application of the direct-detailed and directed-discovery
methods of instruction to industrial arts electricity was studied by
Brenner. He used 120 college students in his study sample, who were
enrolled in a basic electricity course and involved in the six labora-
tory sections. Random assignment of the two sections to the two
methods of instruction was used. Brenner found the directed-discovery
method significantly superior with regard to the electrical problem-
solving performance of low-ability students. Both methods appeared
to be equally effective for technical information learning, influenc-
ing student attitude toward electricity, and retention of the cogni-
tive content.32

Much has been written regarding the effectiveness of several
modes of instruction. Research evidence exists to support one method
over another. Two modes that appear quite applicable to individual-
ized instruction are direct-detailed and directed-discovery. These
modes yield themselves to minimal student-teacher interaction in the

learning situation. Therefore these modes were chosen to be used in

this experimental study.

Learning Styles

The term "style" is of common usage today, but carries with it
connotations that are different for different people. One may refer
to a person's style of living, speaking, or learning. To give some

perspective to the term as used in this study, this section will

326. J. Brenner, "An Experimental Comparison of Direct-
Detailed Versus Directed Discovery Laboratory Exercises in Teaching
Selected Elements of Basic Electricity" (Ed.D. dissertation, Univer-
sity of Missouri, 1968).
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(1) review different definitions of style, (2) list types of learn-
ing styles, and (3) review related research on styles that affect

teaching and learning.

Definition of Style

Learning style was defined by Taba, Levine, and Freeman33 as

modes of thought which an individual employs rather persistently in

34 viewed learning

a variety of different cognitive tasks. De Cecco
styles as the personal ways an individual processes information in
the act of learning new concepts and principles.

In their investigations of relationships between learner
characteristics and methods of instruction, Tallmadge and Shearer
define learning style as ". . . an attribute of an individual which
interacts with instructional circumstances in such a way as to produce
differential learning achievement as a function of their circum-
stances.35

In a number of studies, the term cognitive style appears to
be used in the same sense as learning style. Kagan, Moss, and Sigel
defined cognitive style as ". . . a term that refers to stable indi-

vidual preferences in mode of perceptual organization and conceptual

33y, Taba, S. Levine, and F. E. Freeman, Thinking in Elemen-
tary School Children (San Francisco: San Francisco State College,

1964), p. 8.

34J. P. De Cecco, The Psychology of Learning and Instruction
(Englewood Cliffs: Prentice-Hall, Inc., 1968), pp. 75-76.

35(:. K. Tallmadge and J. W. Shearer, "Relationships Among
Learning Styles, Instructional Methods, and the Nature of Learning
Experiences," Journal of Educational Psychology 60, 3 (1969): 222.
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t.“36 Hi1l and Nunney have

categorization of the external environmen
done extensive work with cognitive style mapping, and they define a
student's cognitive style as being ". . . determined by the way he
takes note of his total surroundings--how he seeks meaning, how he
becomes 1nformed."37 Hester and Tagatz write that “"cognitive style
can be considered an inherent organism's variable, the qualitative
aspects of which are stable, while the quantitative aspects increase
with the individual's deve]opments."38
In a publication by Rosenberg, learning style is defined as
follows:
If a person is observed in a number of different problem-
solving situations, a modal pattern of behavior can usually
:g i:g:::aigeg; h%: :zy%gi§9modal pattern of his behavior that
Banks, in his study of the interaction of learning styles,
concluded that
Considering all facets of the research on cognitive style, map-

ping and learning style, an operational definition for learning
style is suggested to be: consistent patterns of behavior or

36J. Kagan, H. A. Moss, and I. E. Sigel, "The Psychological
Significance of Styles of Conceptualization," in Basic Cognitive
Processes in Children, ed. J. F. Wright and J. Kagan; Monograph of
the Society for Research in Child Development 28 ?1963): 73.

37J. E. Hi1l1 and D. W. Nunney, "Career Mobility Through Per-
?onaI;zed Occupational Education," American Vocational Journal 46
1971): 38.

38F M. Hester and G. E. Tagatz, "The Effects of Cognitive
Style and Instructional Strategy on Concept Attainment," The Journal
of General Psychology 85 (1971?: 230.

39M. B. Rosenberg, Diqgnostic Teaching (Seattle: Special
Child Publications, 1968? p. 22.




35
activity preferred and employed by the individual to eff 3ctively
and efficiently acquire knowledge, skills and attitudes.40
Learning style appears to be a significant aspect of an indi-
vidual's capacity to learn. Methods of assessing an individual's
learning style exist. An aspect of the present study was an attempt
to determine if matching between a student's learning style and

instructional mode could be effectively performed.

Types of Learning Styles

In any research dealing with the subject, the definition of
learning style becomes an all-encompassing feature. Many researchers
have isolated and defined the various dimensions in the area of learn-
ing styles. Among these, Kagan, Moss, and Sigel refer to three basic
cognitive styles--analytic-descriptive, relational-contextual, and
inferential-categorical--which are based on children's and adults'
performances in grouping and sorting tasks.

The analytic-descriptive individual prefers to split the
stimuli in his environment into parts and to attend to these in units.
. They differentiate these units in the formation of categorizations.

The relational-contextual individual chooses to characterize
objects in the environment on the basis of a functional relationship

that may exist among the objects.

400 C. Banks, "An Investigation of the Interaction of Learn-
ing Styles and Types of Learning Experiences in Vocational-Technical
Education," Final Report (Menomonie, Wisconsin: Center for Voca-
tlon§1, Technical and Adult Education, University of Wisconsin-Stout,
1973), p I-7.
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The inferential-categorical individual prefers to form his
categories on the basis of inferences made about the stimuli that he
groups together.4]

Cognitive interest styles relating to vocational interests
have been formulated by Holland as a result of his experiences as a
vocational counselor and clinician. He writes:

After reviewing the vocational literature--especially factor
analytic studies of personality and vocational interests--I
concluded that it might be useful to categorize people into
six types: Realistic, Intellectual, Social, Conventional,
Enterprising and Artistic.
Each of the styles is composed of personal qualities that create pre-
dispositions for a particular class of vocations. The assumption
was that a person would be in a vocational field that fitted his pre-
disposition and vocational style.

The realistic-style individual copes with his physical and
social environment by selecting goals, values, and tasks that entail
the objective, concrete valuation and manipulation of things, tools,
animals, and machines. He prefers agricultural, technical, skilled
trade and engineering vocations, but avoids supervisory and leader-
ship roles. He likes activities that involve motor skills, things,
realism, and structure.

The intellectual-style person copes with the physical and
social environment through the use of intelligence; he solves prob-

lems primarily through the manipulation of ideas, words, and symbols.

4]Kagan, Moss, and Sigel, "Psychological Significance," p. 76.

42J. L. Holland, The Psychology of Vocational Choice (Waltham,
Mass.: Blaisdell, 1966), p. 15.
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Preference is for the academic and scientific areas. Activities that
involve analytic and imaginative behavior are the forte of this style.

The social-style individual copes with his environment by
selecting goals and tasks in which he can use his skills with an
interest in other persons in order to train or change their behavior.
Vocations preferred by social individuals are of an educational,
religious, or therapeutic nature. He prefers activities involving
religious, social, and esthetic expression, and concerns himself with
human welfare.

The conventional-style person copes with his environment by
selecting goals, tasks, and values that are sanctioned by custom and
society. He prefers occupations that are structured and role oriented,
such as clerk, accountant, and appraiser. Activities involving cleri-
cal and computational tasks are well-liked.

The enterprising-style person is one who copes with his world
by selecting goals, tasks, and values through which he can express
his adventurous, dominant, enthusiastic, energetic, and impulsive
qualities. His preference is for business roles and activities at the
supervisory level. Activities in which he can make use of his per-
suasive, self-confident, extroverted nature are preferred.

The artistic-style individual copes with his physical and
social environment by using his feelings, emotions, intuitions, and
imagination to create art forms or products. He prefers occupations
which involve his design and conducting skills. Preference is for activi-

ties wherein he can use his independence of judgment and originality.43

®1bid., pp. 16-35.
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Johnson and Moore found the discriminatory efficiency of the
six Vocational Preference Inventory scales (of Holland) for the
technical-vocational sample of students relatively impressive. In
their study, 59 percent of the trainees were correctly assigned on
the basis of VPI profiles.**

In his book, Diagnostic Teaching, Rosenberg identified four

learning styles:

1. Rigid inhibited--a tightly closed system for processing
information such that both intrapersonal and extrapersonal
sources of information are suppressed.

2. Undisciplined--a person who tends to be overly sensitive to
intrapersonal sources of information and has not learned to
effectively utilize extrapersonal sources.

3. Acceptance Anxious--a person tending to be overly sensitive
to extrapersonal sources of information and who has not
learned to effectively utilize intrapersonal sources.

4. Creative--a person who has learned how to harmonize the
utilization of both extrapersonal and intrapersonal sources
of information such that maximum utilization can be made of
both learning activities.45

According to Rosenberg, a person's style depends upon two dimensions

of his information-processing ability: (a) locus of information and
(b) level of symbolization. The first involves the degree of openness
for information from within and outside the learner. The second
relates to the level of abstraction the learner can manage symbolically
in problem-solving situations.46

Rosenberg hopes that the teacher will be able to use his clas-

sification of students in (a) anticipating how the student will relate

440. M. Johnson and J. C. Moore, "An Investigation of Holland's
Theory of Vocational Psychology," Measurement and Evaluation in Guidance
5 (January 1973): 493.

45
46

Rosenberg, Diagnostic Teaching, pp. 33-61.

Ibid., p. 63.
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intrapersonally, and (b) anticipating how the student is likely to

select, integrate, and act upon information presented to him in a

47

learning situation. Commenting upon the three components of diag-

nostic teaching, Rosenberg writes that the teacher should:

1. possess a clear teaching objective and knowledge of steps
necessary to reach that objective.

2. thoroughly assess the individual differences that signifi-
cantly influence the child's learning abilities. This
includes assessment of his learning style.

3. "harmonize" the curriculum with ths unique competences,
needs and interests of each child.48

Oen, while directing a learning styles project, wrote:

In order to truly individualize the learning situation, one
must assess all characteristics of an individual, be aware that
different characteristics exist in all students, and be compe-
tent in making vigue judgments that affect learning based on
these variables.

In this vein, the most elaborate and comprehensive undertaking found
in this search of related literature is the work of Hill and Nunney
at Oakland Community College. Hill describes their program and the
use of cognitive style as follows:

Oakland Community College accepts the premise that no two
students seek meaning in exactly the same manner. We believe
that . . . students can learn . . . if the teaching methods
and media are adjusted to the students' educational cognitive
style. The College maps the cognitive style of each student
to provide a picture of various ways in which he searches for
meaning. . . . This information can be used to build a per-
sonalized program of instruction.

Results from a battery of tests and inventories are pro-
cessed through the College's computer system to produce a map
of cognitive traits that describe the many ways each student
might seek meaning. Cognitive maps are printed out in the form

“81pid., p. 21.

1bid., p. 6.

49U. T. Oen, "Investigating the Interaction of Learning Styles
and Types of Learning Experiences in Vocational-Technical Education,"
Interim Report (Appleton, Wisconsin: Fox Valley Technical Institute,

1973), p. 22.
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of a Cartesian product of three sets. The first set indicates
a student's tendency to use certain types of symbols. The
second set indicates influences which the student brings to
bear in deriving meaning from symbols. The third set indicates
the manner in which he reasons. A maximum of 2,560 different
profiles of these elements are possible for an individual to
show in his map at a given level of educational development.50

Their system uses two types of symbols, theoretical and quali-
tative, which are considered basic to the acquisition of knowledge
and meaning. There are four theoretical factors:

1. Theoretical Visual Linguistic--written words
2. Theoretical Auditory Linguistic--spoken words
3. Theoretical Visual Quantitative--written numbers
4. Theoretical Auditory Quantitative--spoken numbers

There are twenty qualitative factors:
. Auditory--ability to perceive meaning through the sense of
hearing
Ol1factory--ability to perceive meaning through the sense of
smell.
Savory--ability to perceive meaning through the sense of taste
Tactile--ability to perceive meaning through the sense of touch
Visual--ability to perceive meaning through the sense of sight
. Proprioceptive--ability to synthesize a number of symbolic
mediations into a performance demanding monitoring
of a complex task FThis is sometimes referred to as
the sixth sense. There are four subcategories,
identified as Dextral, Kinematics, Sinestral, and
Temporal. ]
Code Empathetic--sensitive to the feelings of others
Code Esthetic--ability to enjoy the beauty of an object or idea
Code Ethic--commitment to a set of values, a group of prin-
ciples, obligations and/or duties
10. Code Histrionic--ability to exhibit a deliberate behavior, or
play a role to produce some particular effect on
other persons
11. Code Kinesics--ability to understand, and to communicate by,
non-linguistic functions such as facial expressions
and motions of the body
12. Code Kinesthetic--ability to perform motor skills, or effect
muscular coordination according to a recommended,
or acceptable, form

oBw N

© @~

50J. E. Hi1l and D. N. Nunney, "The Educational Sciences"
(Bloomfield Hills, Michigan: Oakland Community College, 1971), p. 3.
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13. Code Proxemics--ability to judge the physical and social dis-
tance that the other person would permit, between
oneself and that other person.

