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Learning styles are unique to each student entering the learning

environment, yet many educators assume that students will in fact learn
from a single method of teaching. Dunn and Dunn (1999) define learning
styles as "the way individuals begin to concentrate on, process and remember
new and difficult information." Studies involving health science students
have been conducted, yet few authors have addressed this issue in the
radiography literature.
In this study, the learning styles of radiography students were
examined and compared to determine the differences between the incoming
freshmen and the graduating sophomores. The Dunn, Dunn and Price
Productivity Environmental Preference Survey (PEPS) was used to study 617
college students, the sample was 80% female with an average age of 28 years.
Both freshmen and sophomore groups demonstrated preferences for
structured learning activities with authority figures present. They prefer
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learning with peers in activities scheduled during morning and afternoon
hours. These students want mobility in the learning environment and prefer
intake of food or beverage while concentrating. Both groups have overall
perceptual preferences for auditory learning, followed closely by tactile
learning.
Perceptual learning strengths for the combined group of radiography
students proved to be quite different from the general population, 35% had a
strong preference for auditory learning methods, 28% had a strong need for
tactile learning methods, 8% were kinesthetic learners and 5% visual
learners. The perceptual learning styles of the general population are 30%
auditory, 40% visual, 15% tactile, and 15% kinesthetic (Dunn, 1999). It is these
unique characteristics of the larger group that may be most useful to educators
when considering learning style principles in the broadest sense. These
findings also may account for some degree of attrition found in radiography
programs, since it has been previously reported that tactile and kinesthetic
learners are at the greatest risk for dropping out of formal education and 36%
of radiography students fall into that high risk category.
Slight differences between the student groups exist; however, learning
style variables were not useful in predicting success in radiography education.
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Chapter I
Introduction and Problem
Background of the study
Professional radiographers conduct complex medical diagnostic
procedures using state-of-the-art computerized imaging equipment.
Personnel in radiology are required to be technically proficient in procedures
used to investigate human anatomy and function. These individuals are
educated in radiation physics, radiobiology, human anatomy, physiology,
pathology, pharmacology, imaging principles and patient care procedures.
Technological advances within the field have broadened the scope of practice
in recent years and increased the depth and breadth of knowledge required to
perform these examinations. Radiologic technology, currently experiencing
a shortage of qualified personnel, is one of the fastest-growing occupations in
the country, according to the American Medical Association (2000). In fact,
the above average rate of growth in this profession is predicted to continue
until 2006, according to the U.S. Bureau of Labor Statistics (2000). As this
demand increases, pressure for schools and colleges to produce more
qualified individuals increases. The challenge for educators is to prepare
more competent care-givers from a diminishing pool of applicants with
limited classroom and clinical resources. Given those parameters, educators
must find ways to assure that every accepted student is offered an
opportunity to succeed, which gives rise to the search for improvements in
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teaching and learning.
Recent studies in radiologic science education indicate a mismatch
between the workplace demands for entry-level technologists and their level
of skill (Akroyd & Wold, 1996).

Those studies as well as changes in national

curriculum and degree leveling prompted investigation into educational
reform by Bugg (1998), who wrote:

Educational reform is needed, but changing content alone will
not solve the problem. Educators must reform teaching
strategies and techniques. Instructional delivery systems must
change to accommodate the cultural diversity and different
learning styles of the current student populations. Educators
must be prepared for an accelerating rate of change in the health
care environment and the educational system. Educators must
change the way education is delivered. (p.S)

Boyatzis (1995) also points to the need for educational reform and suggests
educators shift their focus from the teacher-centered environment to the
learner-centered environment. He offers learning as the primary mission of
the educational organization as opposed to teaching as a primary objective.
However, improvements to the educational system have been slow to
develop, and although many reform movements have been proposed, none
have dramatically changed the way educators conduct the business of
teaching and learning (Dryden & Vos, 1994). This statement is true in many
areas of education just as it is in medical radiography, where instruction is
conducted using various teaching methodologies; but lecture remains the
primary mode of knowledge transfer.
2

One type of reform worthy of consideration by educators is the
learning style movement. Once called "the most vital development in
American education today" by DeBello (1990), the learning styles movement
demonstrates how to maximize the learning preferences of individual
students to improve learning. Developed over a period of sixty years, the
study of learning styles began with the theories of personality and has
evolved into a process for determining students' learning strengths and
using that information to benefit the learning process.
Learning styles are unique to each student entering the learning
environment, yet it is often assumed by educators that students will respond
to and in fact learn from a single method of teaching. If one agrees with the
literature that learning styles exist, and further, that students given an
opportunity to explore new material in a method closely suited to their own
learning preferences are more likely to succeed, then it follows that
identifying and adapting curricular activities to multiple learning styles
would increase the chances of student success. The process of identifying
learning styles is currently the most precise way to "diagnose and treat"
teaching and learning (Dunn, 1999).
Statement of the problem
The medical industry's demand for radiology personnel continues to
increase as the resources for education and number of qualified applicants
decrease. Faculty and administrators of radiography programs are faced with
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the dilemma of maintaining high program completion rates without
compromising the quality or competency of graduates who will eventually
perform critical health care procedures on the general public. Attrition rates
in radiography programs in the United States average 26.5 percent, with the
highest dropout occurring in the freshman year (Mulkey, 1994). In addition
to poor health, family problems and financial issues, academic problems
were identified as one of the major reasons students did not complete their
program (Mulkey, 1994). Although faculty may perceive the need to advance
more students through the system, grade inflation would certainly be
apparent in this segment of health care, where practical application of
knowledge is part of the competency assessment process. Other factors, such
as high standards in medical ethics and national board examinations, play a
part in eliminating students who have not fully mastered principles or
content and may serve to further minimize the available pool of employees.
Improvements in teaching and learning offer one way of addressing
the need for an increased number of graduates without compromise in
competency. One such improvement is to identify individual strengths in
learning and utilize techniques in teaching and studying that maximize
those strengths.
Purpose of the study
The purpose of this research is to establish the learning style
preferences of radiography students and to study the relationship between
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learning styles and student success in radiography: more specifically, to
determine the common characteristics of successful students as compared to
the incoming freshman population and develop a profile of characteristics
that identify students at risk of not completing their degree. Studies
involving several health science disciplines indicate that trends exist within
specific fields and that certain occupations attract individuals with similar
learning characteristics. Previous research has focused on nursing and other
health science disciplines, yet learning styles have not been researched in
relation to the field of radiography and few authors have addressed the issue
in the radiography education literature. A variety of studies conducted using
learning styles theory also indicate that students who have identified their
dominant learning preferences and use techniques closely related to those
strengths demonstrate significant improvements in learning achievement
(Dunn, 1999). It seems logical that providing learning style information to
the student population would improve learning in general and further,
providing individualized interventions for students at risk of not
completing their degree would improve learning and possibly increase
retention.
Significance of the study
Student success at the associate degree level significantly improves
earning potential. According to the Florida Department of Labor (1999), the
average graduate with an associate of science degree earns more than an
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average graduate with a bachelor's degree. This phenomenon is generally
attributed to the high earning potential in the health science fields where
entry level salaries range from $30,000 to $40,000 per year. The average
national salary for a radiographer is nearly $40,000, according to a 1997 survey
by the American Society of Radiologic Technologists.
Legislative bodies also recognize the contribution of high wage earners
to the economic growth of a community and have created incentives for
colleges to effectively and efficiently educate personnel. Funding for higher
education in some states is proportional to the number of students
completing a program. More specifically, associate of science degree
programs in health science are funded at a higher rate per full time
equivalent (FTE) than liberal arts courses. Florida funding, also known as
Performance Based Funding, is partially based on the number of students
completing the degree, attaining the appropriate credential, and securing
employment within their field.