14, Code Synnoetics--personal knowledge of oneself

15. Code Transactional--ability to maintain a positive communica-
tive interaction which significantly influences the
goals of the persons involved in that interaction

16. Code Temporal--ability to respond or behave according to time
expectations imposed on an activity by members in
the role-set associated with that activity

In addition, Hill has identified three cultural determinants
of the meaning of symbols: (1) individuality, (2) associates, and
(3) family. There are also five forms or modalities of inference
mapped, that the individual uses in the process of deriving meaning.
These modalities of inference are: (1) Magnitude, (2) Difference,
(3) Relationship, (4) Appraisal, and (5) Deductive.52

The cognitive style map of an individual is derived from these

multiple inputs. The individual's mode of behavior, in search for

meaning, or cognitive style, is represented by a Cartesian product.

G=SXxExH
where G = the Cartesian product
S = symbols and their meaning
E = cultural determinants of the meanings of symbols
H = modalities of influence '

The purpose of determining an individual's orientation in each
of the three sets making up cognitive style is to determine his
strengths at a given level of educational development. This diagnosed

cognitive style then provides information for the teacher and the

5]J. E. Hi1l and D. N. Nunney, "Personalizing Educational Pro-
grams Utilizing Cognitive Style Mapping" (Bloomfield Hills, Michigan:
Oakland Community College, Revised 1974), pp. 4-5.

21pid., p. 5.
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student to presbribe specific instructional activities that insure

with high probability that the student will successfully accomplish a

specific educational task.53

The Structure-of-Intellect model (see Figure 1) developed by
Guilford identified styles which may have applicability to education.
He states that

. . . we might well undergo transformations with respect to
our concept of the learner and the process of learning. Under
the prevailing conception, the learner is a kind of S-R device,
much on the order of a vending machine. You put in a coin, and
something comes out. The machine learns what reaction to put out
when a certain coin is put in.

If, instead, we think of the learner as an agent for dealing
with information, where information is defined broadly, we have
something more analogous to an electronic computer. We feed a
computer information; it stores that information; it uses that
information for generating new information, either by way of
divergent or convergent thinking; it evaluates its own results.

We do not know to what extent each factor is determined by

- heredity and to what extent by learning. The best position for
educators to take is that possibly every intellectual factor can
be developed in individuals at least to some extent by learning.s4

Guilford identifies four kinds of intelligence, two of them
being called Figural (concrete)/Symbolic (signs). Those abilities
involving the use of figural information may be regarded as concrete
intelligence. Abilities important to learning to recognize words, to
spell, and to operate with numbers may be regarded as symbolic intel-

ngnce.s5

53c. M. Lange, "A Study of the Effects on Learning of Matching
the Cognitive Styles of Students and Instructors in Nursing Education"
(Ph.D. dissertation, Michigan State University, 1972), pp. 20-22.

54J. P. Guilford, "Three Faces of Intellect," The American
Psychologist 14, 8 (1959): 478.

1bid., pp. 477-78.




43

C,
<
4§?~ o
< e £
of‘, ’:99 k
p
.9902‘
47
9/),})
PRODUCTS
Units
Classes \\\‘
Relations \\\\~‘\~\\\~~‘\~
Systems ~\‘\~\\\\\\‘~\\~
Transformations \\‘~\\\~\\‘~~\\~
Implications \\\\~\\\~\\\g\\~
D
oo, N
S '%é 2 s
Ll E + 1 5
R AR
S 2
o
CONTENTS

Fig. 1.--Structure-of-Intellect model.



44

Thelearning styles, used in this present study, are based upon

the work of John Banks, previously with the University of Wisconsin-

Stout. He developed a matrix of some of the styles which he felt had

applicability to vocational-technical education. The matrix (see

Table 1) provides information on the various behavioral character-

istics for a given learning style and possible instructional mode to

accommodate the given style.

The definitions which Banks used for each of the style dimen-

sijons are:

Learning Style--Consistent patterns of behavior or activity pre-
ferred and employed by the individual to effectively and
efficiently acquire knowledge, skills and attitudes.

Concrete Style--A preferred learning strategy employed by the
individual where optimum learning is affected by that indi-
vidual in a situation that allows the learner to become
personally and actively involved with an object or in direct
contact with phenomena in "hands on" experience.

Symbolic Style--A preferred learning strategy employed by the
individual where optimum learning is affected by that indi-
vidual in a situation that allows the learner to engage in a
wide variety of mediated, computational, reading or verbal
interaction to achieve learning.

Structural Style--A preferred learning strategy employed by the
individual where optimum learning is affected by the learner
in a highly organized situation. The sequence and form of
instruction are determined prior to engaging in the learning
activity.

Unstructured Style--A preferred learning strategy where optimum
learning is affected by the learner in an unorganized situa-
tion. The student utilizes a random pattern of personal
selection and involvement in learning activities and objec-
tives and a specific sequence are avoided.

56Banks, "An Investigation," p. I-16.
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Table 1.--Behavioral activity characteristics representing selected
learning styles and possible instructional modes to accommodate the

styles.

Learning Style
Dimension

Behavioral Activity
Characteristics
Representing Style

Recommended Instructional
Modes for the Style

1.1-Concrete

1.1.1-Likes to deal with
objects with "hand-
on" activities

1.1.2-Deals directly with
phenomena

1.1.3-Personal involve-
ment

1.1.4-Employs use of tools,
materials & equip-
ment

1.1.1-Laboratory activi-
ties
.1.2-Experiments
.1.3-Group activity
.1.4-0bject involvement
(project)
1.1.5-Mediated tutorial

1.2-Symbolic

1.2.1-Prefers to deal with
abstract represen-
tation of objects
to convey learning

1.2.1-Computations
.2.2-Verbal activity
.2.3-Mediated instruc-
tion
1.2.4-Language and read-
ing activity

—

2.1=-Structured

2.1.1-Prefers to partici-
pate in highly organ-
ized activities from
simple to complex

2.1.2-Passive student in-
volvement in plan-
ning & organizing
student activities

2.1.1-Entire course
sequence and con-
tent specified
for the student

2.2-Unstructured

2.2.1-Prefers no definite
pattern of class-
room organization
2-Self-pacing
3-Active student in-
volvement in plan-
ning &organizing
activities
2.2.4-Prefers to "plan"
his ownactivities

2.2.
2.2.

2.2.1-Self-guided in-
struction

2.2.2-Student selection
of content and
objectives

2.2.3-Self-sequence with
few guidelines
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Related Research on
Teaching and Learning

Studies that differed in design and use of instructional
methods as a function of learner characteristics have reported con-
flicting results.

Tallmadge and Shearer conducted a study to determine whether
training effectiveness could be increased by using various instruc-
tional methods as a function of identifiable student characteristics.
It was found that interactions between instructional methods and
learner characteristics were not statistically significant.57

Tuckman studied the effectiveness of matching teaching style
with student style. He hypothesized that a directive teaching style
would be more effective with concrete, authoritarian students and
a nondirective teaching style would be more effective with abstract,
nonauthoritarian students. The findings showed that all students
were more satisfied with, preferred, and earned higher grades from
nondirective teachers in both vocational and nonvocational subjects.58

The relationship between selected personality variables and
learner academic performance under two methods of instruction (pro-

grammed and conventional) was studied by Haskell. An attempt was made

to determine what unique contribution the personality characteristics

576. K. Tallmadge and J. W. Shearer, "Relationships Among
Learning Styles, Instructional Methods, and the Nature of Learning
Experiences," Journal of Educational Psychology 60, 3 (1969): 228.

58 . Tuckman, "A Study of the Effectiveness of Directive
Versus Non-Directive Vocational Teachers as a Function of Student
Characteristics and Course Format," Final Report (New Brunswick,
New Jersey: Rutgers, The State University, September 1968), p. 89.
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of learners made toward facilitating or retarding achievement when
adjustment was made for the effects of general mental ability. No
significant differences were found in the mean achievement of groups
who received the various treatments. Haskell concluded that
. . . programmed instruction appeared to hold promise for stu-
dents who were agreeable and easy to get along with and/or who
were inclined to be slow and methodical, while those who were
Torm betten under. conventional instroseion 38 oo 1o PeT
Hester and Tagatz concluded that the mode of individual con-
cept formation--i.e. cognitive style--is an important dimension of
individual differences in cognitive functioning. Their study indi-
cated that individuals can be instructed in a manner consistent with
their cognitive sty]e.60
Lange used the "Cognitive Style Mapping" of Hill and Nunny in
her study of matching students and instructors. She concluded that
matching does not significantly change the failure-withdrawal rate
of students in nursing education. Matched students do, however, per-

ceive their instructors more positively and achieve higher mean scores

than do nonmatched students. Lange also reported that the students'

59Roger W. Haskell, "Effect of Personality Characteristics
Upon Learning Via Selected Modes of Instruction--An Experimental
Investigation," in Review and Synthesis of Research on Individualiz-
ing Instruction in Vocational and Technical Education, ed. J. T.
Impelliteri and C. R. Finch (Columbus, Ohio: The Center for Voca-
tional and Technical Education, The Ohio State University, 1971),
p. 27.

60F. M. Hester and G. E. Tagatz, "The Effects of Cognitive
Style and Instructional Strategy on Concept Attainment," Journal of
General Psychology 85 (1971): 237.
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cognitive maps do change over time, based on the numerical analysis
of the cognitive style maps for students who were “re-diagnosed."SI
John Banks developed an instrument (see Appendix B) to measure
a student's learning style on two continua--concrete/symbolic and
structured/unstructured. He concluded
1. that learning style is a measurable and definite variable
as it relates to effective and efficient learning,
2. that the final instrument can effectively determine an
individual's learning style, and
3. that student learning styles should be an important con-
sideration in attempting to individualize instructional pro-
grams. 6
The final section of this review was related to learning
styles. Several different definitions were presented along with a
discussion of types of learning styles from different perspectives.
Although research does exist with regard to the use of learning
styles in the teaching and learning environment, none was located that
paralleled the proposed experimental matching of this study. The
work of Banks and Oen, however, yielded valuable information for the

present study.

Summary
This review of literature has dealt with three selected areas:

the individual, modes of instruction, and learning styles. The first
section dealt with individual differences. Several different approaches
or methods of instruction were suggested. Individualized instruction,

when properly planned, implemented, and managed, appears to hold the

61 ange, "A Study of the Effects," pp. 117-22.
GZBanks, "An Investigation," pp. III-53, III-54.
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greatest promise of allowing each individual to achieve to the full-
est of his desires and capabilities. The present study proposed to
make use of an educational setting where individualized instruction
was being used exclusively.

Selected modes of instruction were the concern of the second
section of this review. Studies comparing the traditional lecture-
discussion method and more individualized approaches were reviewed.
Inductive and deductive methods were compared as to their effective-
ness. Studies using the direct-detailed and directed-discovery
methods were reviewed for their techniques employed and findings.
The ability to solve problems is a goal of the educational process.
Thorndike (1951) suggested that "real problems in the student's 1ife"
should be used. The two modes that were selected for this study,
direct-detailed and directed-discovery, yield themselves well to
minimal student-teacher interaction in the learning situation.

In the final section of this chapter, learning style was
defined. It appears that learning style is a significant aspect of
an individual's capacity to learn. Various types of learning styles
were discussed. The learning style matrix developed by John Banks
was presented.

Related research on teaching and learning was reviewed in
the last portion of this section. It was concluded that an indi-
vidual's learning style could be identified, and that it should be an
important consideration in attempting to individualize instructional
programs. Although research does exist with regard to the use of

learning styles in the teaching and learning environment, none was
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located that paralleled the proposed experimental matching of this
study. The works of Bank and Oen, however, yielded valuable infor-
mation for this study.

Tallmadge and Shearer (1971) asked some serious questions
relative to the effectiveness of all learning style research. How-
ever, while questioning the effectiveness, they further state that
"it does not appear that learning style research should be abandoned."
This study is an attempt to continue the research and the next chap-
ter presents the research design, the setting, and the procedures

used.



CHAPTER III

DESIGN OF THE EXPERIMENT

Introduction

The many aspects of the experimental design are described in
this chapter. It begins with a description of the setting, popula-
tion, and sampling procedures and is followed by a discussion of the
learning style assessment. Included in the section is the descrip-
tion and discussion of the Learning Activities Opinionnaire as used
at the Fox Valley Technical Institute. The pilot study, which was
completed to aid in the adaptation of this instrument to the popula-
tion in question, is discussed also. The following section presents
a description of the learning tasks and materials used, along with a
discussion of the importance of teaching metric measurements to
students in U.S. schools now.

The procedures and treatments used in this study are des-
cribed next. Samples of the instructional materials may be found in
the appendices. The description of the experimental matching scheme
is followed by a discussion of the statistical treatment in general.
The chapter is brought to a close with a discussion of the hypotheses
which were presented in Chapter I and a summary of the overall design

of the study.

51
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Setting, Population, and Sampling

Setting
The setting for this study was the Capital Area Career Center

in Mason, Michigan. The Center is the area vocational center oper-
ated by the Ingham Intermediate School District. It provides voca-
tional training for students attending eleven high schools located
within Ingham County, with the exception of those attending the
City of Lansing Public Schools.

The Center became operational in September of 1972 with a
completely modular (learning packets) curriculum. Individual Pre-
scribed Instruction is made possible through the use of a computer-
ized schedule and record-keeping system. The Center has three occu-
pational areas: Business, Health, and Trade & Industry. Supportative
areas are: General Learnings, an instructional area for occupationally
related reading, mathematics, blueprint reading, measurement, and
pre-employment skills; and Student Services, a counseling, work

experience, job placement, and records area.

Population
The population used for this study was the set of approxi-

mately 850 students who attended the Capital Area Career Center during
the 1974-75 school year. About 450 students attended the morning
session and the remaining 400 attended during the afternoon session.
Each student, upon initial enrollment at the Center, had com-
pleted a series of tests to ascertain his/her reading and computa-

tional skills. The Gates-MacGinitte Reading Tests were used for the
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assessment of reading skills. An in-house developed mathematics test
was used for the assessment of computational skills. The scores of
these two tests become a part of the student's record and are used

to determine the extent of General Learnings instruction which the

student will receive at the Center.

Sampling
The General Learnings Coordinator was asked to randomly

select 100 students from all of the occupational programs to partici-
pate in this study. Due to program conflicts and absences, the sample
for the study consisted of fifty-two morning session students and
forty afternoon session students. These ninety-two students repre-
sented seventeen out of the twenty-two occupational programs offered
at the Center.

From the Business Occupational Area, twenty-five students
were chosen, representing such programs as Secretary and Clerical,
Bookkeeping and Accounting, Data Processing, Business Services, and
Graphics-Visual Communications. Twenty-three students were chosen
from the Health Occupational Area, including students from the Histo-
logical Technician, Medical Assistant, Dietetic Technician, and
Cosmetology programs. The remaining forty-four students came from
the Trade & Industry Occupational Area, where the occupational pro-
grams of Heating-Air Conditioning, Welding, Building Maintenance,
Major Appliance Repair, Electronics Technician, Television Repair,
Auto Body, and Machine & Tool are offered.

Table 2 shows the distribution of the student body at the

Center in the three occupational areas during the 1974-75 school year.
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Also indicated is the number and percentage of the sample from each
occupational area. Of the ninety-two students within the sample,

thirty-nine were female and fifty-three were male.

Table 2.--Occupational area, population and sample size.

Sample Size

Occupational Area Student Population
Number %
Business 259 25 9.6
Health 152 23 15.1
Trade & Industry 421 44 10.5
Total 832 92 na

Reading comprehension.--The reading comprehension level range,

means, and standard deviations for each occupational area represented
in the sample are shown in Table 3. It is evident from this table
that most of the students had a reading comprehension level above the
sixth grade. The sixth grade equivalent reading level is used for
all curricular reading material developed and used at the Center.

The instrument and instructional materials used in this study were
written at the sixth grade equivalent reading level, as indicated

elsewhere in this chapter.

Computational skill.--The Computational Skills Test is an

instrument which was developed by the General Learnings Area staff and
based upon a series of supportative arithmetic manuals produced by

Science Research Associates of Palo Alto, California. It consists of
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a series of mathematical problems dealing with whole number, frac-
tional number, money, and decimal number concepts, and the operations

of addition, subtraction, multiplication, and division.

Table 3.--Occupational area and reading comprehension.

Reading Comprehension Leveld

Occupational Area (Sample Size)
Range Mean Std. Deviation

Business (25) 7.1-13.5 10.3 1.8
Health (23) 7.1-12.6 9.6 1.4
Trade & Industry (44) 4.5-16.8 10.0 2.9

Overall (92) 4.5-16.8 9.9 2.3

3As measured by the Gates-MacGinitte Reading Test, and listed
as a grade equivalent score.

The student's tests are scored on a pass-fail basis for each
of the operations with each of the concepts. Because of the nature of
the mathematics involved in the learning eiercises used in this study,
only fhe scores on whole number and decimal number operations were
used for the computational skill variables.

Table 4 shows the percentages of pass on whole and decimal
number operation by occupational area, for the students in the sample
only.

It was indicated earlier that the Reading Comprehension and
the Computational Skill Tests are administered upon the student's entry

to the Center. Since the study was conducted during the spring term,
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some time had elapsed since the test scores were collected. It is the
policy of the Center to schedule students into the Reading and/or
Mathematics Programs of the General Learnings Area if their tests
showed that they possessed skills below those required by their par-
ticular occupational program. Thus it is quite possible that a number
of the students in this study sample actually had higher reading and/
or computational levels than are indicated on their records due to
instruction received during the school year. The Reading Program
attempts to raise the reading skill level to the sixth grade equiva-
lent level, of only those students who scored below this level. Only
five students, or 5.4 percent of the sample, were tested below this
point. The Mathematics Program has many more students scheduled to
it, since, in many of the occupational programs, computational skill

is important. Thus it can be assumed that many of the students in
this sample had been scheduled for, and had completed, supportative

mathematics programs during the school year.

Table 4.--Occupational area and computational skill.

Computational Skill

Occupational Area (Sample Size) Whole Number  Decimal Number
Operations Operations
Business (25) 87.5% pass 66.7% pass
Health (23) 79.1% pass 25.0% pass
Trade & Industry (44) 77.3% pass 40.9% pass

Overall (92) 80.4% pass 43.5% pass
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It should be pointed out that thirty-seven students in the
sample, or 40.2 percent, had passed both the whole number and the
"decimal number portions of the Computational Skills Test. These
students, therefore, would not have received additional instruction
in whole number or decimal number skills.

The computational skills of the remaining fifty-five students
may have improved, indeed, would be expected to have improved, from
the level shown at time of entry to the Center. However, prior
end-of-school-year retests on the Computational Skills Test (on a
random number of students) have shown that the computational skill
improvement was not as great as would be expected from the amount of
exposure to the supportative mathematics program.

It was therefore concluded that the scores on the Reading
Comprehension Level and the Computational Skills Tests are reasonably
accurate indicators of the abilities of the students in this sample
for the purposes of this study. It was therefore decided not to

retest the students on these measures.

Learning Style Assessment

Background
Many individualized instructional programs have spent con-

siderable research time and monies deciding on the content of the cur-
riculum. In many of these programs, emphasis seems to be placed upon
the time required for the student to complete the program. However,
little is ever indicated that the individual learner and his needs

were of concern to the developers.
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As James Dunn stated in a paper he delivered at an American
Psychological Association Symposium:

If one is to be serious about the individualization, however,

in addition to individualization based on what is to be learned,
and individualization based on amount of exposure to that which
is to be learned, individualization must also be based on how
one will learn, i.e., on learning style, on the vaTious ways

in which the content to be learned may be studied.

Dunn continues by stating that it is necessary to have information
about the needs, interests, abilities, and aspirations of the indi-
vidual for whom the program of study is to be generated.2

This is where the assessment of the students' learning style
becomes 6f importance. As was indicated in the review of literature,
it is possible to assess learning style. However, the instruments
that are available vary considerably in purpose, complexity of admin-

jstration, scoring, and interpretation.

Learning Activities Opinionnaire

A meeting with Urban Oen led this researcher to look at the
learning styles project Oen was directing at Fox Valley Technical
Institute. Oen's interests were multidimensional, and included among
other items: (1) the identification of learning styles relevant to

vocational-technical education, (2) the development of an ideal

]James A. Dunn, "The Accommodation of Individual Differences
in the Development of Personal Programs of Study," in Developmental
Efforts in Individualized Learning, ed. Robert A. Weisgerber (Itasca,
ITTinois: F. E. Peacock Publishers, Inc., 1971), p. 31.

2Ibid., pp. 31-32.
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individualized learning model, and (3) the development of a computer-
based management system.3
A part of this learning styles project was subcontracted by
the University of Wisconsin-Stout with John Banks as its director.
Banks' responsibility was to develop a learning styles attitude
instrument which would be used to assess students' learning styles.4
The final instrument, "Learning Activities Opinionnaire" (see
Appendix B), measured the students' learning styles on two continua:
(a) concrete-symbolic, and (b) structured-unstructured. The concrete-
symbolic continuum is characterized by preference for direct, personal,
and hands-on activities using tools and materials; to preference for
dealing with abstract representations of objects and phenomena to
convey learning. The structured-unstructured continuum is character-
jzed by preference for highly organized activities with passive
student involvement in planning; to preference for self-pacing and
active student involvement in planning and organizing.
The Learning Activities Opinionnaire contains twenty-two
items which reflect various points on the two continua (concrete/

symbolic and structured/unstructured). Scoring was done in such a

manner that high scores represent the concrete and structured learning

3Urban T. Oen, "Investigating the Interaction of Learning Styles
and Types of Learning Experiences in Vocational-Technical Education,"
Interim Report (Appleton, Wisconsin: Fox Valley Technical Institute,
August 1973).

4John C. Banks, "An Investigation of the Interaction of Learning
Styles and Types of Learning Experiences in Vocational-Technical
Education," Final Report (Menomonie, Wisconsin: Center for Voca-
tional, Technical and Adult Education, University of Wisconsin-Stout,
June 1973).
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styles. The first eleven items on the instrument relate to the
concrete/symbolic learning style. The high score of fifty-five on
these items would indicate a very concrete learning style, while a low
score of eleven would reflect a very symbolic learning style. The
last eleven items are concerned with the structured/unstructured
learning style, and are scored in a similar manner.

Perusal of the reports written by Oen and Banks led the
reséarcher to decide that the instrument which they had used might
well fit the intent of the present study. John Banks granted permis-
sion to use and/or adapt the Learning Activities Opinionnaire for

this study.

Pilot Test

It was decided that a pilot testing of the Learning Styles
Opinionnaire should be undertaken with a sample of secondary school
students. The readability of the instrument was of major concern
since the average age of the population of this study was younger than
that used by Banks.

The Area-Wide Career Opportunities Program, operated by the
Eaton Intermediate School District, Charlotte, Michigan, serves a
population which is similar to that of the Capital Area Career Center.
Permission was granted to administer the Learning Styles Opinionnaire
as a pilot test to two groups of their students--those in the Nurse
Aide and those in the Electricity-Electronics classes. These students
were able to identify eight items which they found difficult to com-

prehend.
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The distribution of scores for the pilot test of Banks'

Learning Activities Opinionnaire is shown in Figures 2 and 3.

Figure 2 shows the distribution of scores for the sixteen students

in the Electricity-Electronics class. The distribution of scores for
the twelve students in the Nurse Aide class is shown in Figure 3.