This research may contribute information

which has the potential to increase completion rates and therefore impact
funding for radiography programs working with this type of incentive
formula.
Accreditation standards for the radiography profession also require
that each program set and maintain a standard retention rate. The Joint
Review Committee for Education in Radiologic Technology (JRCERT)
Standards for an Accredited Program (1997) require that each program
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identify targets for course completion (a minimum of 75%), program
completion, credential exam pass rate, and graduate placement in field.
Many states have programmatic review processes which also delineate high
standards for program completion. These standards further strengthen the
argument for educational improvements which lead to increased retention,
program completion and improved learning for the purpose of gaining
professional credentials and securing employment.
This study may provide information which could be helpful to
radiography program directors and college administrators about how to
increase retention and improve learning. Again, it may provide
information about how to retain students in radiography without
compromising the learning or evaluation processes.
Research questions
Questions investigated assess how well one can predict the
completion of a radiography program from information about a student's
learning style.
1.

What are the primary learning styles of students entering
radiography programs?

2.

What are the primary learning styles of radiography students
who are about to complete a radiography program?

3.

Are there differences in learning styles between incoming
freshmen radiography students and those about to graduate?
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Hypothesis
Program completion in radiography cannot be predicted from
information about a student's learning style.
Limitations
Sources of error in developing this research have been identified and
controlled to the extent that it was possible. One source of error is the
assumption that the sample is representative of the entire radiography
student population. Although the sample (n=617) exceeds the prescribed
quantity (n=200) for power analysis, it is a small portion of the total student
population

(n=~ 12,000)

enrolled in radiography programs (JRCERT, 2000).

Another potential error is found in the assumption that all non-completers
depart because of academic issues. If one assumes that the differences
between the two groups represent those students who will not complete a
program or are "at-risk", it is important to be mindful that some noncompleters in this study have left programs due to personal reasons such as
family crisis, financial concerns or other non-academic reasons as opposed to
academic problems (Mulkey, 1994).
Research design
Incoming freshman and graduating sophomore radiography students
(n= 617 ) in randomly selected associate degree programs in the United States
and Puerto Rico were surveyed to determine their learning styles using the
Productivity Environmental Preference Survey (PEPS), a pencil and paper
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scan-type survey designed by Dunn, Dunn and Price (1991).

The Dunn,

Dunn and Price PEPS instrument was chosen because it is specific to adults,
assesses 20 variables of learning preference and has been found to be valid
and reliable. Seventy-five percent of the reliabilities of the 20 variables are
equal to or greater than .60 by Price, Dunn and Dunn (1991). Similar results
were obtained by LaMothe in 1991 who conducted research to establish the
validity and reliability of PEPS when used with baccalaureate nursing
students. The PEPS has been used extensively in other recent studies of
health science students, predominantly in nursing.
Program directors of the participating associate degree granting
colleges were asked to submit an institutional letter of agreement to
participate. PEPS forms and student consent forms were mailed to thirty
programs with the request to distribute consent forms and administer the
PEPS instrument to all radiography students.