The eight items that were found difficult to comprehend by
the secondary school students from the Area-Wide Career Opportunities
program were rewritten. The SMOG grading technique was then applied
to the revised instrument, to test it for readability at the sixth
grade equivalent level. Several other items of the instrument were
consequently rewritten--as well as the "Instructions to the Student,"
which prefaces the instrument. The modified instrument was renamed
at this time--"Learning Activities Survey"--and may be found in

Appendix C of this study.

The Learning Task

Description of Materials

The materials which comprise the learning task of this study
are in two parts. The first part deals with learning materials related
to the common prefixes and basic units of the metric system. The
second contains learning materials that teach conversion between the
metric and the customary (English) systems of measurement (see Appen-
dix A for these materials and related tests).

More specifically, the metric learning materials contained a
discussion of the decimal relationship of the common prefixes and the

quantities of length, mass or weight, and volume. Example problems
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Fig. 2.--Distribution of scores on the Learning Activities Opinion-
naire; pilot administration, Electricity-Electronics class.
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Fig. 3.--Distribution of scores on the Learning Activities Opinion-
naire; pilot administration, Nurse Aide class.
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in each were posed, and either completed (in the case of struc-

tured learning), or hints given on how to complete them (in the case of
unstructured learning). Finally, a series of problems was given for
exercises.

The learning materials for the conversion between the metric
and customary (English) systems followed a similar pattern. In addi-
tion, these materials suggested a simple, and perhaps novel, method
for accomplishing the conversions. The method uses either multi-
plication or division by a constant factor for each quantity of
measurement (length, mass, and volume) depending upon the direction
of the desired conversion. The advantages of this method are:

(1) it is simple to learn, (2) the same procedure is used with all
quantities, and (3) at the time of complete adoption of the metric

system, one need have learned only a few conversion factors.

Rationale for Their Use

The choice of the metric system materials for this learning
task was based on several conditions that exist at the present time:

1. Newness of the material for the student. In a survey
conducted for the U.S. Metric Study, the Survey Research Center of
the University of Michigan found that the general public knows little
about the metric system. Only 40 percent could name a single unit,
and only half of those were familiar with relationships between

metric and customary um'ts.5

5Danie1 V. DeSimone, A Metric America, Special Publication 345
(Washington, D.C.: U.S. Department of Commerce, National Bureau of
Standards, July 1971), p. 79.
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Among respondents aged less than 25 years, 33 percent knew lit-
tle or nothing, 43 percent knew something, and only 24 percent knew a
great deal about the metric system. In contrast, when one compares on
the basis of education, one finds that of those respondents who have
completed 11 grades or less: 82 percent knew little or nothing, 15 per-
cent knew some, and only 3 percent knew a great deal about the metric
system.6

The students who attend the Capital Area Career Center are
part of the population from which the Survey Research Center of the
University of Michigan selected fts sample for the above statistics.

It was assumed, therefore, that a random sample of these students
would show similar statistics.

A discussion heldwith the Center's staff, concerning the curriculum
content of the various programs, revealed that only one program (Histologic
Technician) used the metric system of measurement. However, no instruction
is given in this program on the conversion between the metric and cus-
tomary systems. Of the ninety-two students in this study, only three
were from the Histologic Technician program. Thus, only this 3 percent
of the sample could be assumed to be somewhat familiar with the metric
system materials as a direct result of instruction at the Center.

On the basis of these data, it was concluded that pretesting of
the students on their knowledge of the metric system and conversion
between the metric and customary systems of measurement was not necessary.

2. Change to the use of the metric system in the United

States is now inevitable. Although the Congress has many times in

b1bid., p. 80.

LA
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the last two centuries considered the merits of adopting the metric
system, each time action was postponed. The primary reason for non-
adoption was that the foreign trading partners of the U.S. were not
themselves using the metric system. Today, however, all other major
nations either have converted, or are committed to conversion to the
metric system.

In 1968, the Secretary of Commerce was authorized by Congress
"to make a study to determine advantages and disadvantages of
increased use of the metric system in the United States."7 This
study, undertaken by the National Bureau of Standards, recommended
two major actions that should be begun immediately:

A. The first is education. Every school child should have the
opportunity to become as conversant with the metric system
as he is with our present measurement system.

B. The second concerns international standards. High quality
American industrial practices should be much more vigor-
ously promoted in international negotiations that are begin-
ning to establish "engineering standards" on a gor]dwide
basis and will increasingly affect world trade.

The Secretary of Commerce, in transmitting the report on the U.S.
Metric Study to the U.S. Congress, reconmended
A. That the Congress . . . establish a target date ten years

ahead, by which time the U.S. will have become predominantly,
though not exclusively, metric; and

B. that early priority be given to educating every American school-

child and the public at large to think in metric terms.

public Law 90-472, approved August 9, 1968, by the Congress
of the United States of America.

8DeSimone, A Metric America, p. xvi.

9Maurice H. Stans, Secretary of Commerce, from a cover letter
submitted with the U.S. Metric Study Report to the Congress of the
United States of America (Washington, D.C., 1971).
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It was therefore concluded to be a propitious time to use the
learning materials on the metric system and conversion between the
metric and customary systems for this study. This particular set of
supportative materials provided a learning situation which fulfilled
the following criteria for the selection of a task:

1. It is concerned with a new system of measurement that the
student will find increasingly in use in the schools, in
industry, and in everyday life;

2. there exists a need for such instruction;

3. performance can be evaluated objectively and accurately;
and

4. the teaching-learning process could be accomplished in a

relatively short period of time.

Procedures and Treatments

During the 1974-75 school year, a total of 832 students
attended the Capital Area Career Center. Ninety-two, or 11.1 percent,
were randomly chosen by the General Learnings Coordinator to partici-
pate in this study. These ninety-two students make up the sample,
with a sex-distribution of fifty-three males (58 percent) and thirty-
nine females (42 percent).

A1l subjects received the same verbal introduction to the pur-
pose of the study and instructions on the procedures to be followed.
The "Learning Activities Survey" was administered, and, as the stu-
dents completed this instrument, they were randomly assigned to
either Treatment A or Treatment B. Random assignment was achieved by

a toss of a coin. This yielded forty-seven students assigned to

dihmims
0
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Treatment A and the other forty-five students assigned to Treatment B.
One student was found who could not comprehend the materials. This
student was excused from participating in the study during the
administration of the Learning Activities Survey.

The appropriate form of the learning material, Instructional
Materials (Form A or B), was theﬁ given to the student. The student
was allowed to study the first learning packet, or module, for as
long as desired. A ten-item performance test was administered upon
completion of the study time. The learning materials for the second
module (of the same treatment form as the first) was exchanged for
the completed test. When the student finished the study of the second
module, he received a second performance test relating only to the
material in the second module. (The reader is referred to Appendix A
for the complete set of learning materials and tests.)

The average completion time for both sets of learning materials
performance tests was one and one-half hours. The students completed
all materials by themselves, with no interaction allowed between
fellow-students, and no assistance given by the instructor. The
instructor merely served as an administrator of the materials.

Treatment A is similar in format to the instructional mate-
rials developed at the Center. These materials, or mods, are a step-
by-step set of instructions. They represent a traditional approach
to the teaching of skills, often called the "tell and do" method.
Treatment B also represents a traditional approach which may be
called the "Socratic" method. Given a problem, a set of leading

questions is presented to direct the learner to its solution. In .
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order to make these materials parallel to those of Treatment A, they
were presented in a similar learning packet format.

Treatment A, the direct-detailed method, used the materials
which were developed and called Instructional Materials (Form A).

In this learning packet, methods were presented, problems were posed
and solved in great detail. Important parts were reviewed, again
using the step-by-step technique. At the end of the learning packet,
eighteen problems were given and the student was shown exactly how
to solve them, using the methods previously described.

Treatment B, the directed-discovery method, used the mate-
rials which were developed and called Instructional Materials (Form B).
This learning packet presented exactly the same material to be
learned; however, the approach was quite different. Following a
brief, concise description of the method, the example problems were
posed and the student was then encouraged to solve them himself.
Hints were interspersed where appropriate, and answers were provided
in subsequent sections. These provided "feedback" and reinforcement.
At the end of the learning packet, the identical eighteen problems
were given; the student was directed to solve them and then check his
answers with the instructor.

It should be emphasized that both forms of instructional
materials were completely in a reading format. A1l of the instruc-
tional materials, as well as the previously discussed Learning
Activities Survey, had been tested with the SMOG grading technique

to ensure an equivalency of the sixth grade reading level.
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The two performance tests were readministered after a five-
week lapse, to test for retention of learning. Due to conflicts in
scheduling, a total of fifty-three students (58 percent) were tested
for retention. These conflicts resulted from the retests being held
at the end of the school year. Consequently, students were found
to be absent from the Center due to their (1) taking final examina-
tions at their "home" school, (2) being on a "work-experience"
assignment, or (3) having completed their program of study at the

Center.

Description of Experimental Matching

The design of the experiment is derived from the matrix
shown in Table 5. The levels of the learning styles are derived
from each subject's composite score on the Learning Activities Survey.
The instrument is discussed in more detail elsewhere in this chapter;
however, it should be indicated that measurements are made on two
continua: (1) concrete-symbolic and (2) structured-unstructured.
Using the midpoint of the continuum as the dividing line, the four
levels are generated: (a) concrete-structured, (b) concrete-
unstructured, (c) symbolic-unstructured, and (d) symbolic-structured.

Two experimental instruction methods were used as the treat-
ments for the experiment. The direct-detailed method was used as
Treatment A, and Treatment B consisted of the directed-discovery
method.

The several letter-coded subcategories of the matrix shown

in Table 5 are defined as follows:



—— —— — — —— e —



71

K = MATCH. The learning style and treatment are in harmony. For
example, a concrete-structured level individual should
find the instruction given under Treatment A to be his
preferred method.

L = NONMATCH. The learning style and treatment are dissonant. For
example, a symbolic-unstructured level individual
should find the instruction given in Treatment A to

be Tess preferred than that under Treatment B.

Table 5.--Learning styles-treatments matrix.

Level of Treatment
Learning Style A--Direct-Detailed B--Directed-Discovery

Concrete-structured
Concrete-unstructured
Symbolic-unstructured
Symbolic-structured

2 r T x
2 xR 2 Tr

There exists the possibility that the individual may score
above the midpoint on one continuum and below the midpoint on the
other continuum of the Learning Activities Survey. This yields
the two letter-coded subcategories on the matrix (Table 5), which are
defined as follows:
M = MISMATCH 1. The first part of the level (concrete or symbolic)
is in harmony with the treatment. For example, a
concrete-unstructured level individual should find

his "concrete" mode in agreement with the format

¥
*
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of Treatment A. Likewise, a symbolic-structured
level individual should find his "symbolic" mode
in agreement with the format of Treatment B.
N = MISMATCH 2. The first part of the level (concrete or symbolic)
is dissonant with the treatment. For example, a
symbolic-structured level individual should find
his "symbolic" mode in disagreement with the
method used in Treatment A. Similarly, a
concrete-unstructured level individual should find
that his "concrete" mode disagrees with the
method of Treatment B.
The type of match and distribution of subjects by treatments
and totals is shown in Table 6. This distribution is the result of
the subjects' scores on the instrument and the random assignment to

the treatments.

Table 6.--Distribution of subjects by type of match, treatment, and

totals.
Type of Match _Treatment Total
A B
Match (K) 25 3 28
Nonmatch (L) 3 24 27
Mismatch 1 (M) 16 4 20
Mismatch 2 (N) 3 14 17

Total 47 45 92

| e v
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The original proposed design for the experiment was of the
level-by-treatment format. However, the distribution that resulted
from the random assignment to the treatments, and the cautions posed
by educational researchers (see Statistical Treatments--General,
later in this chapter) regarding trait-treatment interaction studies,
redirected the design of this experiment.

The final design of this experiment is presented in Table 7.
The distribution of subjects is shown, referenced to the level of
match and the two sets of measurements relating to learning. The
total number of subjects in the retention column is decreased due to
conflicts in scheduling the students for the Retention Test. Per-
centages shown in parentheses are based upon retention cell size

compared with initial cell size.

Table 7.--Distribution of subjects by level of match and number of

students.
Level of Match Number of Students Tested

Initial Learning Retention (Percent)a
Match (K) 28 1 (39%)
Nonmatch (L) 27 18 (67%)
Mismatch 1 (M) 20 15 (75%)
Mismatch 2 (N) 17 9 (53%)

Total 92 53 (58%)

3percent = (Retention/Initial Learning) x 100.
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The statistical techniques of regression analysis and multi-
variate analysis of variance were applied to the collected data for
- comparison of the levels of match with regard to initial learning and
retention.