Program directors were then

asked to verify that students had correctly identified the academic year in
which the student was enrolled and return all forms. Conduct of the study
was approved by the Florida Atlantic University Institutional Review Board
review process.
Freshmen students were defined as those who have begun the course
of study in radiography, but not yet completed one full year; sophomores
were those who had completed over one year, but not yet graduated from the
program. The surveys were collected from twenty-six programs and
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forwarded to Price Systems Incorporated for scanning and scoring. The
returned data were analyzed using the computerized statistical analysis
package SPSS.
Descriptive statistics of both the freshman population and the
sophomore population were examined independent of one another.
Descriptive statistics of the entire sample were also compiled and then
compared to the general population as published in the literature. Finally,
the two groups were compared to each other using discriminant analysis to
answer the previously stated research questions and test the hypothesis.
Definition of terms
Terms used in this research are operationally defined as follows:
AT-RISK STUDENTS: Students enrolled in the program who are not likely
to complete the prescribed curriculum successfully.
LEARNING STYLE: The way in which a person begins to concentrate on,
process and retain new and difficult information (Dunn & Dunn, 1993).
FRESHMEN STUDENTS: Students enrolled in the first year of an associate
degree radiography program, regardless of the number of credit hours earned
in college.
SOPHOMORE STUDENTS: Students enrolled in the second year of an
associate degree program, regardless of the number of credit hours earned in
college.
NOISE LEVEL PREFERENCE: Persons with PEPS scores below 40 in this
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category prefer quiet learning environments; persons who score above 60
prefer learning environments with some background noise.
LIGHT PREFERENCE: Persons with scores below 40 prefer dimly lit learning
environments; persons who score above 60 prefer brightly lit environments
for learning activities.
TEMPERATURE PREFERENCE: Persons with scores below 40 prefer cool
learning environments; persons who score above 60 prefer warmer
environments.
DESIGN PREFERENCE: Persons with scores below 40 prefer informal
instructional settings; persons who score above 60 prefer more formal
settings with more structure to seating and desk arrangement.
MOTIVATION: Persons with scores below 40 tend to be less motivated by
academics; persons who score above 60 prefer the academic arena and tend to
prefer self-pacing and self-designed activities.
PERSISTENCE PREFERENCE: Persons with scores below 40 have tendency
for low persistence; persons who score above 60 demonstrate a need to
persist.
RESPONSIBLE/CONFORMING PREFERENCE: Persons with scores below
40 prefer to conform when the topic is of personal interest; persons who
score above 60 tend to conform in any educational venture.
STRUCTURE PREFERENCE: Persons with scores below 40 prefer less
structured learning environments versus persons who score above 60 prefer
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extreme structure in learning activities with clearly stated objectives for each
step of an assignment.
ALONE/PEERS PREFERENCE: Persons with scores below 40 prefer to learn
alone and work on projects alone; persons who score above 60 prefer to
learn while interacting with a group of peers.
AUTHORITY PREFERENCE: Persons with scores below 40 prefer no
authority figure present when learning; persons who score above 60 prefer
some authority presence.
SEVERAL WAYS: Persons with scores below 40 prefer consistent learning
sequence; persons who score above 60 prefer variety in learning activities.
AUDITORY PREFERENCE: Persons scoring above 60 recall 75% of what they
hear. These individuals will benefit from presentations that are heard such
as lecture, group discussion and tape recordings.
VISUAL PREFERENCE: Persons who score above 60 recall 75% of what they
see. These individuals will benefit from presentations that are supported by
visual aids such as multi-media projections, pictures, maps and graphics.
TACTILE PREFERENCE: Persons scoring above 60 recall 75% of what they
touch. These individuals benefit from lab activities that include physical
models of a subject or touching the actual materials they are learning about.
KINESTHETIC PREFERENCE: Persons scoring above 60 recall 75% of what
they do. The individuals remember motion and rhythms of activities and
benefit most from performing an activity related to their learning.
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INTAKE PREFERENCE: Persons scoring above 60 prefer food or drink when
learning. These individuals prefer to snack in order to maintain their focus
on a subject.
TIME OF DAY PREFERENCE: Persons scoring below 40 prefer evening hours
versus persons who score above 60 who prefer morning hours for learning.
MOBILITY PREFERENCE: Persons with scores below 40 prefer still learning
environments versus persons who score above 60 who prefer physical
movement.
Organization of study
This study is presented in five chapters. Chapter I introduces the
concept of learning styles and establishes the needs for improvements in the
area of radiography education. Chapter II is a review of literature related to
learning styles and establishes a chronology of the theory of personality type
as it leads to an understanding of the individual differences in learning.
Chapter III identifies the research methods employed in the study and
defines the statistical process utilized. Chapter IV reports the results of the
statistical analysis of data and Chapter V summarizes the research and
proposes areas for further investigation.
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Chapter II
Review of Related Literature
Each learner is unique in ability and interest. Several authors describe
the abilities of students by examining personality traits and suggesting that
common characteristics for learning exist. Beginning with a broad look at
personality type and styles, this chapter looks at how the field has grown to
understand learning as a highly individual and multidimensional process
with influences that are both genetic and environmental. Specifically, this
literature review includes a look at personality types; the connection of
personality to learning styles; the early pioneers in learning styles; and
finally, an introduction to the Dunn model for learning styles and the
related research on health science students using the Dunn's instrument.
The early writings of Jung, Meyers and Briggs discussed theory related
to personality characteristics and led to further exploration and clarification
by researchers and theorists such as Kolb, Gardner, Hill, Letteri, Schmeck,
Zenhausern and Gregorc. Each of these authors wrote about their unique
perspectives on how learning takes place and in some instances, proposed
how to use that information. Finally, and after many years of research,
Dunn and Dunn introduced a learning styles model that integrated many of
these theories and created a practical and comprehensive process for
identifying learning preferences and using that information to improve the
learning process. Of further interest are the theories connecting learning
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styles to physical science, as Given (1998) suggests, there are many
neurobiological links to support the Dunn and Dunn learning style model.
Most recently, research with health science students indicates that learning
style adaptation is beneficial to the learning process and provides statistically
significant improvements in achievement and attitude.
Curry (1987) compares the integration of learning style writings to an
onion, declaring that each layer of the onion represents a specific aspect of
learning such as personality, processing, social needs and instructional
preferences. Each generation of research and writing adds a new dimension
to what is known about how individuals learn. The numerous definitions
of learning styles demonstrate that although terms may differ, the models
overlap (Dunn, DeBellow, Brennan, Krimsky & Murrain, 1981).
Collectively, these authors build a base for understanding personality and
learning styles.
Personality Types
The earliest descriptions of personality are credited to Jung and the
Meyers-Briggs team. Jung (1923) describes two functions for perceiving ideas:
sensing and intuition. The person using sensing abilities takes information,
concepts and problems and uses facts to sequentially develop solutions and
new ideas. The intuitive individual has bursts of imaginative thought with
new ideas resulting from moments of inspiration. In making decisions and
judgements, individuals using a thinking mode collect data from various
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sources to systematically arrive at a conclusion. Other individuals prefer to
use feelings to arrive at conclusions; they value how a decision feels and
how harmony within a group will be maintained. Jung further describes
two orientations to the world, introversion and extroversion. The
introverted individual draws energy from quiet time and space. This person
may find social interactions draining and require private reflection for
processing and problem-solving. The extroverted person becomes more
energized by social interactions and tends to process thinking outwardly by
talking about a topic with others.
The Meyers-Briggs team broadened these earlier concepts by describing
the need for structure, using the terms judging and perceiving. The
preference for judging is described as a need for closure and finality, marked
by timely decision making and goal-orientation. Individuals preferring
open-ended situations and continuous information gathering are considered
the perceiving type. Meyers and Briggs developed an instrument widely used
for personality typing and personality-type research, the Meyers-Briggs Type