The independent variables were: (a) methods of instruction
and (b) learning style. The dependent variables were: (a) initial
learning as measured immediately following treatment and (b) reten-
tion as measured five weeks after instruction. The controlled vari-
ables included: (a) content and method of presentation under both
Treatments A and B, (b) the length of instruction, (c) the total time

allotted to learning, and (d) tests and testing conditions.

Statistical Treatment--General

The basic design of this experiment, that is, levels by
treatments, would have lent itself well to the treatment of analysis
of variance (ANOVA). However, the primary interest of the experi-
menter was to determine whether or not the individual could be aided
by being matched with his or her best method of instruction. This
precluded the use of the ANOVA technique exclusively, since ANOVA
primarily shows the best treatment for the group as a whole. That
some students may do better with one mode of instruction, while other
students do better with a second mode, would be disguised by the use
of a measure of central tendency such as ANOVA.

Berliner and Cohen caution the educator in using research or
instruction relating to this area of Treat-Treatment Interaction, or

TTI. They write that research involving the use of TTI

Hare
ir
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. + . would compel the educator to consider simultaneously
traits, aptitudes, attributes or characteristics that the
learner brings to the situation; the characteristics and dimen-
sfons of the instructional agent or medium of instruction; the
igg:e:gk:g g$al:?§aed; and the environment in which the instruc-
The intent of this study was to consider the individual and
his uniqueness, as he finds himself in a learning environment. The
"Learning Activities Survey" was used to assess the individual's
preferred learning style. The two instructional modes used as treat-
ments in this experiment were developed to supply alternate instruc-
tional formats, and allow for the control of the content and setting.
Cronbach and Snow have argued for the use of regression
models rather than the use of analysis of variance with trait-
treatment interaction studies. They hold the first as a more effi-
cient approach for detecting interactions from data obtained in TTI.
Regression analysis has the advantage of: (a) tending to decrease
the error component, (b) allowing the use of categorical information,
(c) creating interaction terms through the use of cross-products, and
(d) allowing these interaction terms to be tested in the analysis
model. !
As this study is of the trait-treatment interaction type,
and considering the purpose of the study and nature of the collected

data, the use of regression analysis as the main statistical technique

]ODav1d C. Berliner and Leonard S. Cohen, "Trait-Treatment
Interaction and Learning," in Review of Research in Education, ed.
Fred N. Kerlinger (Itasca, I11inois: F. E. Peacock Publishing, Inc.,
1973), p. 59.

]1Lee J. Cronbach and R. E. Snow, Individual Differences in
Learning Ability as a Function of Instructional Variables, Final
Report (Palo ATto: Stanford University, School of Education, 1969).
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was therefore considered appropriate. The general regression analy-

sis equation used in the statistical analysis is:
Y = Bp t B]X] + BX, + 63X3 ..

where the X's are the factors for consideration. Cross-products
were formed to test for the presence of interaction among these
factors. For the purposes of this study, the 0.05 level of signifi-
cance for testing hypotheses was used. The data analysis was per-

formed on the Michigan State University CDC 6500 computer, using the

modified Finn multivariance plr'ogr'am.]2

Hypotheses

One of the intended purposes of this study was to provide
experimental research evidence of the effectiveness of matching the
learning style of the student with the instructional modes selected
The general hypotheses for consideration were:

Hypothesis 1: There is no significant difference in initial
learning (knowledge of specific facts and prin-
ciples and ability to solve problems) between
students with a learning style when matched to an
instructional mode, and students whose learning
style does not match the instructional mode.

Hypothesis 2: There is no significant difference in retention
of material initially learned as measured five
weeks after instruction between students with a
learning style when matched to an instructional
mode and students whose learning style does not
match the instructional mode.

]ZJeremy D. Finn, A Generalized Univariate and Multivariate
Analysis of Variance, Covariance, and Regression Program (Buffalo:
State University of New York at Buffalo, Department of Educational
Psychology, 1968).
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Hypothesis 3: There is no interaction between the two instruc-
tional modes employed and the student character-
istics of sex, age, reading comprehension level,
and computational skill with regard to initial
learning and retention.

The types of match and distribution of subjects are discussed
in detail in the description of experimental matching section of this
chapter. The specific hypotheses considered in this study are
derived from the Learning Styles-Treatments Matrix shown earlier in

Table 5 and repeated for convenience below.

Learning Styles-Treatments Matrix

Level of Treatment
Learning Style (A) Direct-Detailed (B) Directed-Discovery
Concrete-structured K L
Concrete-unstructured M N
Symbolic-unstructured L K
Symbolic-structured N M

The specific hypotheses for consideration in the statistical
analysis were:

1. There is no significant difference in initial learning
between matched group K and nonmatched group L.

2. There is no significant difference in initial learning
between mismatched group M and mismatched group N.

3. There is no significant difference in retention of
material initially learned, as measured five weeks after
instruction, between matched group K and nonmatched
group L.
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4. There is no significant difference in retention of
material initially learned, as measured five weeks after
instruction, between mismatched group M and mismatched
group N.

The four additional variables that were examined for possible
interaction with the main effect--(1) sex of the student, (2) age of
the student, (3) reading comprehension level of the student, and
(4) computational skill of the student--yield the following sub-
category hypotheses in regard to interaction:

5(a) There is no interaction between the two instructional
modes employed and the student characteristic of sex
with regard to initial learning and retention.

5(b) There is no interaction between the two instructional
modes employed and the student characteristic of age
with regard to initial learning and retention.

5(c) There is no interaction between the two instructional
modes employed and the student characteristic of

reading comprehension level with regard to initial
learning and retention.

5(d) There is no interaction between the two instructional
modes employed and the student characteristic of
computational skill with regard to initial learning
and retention.

Summar
The format of the experiment was described in this chapter.
Students at the Capital Area Career Center in Mason, Michigan, served
as the population for the study. Ninety-two students, from seventeen
of the twenty-two occupational programs, were randomly chosen as the
subjects to participate in the experiment. Data on the student char-
acteristics of sex, age, reading comprehension level, and computa-

tional skill were obtained from records at the Center.
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To adapt the selected learning style instrument to the popula-
tion of the study, a pilot study was completed using a similar group of
secondary vocational students in another setting. The revised learn-
ing activities survey was to be used at the Center to assess the learn-
ing style preferences of the student; in the sample of this study.

The content of the instructional material was derived from
the metric and customary (or English) systems of measurement. The

choice of this material was based on the newness of the material

T T ank
7
+

and the inevitable need to know as the United States is moving in

the direction of accepting the metric system as the standard and
common system of measurement. The instructional materials were
developed into two sets of learning packets, and represent the two
selected modes of instruction. Direct-detailed (Treatment A) is
similar in format to the instructional materials in use at the Center,
while the directedeiscovery (Treatment B) format was developed as

an alternative approach.

The design of the experimental matching between learning style and
instructional mode was described using amatrix technique. The four levels
of matching were discussed along with the distribution of subjects.

The proposed statistical techniques of regression analysis
and multivariate analysis of variance were presented. Five specific
hypotheses to be considered were presented relative to the levels of
matching and the selected student characteristics.

The next chapter describes the data collected on the learning
style assessment, and the analysis of the learning data. A discussion

of the statistical analysis is also presented.



CHAPTER 1V

RESULTS OF THE EXPERIMENT

This chapter is divided into two major sections, each relat-
ing to an objective of the study. The learning style assessment of
the students at the Capital Area Career Center is discussed in the
first section. A series of figures graphically illustrates the
assessed learning styles. These figures may be used to interpret
the preferred learning styles within each occupational area at the
Center.

The second section considers the analysis of the collected
learning data in relation to the experimental matching of learning
style with instructional mode. The hypotheses are discussed on the

basis of the results of the analysis.

Learning Style Assessment

One of the goals of this study was to identify the learning
styles of the students. This was accomplished through the use of
the Learning Activities Survey (see Appendix C). The learning
styles of students in the Business, Health, and Trade & Industry
occupational areas were measured.

The study sample consisted of ninety-two students, or 11.1
percent of the total population of 832. These were randomly selected

to participate in the study during the spring semester, 1975. Table 8

80
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shows the distribution of students by occupational area, sex, time
of day of attendance at the CACC, and totals. From the Business
Occupational Area programs, twenty-five students, or 10.0 percent

of the total enrolled in that area, were selected. The Health
Occupational Area programs were represented by twenty-three students,
15.1 percent of those enrolled in that area, while from the Trade &
Industry Occupational Area programs forty-four students, or 10.5 per-

cent of enrollment, were selected.

Table 8.--Distribution of students by occupational area, sex, and time
of day of attendance.

Female Male
Occupational Area ;6[‘““‘]5; ;ﬁ“""};} Total
Business 9 8 5 3 25
Health 13 8 2 0 23
Trade & Industry 1 1 22 20 44
Total 39 53 —35—

Concrete/Symbolic

Concrete/symbolic instrument.--The first eleven items on the

Learning Activities Survey measure the learning style continuum
defined as concrete at one pole and symbolic at the other pole.
Items 1-6 contain statements relating to "hands-on" or direct con-
tact with the phenomena or experiences used in the learning environ-

ment. These items measure the concrete dimension.
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Items 7-11 contain statements relating to oral, reading, or
computational experiences found in the learning environment. Thus,
these items measure the symbolic dimension.

Scoring was accomplished by assigning values of 1-2-3-4-5
to the response categories of "Of No Value," "Of Little Value," "Of
Average Value," "Very Valuable," and "Extremely Valuable" for the
first six items. For the remaining five items, the reverse values of
5-4-3-2-1 were assigned to the same response categories. A highly |
concrete individual, attaining a maximum score of fifty-five, would
have accepted items 1-6 at the "Extremely Valuable" level and would
have rejected items 7-11 at the "Of No Value" level. Within the
total group tested in this experiment, the highest score achieved by
a student was fifty. In similar fashion, a highly symbolic indi-
vidual, with a minimum score of eleven, would have replied to the
eleven items in an opposite manner. Within the total group tested
in this experiment, the score of twenty-six was the lowest achieved
by a student.

An individual's position on the continuum depends upon that
person's acceptance or rejection of the value of the type of learning
experience defined in each statement of the instrument. Individuals
located, therefore, along the continuum, with location toward either
end indicating a strong preferencé for that style. Locating near the
midpoint (thirty-three) indicates a desire for a mixture of learning

styles.

Frequency distribution.--Figures 4, 5, and 6 provide the

reader with a graphic representation of the range measured on the
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concrete/symbolic continuum by each of the occupational areas. The
potential range of scores varies from a value of fifty-five for the
highly concrete to a value of eleven for the highly symbolic.

Figure 4 shows the frequency distribution for the students from the
Business Occupational Area, Figure 5 shows the frequency distribu-
tion for the students from the Health Occupational Area, and Figure 6
provides the same information for students from the Trade & Industry
Occupational Area.

The midpoint on the scale (thirty-three) is provided by a
response average of three. Responding to all eleven statements with
the same category would have yielded the following scores: thirty-
one for the "Of No Value" category, thirty-two for the "Somewhat
Valuable" category, thirty-three for the "Of Average Value" category,
thirty-four for the "Very Valuable" category, and thirty-five for
the "Extremely Valuable" category. There were no students who
responded in this manner, although these numerical values do occur
as a result of a mixture of choices among the various categories by
the respondents. All of the occupational areas achieved mean scores
above the midpoint; thus the groups tend toward the concrete end of
the continuum.

The Business Area students achieved a mean score of 37.64 as
shown in Figure 4. Only three students (12 percent) of this group
scored below the continuum midpoint (thirty-three), while the remain-
ing twenty-two individuals attained scores which ranged from thirty-

four to forty-five. This preference for the concrete style fits the
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type of occupation which these students will enter very well. Most
business areas do function within a very concrete work environment.

The students in the Health Occupational Area achieved a mean
score of 36.57 as shown in Figure 5. This was the lowest mean score
of the three occupational groups tested at the Capital Area Career
Center. There were five students (22 percent) of this group who
attained scores below the midpoint of the continuum (thirty-three),
with the remaining eighteen students achieving scores which ranged
from thirty-three to forty-four. This high score of forty-four was
also the lowest maximum score achieved by the three groups. It is
perhaps not surprising to find students who are training for Health
Area occupations expressing a wider range of responses to the state-
ments than the students in the Business Occupational Area, since
workers in the health occupations do function in the symbolic mode as
a part of their daily routine.

Figure 6 shows the distribution of scores for the students in
the Trade & Industry Occupational Area. These students achieved a
mean score of 36.89. This score is also above the midpoint of the
concrete/symbolic continuum, and indicates a preference for more
concrete activities. There were four students (9 percent) of this
group who attained scores below the midpoint (thirty-three); the
remaining forty individuals attained scores which ranged from thirty-
three to fifty. This high score of fifty was the highest score
achieved by any student in the three groups tested. Of this group,
91 percent achieved scores which indicated a preference for the

concrete mode. This also seems most appropriate, since a high
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percentage of the work activities in occupations in the area of

Trade & Industry are of a "hands-on" nature.

Occupational area comparison.--A visual comparison of the

mean scores achieved by students, in each of the occupational area
programs, on the concrete/symbolic continuum is presented in Figure 7.
The students in all of the occupational areas tended to view them-
selves as favoring a concrete learning style; that is, a learning
style that allows the learner to become personally involved with an
object or to come into direct contact with the phenomena.

A1l three occupational area groups tested at the Capital Area
Career Center achieved scores that tended to fall toward the concrete
end of the continuum. The Business Occupational Area attained a mean
score (37.64) that was higher than the total mean score (37.04) of
all groups. The Trade & Industry Occupational Area attained a mean
score (36.89) which was just below the total mean score; the Health
Occupational Area achieved a mean score that was slightly Tower still
(36.57). It must be emphasized, however, that each of the occupa-
tional areas' mean scores was above the midpoint of the continuum,
thus indicating a group preference for the concrete style.

At the end of this section on learning style assessments,
the reader is provided with graphs which show the placement of each
individual plotted along both continua. The axes of the graphs are
formed by the two continua of concrete/symbolic (x-axis) and
structured/unstructured (y-axis). Separate figures are provided for

each of the three occupational areas.
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Discussion of results on the concrete/symbolic continuum.--The

typical style evident within the total group can be determined from
the total group mean. A mean above or below the midpoint would
indicate a tendency toward the style located at the endpole. A mean
near the midpoint would suggest that a mixture of learning styles
would be favored. The standard deviations can be used to decide if
a range of learning styles exists, and, if they exist, whether they
exist to a degree which demands a variety of learning environments
or alternate forms of instruction.

The total group, or sample of this study, consisted of ninety-
two individuals randomly selected from the three occupational areas.
These students achieved a group mean score of 37.04, with a standard
deviation of 4.20. The range of scores for the group on the concrete/
symbolic continuum was from a low of twenty-six to a high of fifty.
Twelve individuals (13 percent of the total group) scored below the
midpoint of thirty-three.

The total group mean score of 37.04 is well above the mid-
point of the continuum (thirty-three). This would imply that stu-
dents at the Center tend to favor learning styles which use the
concrete mode. However, if one looks at the percentage of students
who scored more than one standard deviation above or below the group
mean, a slightly different perspective may be gained.

There were fourteen individuals (15.2 percent of the total
group) who scored more than 41.24 (one standard deviation above the
group mean). This implies that at least 15 percent of the students

at the CACC have a highly concrete learning style and would favor
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learning strategies which employ this style. However, there were
also twelve individuals (13.0 percent of the total group) who scored
less than 32.84 (one standard deviation below the group'mean). The
implication here is that at least 13 percent of the CACC's students
have a symbolic learning style. These latter students would favor
learning strategies employing a symbolic style, or at least favor a
mixture of the concrete and symbolic learning strategies in their
studies.

Table 9 shows the number of students by occupational area and
by total group, who attained scores which were greater than one
standard deviation above or below that of the group mean. Both the
Business Occupational Area and the Trade & Industry Occupational
Area show a preference for the concrete end of the continuum. At
least 6 percent of the students in these two groups attained scores
which were greater than 41.24, whereas the Health Occupational Area
had only 2 percent of their students who attained scores above this
point.

In the other direction, there were at lTeast 3 percent of the
Business Occupational Area students and 4 percent of the Trade &
Industry Occupational Area students who tended toward the symbolic end
of the continuum. More than 5 percent of the Health Occupational
Area students scored toward the symbolic end of the continuum. It
would appear, therefore, that all occupational areas have students
who favor symbolic learning strategies.

There are a considerable number of students who attained

scores which were between the two extremes shown in Table 9. These
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should be considered as individuals who would probably do well in
learning environments that use a combination of both concrete and

symbolic learning strategies.

Table 9.--Number of students by occupational area with scores greater
than one standard deviation above or below the total group mean on
the concrete/symbolic continuum.

Number of Students (%)

Occupational Area

Scores > 41.24 Scores < 32.84
Business 6 (6.5%) 3 (3.3%)
Health 2 (2.1%) 5 (5.4%)
Trade & Industry 6 (6.5%) 4 (4.32)
Total group 14 (15.2%) 12 (13.0%)

Structured/Unstructured

Structured/unstructured instrument.--The second eleven items

on the Learning Activities Survey measure the learning style con-
tinuum defined by structured at one pole and unstructured at the
opposite pole. Items 12-16 contain statements which relate to the
use of preplanned, highly organized experienées in the learning
environment, to which the student has little, if any, input. These
items, thus, measure the structured dimension. The remaining six
items contain statements which relate to the use of student involve-
ment in the planning and organizing of experiences in the learning

environment. Thus these items, 17-22, measure the unstructured

dimension.
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Scoring for this portion of the survey was accomplished by
assigning values of 1-2-3-4-5 to the response categories of "Of Mo
Value," "Of Little Value," "Of Average Value," "Very Valuable," and
"Extremely Valuable" for the first five items. For the remaining
six items, the reverse values of 5-4-3-2-1 were assigned to the same
response categories.

. An individual's position on the structured/unstructured con-
tinuum depends upon that person's acceptance or rejection of the
type of learning experiences defined in each statement of the instru-
ment. Individuals located, therefore, along the continuum, with
location toward either end indicating a strong preference for that
style. Locating near the midpoint (thirty-three) would indicate a
desire for a mixture of learning styles.

A highly structured individual would have accepted items 12-16
at the "Extremely Valuable" level and would have rejected items
17-22 at the "Of Mo Value" level. This would yield a maximum score
of fifty-five. There were no students who attained that score.
Responding to these items in a completely opposite manner would have
produced a minimum score of eleven. This score would indicate a
highly unstructured individual and, again, there were no students who

attained this minimum score.

Frequency distribution.--A graphic presentation of the range

on the structured/unstructured continuum for each of the occupational
areas is provided by Figures 8, 9, and 10. The potential range of

scores varies from a value of fifty-five for the highly structured
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to a value of eleven for the highly unstructured. Figure 8 is a
frequency distribution for the students from the Business Occupational
Area on the Structured/Unstructured Learning Style Continuum. Figure
9 shows the frequency distribution for the students from the Health
Occupational Area and Figure 10 provides similar information for the
students from the Trade & Industry Occupational Area.

The midpoint on the scale (thirty-three) was determined by a
response average of three. Of the total students (ninety-two) who
responded to the instrument, it might be of interest to point out
that not one responded to all of the statements in any one column,
although some achieved the score of thirty-three.

The students from the Business Occupational Area were the only
group who had a mean score (34.64) which was above the midpoint of
the continuum. Thus, on the basis of this instrument, these students
tend to prefer the structured learning style.

The group had nine individuals (36 percent) who attained
scores below the midpoint, while sixteen (64 percent) attained scores
ranging from the midpoint to a high score of forty-eight. This high
score was also the highest maximum score attained by the three groups.

The Health Occupational Area students obtained the only mean
score (32.00) that fell below the midpoint of the continuum. This
group, therefore, leans toward the unstructured end of the scale.

The frequency distribution of this group shows that there were nine
individuals (39 percent of this group) who attained values below the
midpoint (thirty-three), with the remaining fourteen students attain-

ing scores which ranged from thirty-three to forty-one.
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The students in the Trade & Industry Occupational Area had a
mean score (33.00) which fell exactly at the midpoint of the con-
tinuum. This group may be thought of, therefore, as desiring a
mixture of both structured and unstructured learning strategies.

In this group there were twenty-one individuals (47 percent of the
group, and the largest group percentage) who attained values below
the midpoint. The remaining twenty-three students attained scores

which ranged from thirty-three to forty-two.

Occupational area comparison.--Figure 11 provides a visual

comparison of the mean scores achieved by students in each occupa-
tional area on the structured/unstructured scale. Only the Business
Occupational Area tended to view itself as preferring a structured
learning style. The Health Occupational Area was the only area that
tended to prefer an unstructured learning style, while the Trade &
Industry Occupational Area showed a preference for a mixture of both
structured and unstructured learning styles.

The mean score of the total group (33.51) is only slightly
above the continuum midpoint (thirty-three). The mean score of the
Business Occupational Area (34.64) was the only mean score which
was above both the midpoint (thirty-three) and the mean score of the
total group (33.51). Both the Health Occupational Area mean score
(32.00) and the mean score of the Trade & Industry Occupational Area
(33.00) were below the mean score of the total group (33.51). The
Trade & Industry Occupational Area mean score (33.00) was at the mid-

point of the continuum, while the mean score of the Health Occupational
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Area (32.00) was the only score which fell below the midpoint of the
structured/unstructured continuum.

Plots of the individual's placement along both continua may
be found following the next section. The graphs are formed by the
concrete/symbolic continuum as the X-axis and the structured/
unstructured continuum as the Y-axis. Separate figures are shown
for the Business, Health, and Trade & Industry Occupational Areas,

and for the total group.

Discussion of results on the structured/unstructured

continuum.--The typical style evident within the total group can be
determined from the mean of the total group. A mean score above or
below the midpoint would indicate a tendency toward the style indi-
cated at the end pole. A mean near the midpoint would suggest that
a mixture of learning strategies would be favored. The standard
deviation may be used to decide whether a range of learning styles
exists to a sufficient degree to demand a variety of learning strate-
gies. The ninety-two individuals who comprised the sample for this
study achieved a mean score of 33.51, with a standard deviation of
4.95. This mean score (of the total group) is very near the midpoint
(thirty-three) of the structured/unstructured continuum and would
indicate that a mixture of learning strategies is desired by the
group.

It should be fair to say that individuals who attained a
score greater than 38.46 (one standard deviation above the group
mean) would prefer a structured learning strategy. There were fifteen

individuals (16.3 percent of the total group) who scored above this
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point. Likewise, it should be fair to state that individuals who
attained a score less than 28.56 (one standard deviation below the
group mean) would prefer an unstructured learning strategy. Of the
total group of ninety-two students, there were fourteen individuals
(15.2 percent) who attained scores which were below this point.

It is evident, therefore, that within this randomly selected
sample of students who attend the Capital Area Career Center there
are preferences for structured, unstructured, and a mixture of learn-
ing strategies.

Table 10 shows the number of students by occupational area
and total group who attained scores which were one standard deviation
or more above or below the group mean. The Business Occupational
Area showed the strongest preference for the structured style. More
than 20 percent of the students in this group attained scores which
were above 38.46 (one standard deviation above the total group mean).
The Trade & Industry Occupational Area had more than 18 percent of
its students who scored above this point, while only about 9 percent
of the Health Occupational Area students scored above the total group
mean.

In the opposite direction, it is evident that no students
from the Business Occupational Area scored below 28.56 (one standard
deviation below the total group mean). Students in both the Health
and the Trade & Industry Occupational Areas, however, showed a
preference for the unstructured end of the continuum. More than -

17 percent of the Health Occupational Area students and almost 23 per-

cent of the Trade & Industry Occupational Area students attained
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scores below 28;56. It would appear that these two latter occupa-
tional areas have students who strongly favor an unstructured learn-

ing environment.

Table 10.--Number of students by occupational area with scores greater
than one standard deviation above or below the total group mean on the
structured/unstructured continuum.

Number of Students (%)

Occupational Area Scores > 38.46 Scores < 28.56
Business 5 (20.0%) 0 ( 0.0%)
Health 2 ( 8.6%) 4 (17.4%)
Trade & Industry 8 (18.2%) 10 (22.7%)
Total group 15 (16.3%) 14 (15.2%)

There are considerable numbers of students who attained scores

between the two extremes discussed here. These individuals should

not be overlooked, but rather be considered as students who would prob-

ably achieve best within learning environments which use a mixture
of both structured and unstructured learning strategies.