Indicator. Several versions of the instrument exist: the shorter version is a
self-scoring tool best used in workshops and introductory sessions about
personality type; the longer version requires professional scoring and
provides a more accurate depiction of one's type. The Meyers-Briggs model
for personality types may be demonstrated on a continuum as shown below.
Interaction with world:

Extroversion (E)
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Introversion (I)

Information preference: Sensing (S) _ _ _ _ _ Intuition (N)
Decision making:

Thinking (T) _ _ _ _ Feeling (F)

Need for structure:

Judging (J)

Perceiving (P)

Research using the Meyers-Briggs Type Instrument (MBTI) has identified
sixteen personality types by utilizing the possible combinations of the above
characteristics. This research is deemed useful not only for personal growth,
but also for workplace team building, student counseling, patient counseling
and in any circumstance where improved understanding of human
interaction is necessary. As defined by Meyers-Briggs, these preferences are
simply what comes to each person naturally, they are the result of
established patterns of behavior developed over time. Each of the
preferences can be modified or "flexed" in order to use an opposite or
opposing preference, and may be utilized to expand one's ability to improve
performance and human understanding.
Personality and Learning Styles
Charles Schroeder (1993) adapted the original work of Meyers-Briggs
and used the Meyers-Briggs Type Indicator (MBTI) to identify four patterns of
learning.