The Learning Activities Survey used in this study yields
scores on the concrete/symbolic and the structured/unstructured con-
tinua. The two scores that an individual achieves on these may be
plotted on a graph, using the two continua as axes. The group means
(X and Y) may be shown by lines on the figure, and standard deviation

lines (+ and -1s) above and below the mean also. Plotting a group of
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scores in this manner yields a figure that may be readily interpreted
for the learning styles present within the group.

In the figures that follow, the concrete/symbolic continuum
lies along the horizontal axis and the structured/unstructured con-
tinuum is represented by the vertical axis. The occupational areas
of Business, Health, and Trade & Industry are shown respectively as
Figures 12, 13, and 14. The scores of the total group are shown in
Figure 15.

A brief discussion of Figure 13, that of the Health Occupa-
tional Area, will serve to illustrate the concept used in these
figures. There are twenty-three students whose scores form various
points on the graph. Two of the scores are identical; hence there
are only 21 points actually shown on the graph. The exact location
for any one individual is determined by the intercept of that student's
projected score on the concrete/symbolic continuum (the X-axis) and
his projected score on the structured/unstructured continuum (the
Y-axis).

Referring still to Figure 13, it is apparent that fourteen
students locate near the midpoint (thirty-three) of the structured/
unstructured continuum. The remaining nine individuals locate at
points which tend toward one or the other continuum endpoints, and
can be seen from the figure to be one standard deviation (1s), or
more, above or below the mean. Based on this knowledge, and an
understanding of the means and standard deviations, the graph can be
visually interpreted, i.e. that some individuals show a desire for

either a structured or an unstructured learning strategy. The group
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mean of 32.00 indicates that this particular group desires a mixture
of learning strategies, since it is relatively close to the midpoint
of the continuum. On this basis, it can be argued that alterna-
tive modes of instruction should be provided.

Again, looking at the X-axis (concrete/symbolic continuum),
fourteen of the twenty-three members of the Health Occupational Area
group are located near the point of the group mean (36.57). The
remaining individuals are located at points one standard deviation
(1s) or more above or below the mean of the group. One individual
is located nearly two standard deviations below the group mean,
indicating a preference for the symbolic learning style. This indi-
vidual shows a high mixture of symbolic/structured-unstructured
learning styles. Most of the students in the Health Occupational
Area show a concrete/structured-unstructured learning style preference.

The other occupational area figures can be inspected and
interpreted in a similar manner. Interpretation of these graphs may
provide valuable insight into the learning styles of individuals in
each group. The dispersion of the points on the graphs is an indi-
cation that alternative modes of instruction may need to be provided.

Figure 15 is a composite of the previous three figures. This
depicts the variability of the total group on the two continua. The
majority of all students participating in the study show a preference
for the concrete learning style; more than half of the total group
also show a preference for a mixture of structured-unstructured

learning styles.
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There were ninety-two students whose scores form the various
points on the graph of the total group (Fig. 15). Nineteen of the
scores were identical; hence, there are only seventy-three points
actually shown. Projection lines from both axes are provided for
the mean (X or Y) and also one standard deviation above (+1s) and
below (-1s) the mean, to aid in the interpretation of the distri-
bution.

The learning style assessment has been discussed in the first
section of this chapter. The subjects were randomly selected from
the three occupational areas of the Capital Area Career Center.
Approkimate]y 10 percent of the students from each occupational area,
and consequently from the total enrollment, were used in this experi-
ment. Although seventeen of the twenty-two occupational programs
offered at the Center are represented in the sample, not one program
had a sufficiently large sample to be considered alone. Consequently,
the figures presented allow only fo; interpretation of the collected
learning style data for the Center and the three occupational areas.

The conclusions which were reached are that the students
from the Business Occupational Area showed a preference for concrete/
structured learning styles, the students from the Health Occupational
Area showed a preference for concrete/unstructured learning styles,
while the students from the Trade & Industry Occupational Area showed
a preference for concrete with a mixture of structured-unstructured

learning styles.
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Analysis of Learning Data

Another of the objectives of this study was to measure the
effectiveness on learning achievement of an experimental matching
of learning styles with instructional mode. The assessment of the
learning styles of the students in this study was discussed in the
previous section of this chapter. This section presents the learning
data which were collected as a result of the experimental matching,

and a discussion of the results of the learning data analysis.

Learning Scores

The two tables which follow present the means and standard
deviations of the learning scores by cell and level of match for the
two criteria tests. Table 11 shows the learning scores achieved on
the initial learning tests, which were administered immediately after
the students had completed the instructional materials. The left
column lists the mean scores achieved by the students from all of the
occupational areas on the test for conversion within the metric
systeh of measurement. The total group of ninety-two students
achieved a mean score of 4.14, with a standard deviation of 2.91.

The criterion for a grade of pass on this module (or learning packet)
at the Capital Area Career Center was a minimum score of seven cor-
rect out of a total of ten questions. Twenty-three (25 percent) of
the students achieved this minimum score. The right column lists

the mean scores achieved on the test for changing between the metric
and customary (English) systems of measurement. The total group

(n = 92) achieved a mean score of 1.59 with a standafd deviation of

2.12. The criterion for a grade of pass on this module was also a
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minimum score of seven correct out of a total of ten questions. Only
five (5.4 percent) of the ninety-two students comprising the sample

population achieved a grade of pass on this module.

Table 11.--Means and standard deviations of learning scores on initial
learning tests and number of subjects by cell and level.

]

Conversion Within Change Between the
Level of Match Metric System Metric-English Systems
Match (k)2 X = 4.2] Y= 1.8
s = 2.89 s= 1.79
n =28 n =28
Nonmatch (L) X= 4.4 X = 2.04
s = 2.98 s = 2.56
n = 27 n= 27
Mismatch 1 (M) X = 4.05 X= 1.65
: s = 2.96 s = 1.93
n=20 n=20
Mismatch 2 (N) X= 37N X = 1.00
s = 2.91 s = 1.19
n=17 n=17
X= 4.14 X= 1.59
Total Group s = 2.91 s = 2.12
n =92 n=92

3 evel of Match code letter refers to letters assigned in
the Learning Styles-Treatment matrix (Table 5), p. 71.

Table 12 shows the learning scores on the retention tests
which were administered five weeks after the completion of the initial

instruction. The instruments used were identical to those used for

{o-






112

the initial learning tests. Due to a number of conflicts which occurred,
only fifty-three (57.6 percent) of the ninety-two students in the study
were available for retesting (see p. 70). The left column lists the
scores which were achieved by the students on the retention test for
conversion within the metric system of measurement. The total group of
fifty-three students achieved a mean score of 3.17, with a standard

deviation of 2.66. Only six (11.3 percent) of fifty-three students

Table 12.--Means and standard deviations of learning scores on retention
tests and number of subjects by cell and level.

Conversion Within Change Between the

Level of Match Metric System Metric-English Systems
Match (k)2 X= 2.45 X= 2.27

s = 2.42 s = 2.38

n=11 n=11
Nonmatch (L) X= 3.39 X = 1.6

s = 2.19 s = 1.53

n=18 n=18
Mismatch 1 (M) X= 3.13 X= 1.07

s = 2.45 s = 1.48

n=15 n=15
Mismatch 2 (N) X = 3.67 X = 0.8

s = 3.43 s= 1.29

n= 9 n= 9

X = 3.17 X= 1.47
Total Group s = 2.66 s= 1.78

n =53 n = 53

3 evel of Match code leter refers to letters assigned in the
Learning Styles-Treatment matrix (Table 5), p. 71.
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achieved a grade of pass (minimum score of seven correct) on this
retention test. The right column lists the scores achieved on the
retention test for changing between the metric and Engligh (cus-
tomary) systems of measurement. The total group (n = 53) achieved
a mean score of 1.47, with a standard deviation of 1.78. None of
the fifty-three students achieved a grade of pass on this retention
test.

Statistical Analysis

The two learning styles considered along with the two treat-
ments used in this study would have yielded a 2 x 2 x 2 statistical
design, that is, a design using concrete/symbolic x structured/
unstructured x direct-detailed/directed-discovery. This design
would have lent itself well to the analysis of variance and regres-
sion analysis as originally considered. Unfortunately, the decision
was made that the students would be randomly assigned to one of the
two treatment groups without regard for their scores on the Learning
Activities Survey. In retrospect, it appears that certain learning
styles were poorly represented numerically at the Capital Area Career
Center. This led to an imbalance in cell size, which rendered this
design unsuitable statistically.

As a result of this imbalance in cell size, the four specific
hypotheses (presented on p. 77) could not be tested in the proposed
manner. Therefore, it was concluded that the effectiveness on learn-
ing achievement of an experimental matching of learning style with

instructional mode was inconclusive.
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The fifth hypothesis, which considered the student char-
acteristics of sex, age, reading comprehension level, and computa-
tional skill in four subcategory hypotheses (see p. 78; a, b, c, and d)
was analyzed separately using the stepwise regression technique. The
results of this analysis (Table 13) indicated that the student char-
acteristics of sex and reading comprehension level were significant
at the 0.05 level. The student characteristics of age and computa-
tional skill were found not to be significant. As the student char-
acteristics of sex and reading comprehension level were significant
factors, these two characteristics were used as covariates in subsequent

analyses of the learning data.

Table 13.--Regression analysis on student characteristics.

. Degrees of ‘13

Characteristic F-Value Freedom Probability
Sex 3.6389 4 and 84 0.0088*
Age 2.0374 4 and 83 0.0967
Reading comprehension

level 10.2204 4 and 85 0.0001*
Computational skill

(a) Whole number 0.9831 4 and 84 0.4214

(b) Decimal number 0.6579 4 and 83 0.6231

*Significant at the 0.05 level.

Two summary tables are presented as a matter of interest. The
first, Table 14, shows the means and standard deviations of initial

learning scores achieved in this experiment, arranged by sex and
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instructional mode. It is apparent that, on the average, males did
achieve higher mean scores than did females, regardless of the mode

of instruction employed.

Table 14.--Summary of initial learning score means by sex.

Initial Learning Scores

Instructional Mode Test 19 Test 2b
Male Female Male Female
X= 4.5 X= 3.73 X= 1.57 X= 1.05
Direct-detailed s = 3.07 s = 0.96 s= 2.01 s= 2.64
n =28 n =22 n =28 n=22
X= 5.77 X= 2.75 X= 245 X= 1.25
Directed-discovery s= 3.0 s= 1.79 s= 2,53 s= 1.86
n =22 n=20 n =22 n=20

Test on change within the metric system.

bTest on conversion between the metric-English systems.

The second, Table 15, shows the mean scores of students on
the initial learning test arranged by reading comprehension level and
instructional mode. The reading comprehension level grades were sep-
arated into three arbitrary groups (high, mid, and Tow level readers).
The high level was set at the eleventh grade or higher, the mid level
between ninth and eleventh, and the Tow level consisted of those
reading below the ninth grade level. As even a cursory inspection of
Table 15 will show, there was a definite, positive correlation between
the reading level of the students and the mean scores achieved,

regardless of the treatment.
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Table 15.--Summary of mean scores by reading level and instructional

mode.
Instructional Mode Reading Comprehension Level
and Test High > 11.0 Mid 9-10.9 Low < 8.9
Direct-detailed X= 7.14 X = 3.8 X = 2.62
~ Test 12 n= 7 n=29 n=13
Directed-discovery X = 6.06 X = 5.00 X = 1.40
Test 12 n=17 n=16 n=10
Direct-detgi]ed X= 3.14 X= 1.3 X= 0.13
Test 2 n= 17 n=29 n=13
Directed-discovery X = 3.47 X = 1.46 X = 0.10
Test 2 n=17 n=16 n=10

Test on change within the metric system.

bTest on conversion between the metric-English systems.

Before further analysis is considered, it is useful to sum-
marize the results obtained thus far. With regard to the four spe-
cific hypotheses considered, relative to the effectiveness on learning
achievement of an experimental matching, the results were inconclusive.
The fifth hypothesis was tested using the stepwise regression tech-
nique. With regard to the student characteristics of age, sex, reading
comprehension level, and computational skill, only sex and reading

comprehension level were found to be significant factors.

Hypotheses on matching.--After studying the learning assessment

data, and the collected learning data on the use of the instructional

materials in this experimental study, the conclusion was reached that
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several questions could be asked. These questions address themselves

to the original hypotheses presented in Chapter III. The questions,

which relate to the results of the experiment, are:

1.

Do the students who prefer the concrete learning style
differ in overall achievement from those who prefer the
symbolic learning style?

Do the students who prefer the structured learning style
differ in overall achievement from those who prefer the
unstructured learning style?

Is the effect on the overall achievement of the direct-
detailed instructional mode different from the effect of
the directed-discovery instructional mode?

Does the matched group (K) as a whole tend to differ in
overall achievement from the nonmatched group (L) as a
whole?

Does the mismatched 1 group (M) as a whole tend to differ
in overall achievement from the mismatched 2 group (N)

as a whole?

In order to consider these five questions, the collected data

needed to be rearranged into eight cells, as shown in Table 16. The

eight cells, or types of interest, are derived from the two learning

style continua as measured on the Learning Activities Survey, and the

two instructional modes, or treatments, used in this experiment. The

resultant number of students in each cell is shown in the frequency

column.
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Table 16.--Cell identification and frequencies.

Cell Learning Style x Instructional Mode Frequency
1 Concrete/Structured x Direct-Detailed 25
2 Concrete/Structured x Directed-Discovery 22
3 Concrete/Unstructured x Direct-Detailed 16
4 Concrete/Unstructured x Directed-Discovery 14
5 Symbolic/Structured x Direct-Detailed 3
6 Symbolic/Structured x Directed-Discovery 4
7 Symbolic/Unstructured x‘Direct-Detailed 5
8 Symbolic/Unstructured x Directed-Discovery 3

Total _;E_—

In order to analyze these rearranged data, the technique of
one-way multivariate analysis of covariance with planned comparisons
was performed. It had previously been determined, by a stepwise regres-
sion technique, that the student characteristics of sex and reading
comprehension level do influence the students' overall achievement on
this experiment (see Table 13), and to verify that sex and reading com-
prehension level could still be used as the covariates, a second regres-
sion analysis was perfoﬁmed on the rearranged data. Using 2 and 82
degrees of freedom, and the 0.05 level of significance, the two covari-
ates were found to be of significance in every test. Table 17 sum-

marizes this analysis.
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Table 17.--Statistics for regression analysis with two covariates.

% of Variance of

Variable F P< Test Accounted for

Initial learning--
within metrics test 17.0966  0.0001 29.43%

Initial learning--
between metric-English test 13.2526 0.0001 24.43

Retention--
within metrics test 5.1124  0.0081 11.09

Retention--
between metric-English test 4.7681 0.0170 10.42

The five questions presented previously were developed into
five secondary hypotheses. These secondary hypotheses were tested
using the one-way multivariate analysis of covariance with planned
comparisons. Following the statement of each secondary hypothesis is
a discussion of the statistical analysis as it pertains to that par-
ticular hypothesis.

Secondary Hypothesis 1: There is no difference in overall

achievement between students who indicate a preference

for the concrete learning style and students who indi-
cate a preference for the symbolic learning style.

The multivariate test of equality of mean vectors indicated an

F-ratio of 1.2938, using 4 and 79 degrees of freedom. The probability

of this large a value occurring due to chance alone is less than 0.2797.

Using the 0.05 level of significance, the conclusion was reached that

this hypothesis cannot be rejected.

v
']
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Secondary Hypothesis 2: There is no difference in overall
achievement between students who indicate a preference
for the structured learning style and students who
i ndiicate a preference for the unstructured learning
style.

The multivariate test of equality of mean vectors indicated an
F-ratio of 0.6310, using 4 and 79 degrees of freedom. The probability
of this large a value occurring due to chance alone is less than 0.6419.
Using the 0.05 level of significance, it was concluded that this
hypothesis cannot be rejected.
Secondary Hypothesis 3: There is no difference bétween the
effect of the direct-detailed instructional mode and

the effect of the directed-discovery instructional
mode on the overall achievement of the students.

The multivariate test of equality of mean vectors indicates
an F-ratio of 1.0197, using 4 and 79 degrees of freedom. The proba-
bility of this large a value occurring due to chance alone is less than
0.4024. Using the 0.05 level of significance, it was concluded that
this hypothesis cannot be rejected.

Secondary Hypothesis 4: There is no difference between the

matched groups as a whole and the nonmatched groups
as a whole on overall achievement.

The multivariate test of equality of mean vectors indicated
an F-ratio of 0.3515, using 4 and 79 degrees of freedom. The proba-
bility of this large a value occurring due to chance alone is less than
0.8423. Using the 0.05 level of significance, the conclusion was
reached that this hypothesis cannot be rejected.

Secondary Hypothesis 5: There is no difference between the

mismatched 1| groups as a whole and the mismatched 2
groups as a whole on overall achievement.

The multivariate test of equality of mean vectors indicated an

F-ratio of 0.9350, using 4 and 79 degrees of freedom. The probability
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of this large a value occurring due to chance alone is 0.4482. Using
the 0.05 level of significance, it was therefore concluded that this

hypothesis also cannot be rejected.

Discussion

The original intent of this study was to test for the efficacy
on dVerall achievement of an experimental matching between learning
style and instructional mode. However, the proposed statistical
analysis was not carried out due to the inadequacy of the learning data
which were obtained. An error was made in randomly assigning subjects
to treatments before the analysis of the data collected from the admin-
istration of the Learning Activities Survey was completed. The possi-
bility that there would be a great disparity in numbers of students
preferring the various learning styles had not been foreseen.

This error, of randomly assigning subjects to treatments before
the analysis of the data collected from the administration of the
Learning Activities Survey was completed, was identified as one of
the confounding variables in this experimental study. It was con-
cluded that in order to avoid this error in subsequent studies of this
nature, the Learning Activities Survey should be administered first and
the learning assessment data analyzed for the number of students per
cell of the level of learning style. From these students, equal num-
bers should be randomly chosen to fit the learning styles-treatments
matrix of Table 5 (see p. 71). These subjects then should be used for
the subsequent part of the experiment involving the use of the learn-

ing materials under the two instructional modes.

r”
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Since this error was made, the resultant imbalance of fre-
quencies in the various cells would have yiélded meaningless results
from the proposed level-by-treatment analysis.

A second problem that occurred in this study was that a small
percentage of the students who participated in the learning exercise
actually achieved criterion level (pass = a minimum grade of seven) on
the initial learning tests. Thus, a large number of students (who
had not learned the material originally) could not be expected to
achieve criterion level on the retention test, as was indeed the case.
These numbers, shown in Table 18, illustrate that there were too few
individuals in any one cell to yield meaningful results from statis-

tical analysis.

Table 18.--Number of students who achieved criterion-level on initial
learning and retention tests by level of match.

Initial Learning Retention

Level of Match Metric Metric-English Metric Metric-English

System Systems System Systems

Match (K)2 7 1 1 0
Nonmatch (L) 7 3 2 0
Mismatch 1 (M) 6 1 2 0
Mismatch 2 (N) 3 0 1 0
Total 23 5 6 0

3 evel of Match code letter refers to letters assigned in the
Learning Styles-Treatment matrix (Table 5), p. 71.
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This small percentage of students who achieved criterion level
on the initial learning test was identified as the second confounding
variable. Had a meaningful balance in cell size been achieved, using
the random assignment to treatments as carried out in this experiment,
the collected data would still have been difficult to analyze for
meaningful results.

The several factors which may have contributed to the large
number of students who failed to achieve the criterion level on the
initial learning and retention tests were identified as: (a) the
enforced nonrepetition of the 1earning.materials once the tests had
been attempted, (b) the absence of interaction between the student and
the instructor during the initial learning session, (c) the newness of
the instructional materials to the students. It was reasoned that, to
a lesser extent, the factors of (a) the overall time limitation,

(b) the presentation of the learning materials to the students in a

reading format only, (c) the lack of interest for the content of the

instructional materials by the students, and (d) the possible complexity

of the learning materials may all have contributed to the result of
more students not achieving criterion level. What had appeared to the
experimenter as a fairly simple task may have been perceived by the
students as being quite complex and different from their normal routine
at the Center.

The student characteristics of sex and reading comprehension
level were found to be significant factors in the interaction between

student characteristics and instructional mode (see Tables 13 and 17).

The five secondary hypotheses were tested using the one-way multivariate

&ivr
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analysis of covariance with planned comparisons. Using the 0.05 level
of significance, it was found that none of these five secondary
hypotheses could be rejected. This reiterates the conclusion that
the effectiveness on overall achievement of the experimental matching

of learning style with instructional mode was inconclusive.

Summary

This chapter contains the presentation and discussion of the
major findings of the study. The first three objectives of the study
were discussed, while the fourth objective will be considered in the
next chapter. The chapter was divided into two major sections, the
first relating to the learning style assessment and the second deal-
ing with the analysis of the learning data.

The assessment of the learning styles of the students at the
Capital Area Career Center was discussed in the first section of this
chapter. With the learning styles identified and the distribution of
the learning style scores presented, it was concluded that the first
objective of this study had been fulfilled. Graphs were included which
show the distribution of the scores by occupational area and for the
group as a whole. These figures may be readily interpreted for the
learning styles within the occupational areas or of the group.

A brief summary of the findings shows that the students from
the Business Occupational Area preferred the concrete/structured
styles, while the students from the Health Occupational Area favored
the concrete/unstructured styles. The students from the Trade &
Industry Occupational Area, and the group as a whole, showed a preference

for the concrete with a mixture of structured/unstructured styles.
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The second section of the chapter contains the presentation
and discussion of the learning data analysis. It was concluded that
the second objective of this study was not fully met. The results of
the measurement of the effectiveness on achievement of an experimental
matching of learning style with instructional mode were inconclusive.
Two confounding variables hindered the testing of the hypotheses
relating to the experimental matching. These variables were identi-
fied as (a) the disparity in the distribution of numbers of students
who preferred the various learning styles, and (b) the small per-
centage of students who achieved the criterion level on the initial
learning and retention tests.

Several questions were then presented which addressed them-
selves to the second objective of the study. The collected learning
data were rearranged in order to test the five secondary hypotheses
with regard to these questions. MNone of the hypotheses was rejected,
using the 0.05 level of significance. This reinforced the conclusion
that the experimental matching which was attempted in this study
yielded inconclusive results.

The second section of the chapter contains the discussion of
the third objective of this study. The technique of regression analy-
sis was used to determine the existence of interactions between student
characteristics (age, sex, reading comprehension level, and computa-
tional skill) and overall achievement. It was found that the char-
acteristics of sex and reading comprehension level did contribute to

overall achievement. No interactions were found for the other two



126

student characteristics--age and computational skill. It was con-
cluded that the third objective of this study had been met.

The next chapter contains the discussion of the fourth objec-
tive of the study--the recommendations to the Center. The chapter
also contains the summary, conclusions, and suggestions for further

research.



CHAPTER V

SUMMARY AND SYNTHESIS

Summary

This experimental study is reported in five chapters.

Chapter I contains the statement of the problem and its significance.
Ih the statement of the problem, the four objectives of this study
were identified. They are:

1. to identify the learning styles of the students in the

various occupational areas at the Capital Area Career
Center in Mason, Michigan;

2. to measure the effectiveness on achievement of an experi-

mental matching of learning style with instructional mode;

3. to measure the extent to which the student characteris-

tics of sex, age, readingvcomprehension level, and compu-
tional skills relate to achievement; and

4. to identify and recommend directions for ongoing and

future curriculum development in the 1ight of the measured
learning styles of the students.

Chapter II contains the review of related research. The
topics reviewed were: (1) individual differences, (2) modes of
instruction, and (3) learning styles.

The format of the experiment is described in Chapter III. The

rationale for the use of the learning materials is presented. These
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learning materials relate to the use of the metric system and conver-
sfons between the metric and customary systems. Students at the
Capital Area Career Center served as subjects for the study.

The Learning Activities Survey, used to identify the preferred
learning style of the student, is also described. The chapter con-
cludes with a description of the statistical treatment and a presen-
tation of the specific hypotheses which were considered.

Chapter IV contains the results of the experiment. The chapter
is divided into two major sections: (1) assessment of learning styles
and (2) analysis of the learning data. The results of the assessment
of the learning styles of the students at the Capital Area Career
Center are presented and discussed. The distribution of scores in
each of the three occupational areas is displayed graphically.

The results of the experimental matching of student learning
style and instructional mode were inconclusive. Two confounding vari-
ables were identified, and therefore the first two hypotheses could
not be tested a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>