Schroeder combined the introversion vs. extroversion

components with the sensing vs. intuitive components to create four
learning preferences.
• ES pattern (extrovert sensing): concrete active
• IS pattern (introvert sensing): concrete reflective
17

• EN pattern (extrovert intuitive): abstract active
• IN pattern (introvert intuitive): abstract reflective
The significance of Schroeder's work in his study of college students
was to demonstrate the predominance of ES learning patterns (concrete
active) followed by IS, EN, and IN. Since concrete active learners are actionoriented realists, they learn best when they are involved in an activity for
which they see application. Concrete reflective (IS) learners prefer factual
and realistic course content in a presentation style that allows them to be
more passive. Abstract active learners (EN) prefer action, but more
importantly they prefer an exploration of what is possible. Abstract reflective
learners (IN) are the most scholarly, interested in learning for the sake of
knowledge. These learners enjoy endless exploration of possibilities and will
rarely seek application or closure (Schroeder, 1993).
According to Schroeder (1993) most professors tend to be of the abstract
reflective type (IN), an intuitive introverted personality, one who may take
great leaps of logic to arrive at a conclusion after quiet thought and
introspection. Students, he learned, were of an opposing position, the
majority being concrete active learners (ES), or extrovert sensing personality
types, whose needs for learning include active dialogue with well planned
lessons and sequential material with logical steps to conclusion. It is this
mismatch of professor to pupil that he concludes is the root of frustration for
faculty and failure for students. Finally, Schroeder suggests the exploration
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and understanding of learning preferences and the affirmation of learning
differences will bridge the gap between faculty and student to the improved
satisfaction of all concerned.
Multiple Intelligences
Gardner (1983) also suggests a model of learning by describing a theory
of multiple intelligences in which the learner has many forms of
intelligence. He describes each form of intelligence as the individual's
natural way to learn new information. Linguistic intelligence is a mode in
which the individual is talented in language and speech, able to take in new
information that is spoken and able to communicate outwardly. The
individual with musical intelligence is gifted with an ability for song and is
able to create and remember the musical message. The logical-mathematical
type has a natural capability with numbers and is able to sort patterns and
calculate mathematical problems with apparent ease. The spatial
intelligence type has a talent for comparison and manipulation of mental
images to solve problems. Talents of the bodily-kinesthetic learner are
found in movement, athletics and dance; these individuals move with ease
and remember information related to such movement. Those learners with
internal and external personal intelligences use their natural abilities to
relate to their own feelings or to the feelings of others and use those
relationships to develop a context for understanding information. Finally,
the naturalist type relates well to their surroundings and uses his or her
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ability to recognize patterns in the natural environment to distinguish
differences.
Most recently, Gardner (1999) asserted that multiple intelligence
theory may facilitate a greater understanding of a particular subject by
providing more powerful points of entry for a topic, offering analogies and
providing multiple representations of central or core concepts. Once again,
the emphasis is that learning happens in many different ways, and that the
learner may use his or her own dominant form of intelligence to reach a
successful conclusion in learning new material.
Early Learning Styles
Kolb (1985) developed a Learning Style Inventory and contributed
significantly to the understanding of learning styles through his research.
He considered learning on a continuum where individuals may prefer
immediate concrete experiences, reflective observation, abstract
conceptualization or active experimentation. Kolb (1985) suggests that
learners move through different learning styles at different times in life. He
labeled the four categories of learners as accommodators, assimilators,

divergers and convergers. The accommodators are learners who prefer
doing things, carrying out plans and involving themselves in new
experiences. The assimilators prefer to create theoretical models through
their strengths in abstract conceptualization and reflective observation. The
divergers are imaginative and enjoy problem solving; they are best at
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concrete experience and reflective observation. The convergers are likely to
prefer abstract conceptualization and active experimentation and excel in the
practical application of ideas. Again, the importance here is the
identification of differences in learning among students.
Others have built on the work done by Kolb. Bernice McCarthy (1980)
developed the 4MAT system based heavily on his learning theories.

The

4MAT system is designed to be used by teachers in developing lesson plans
that incorporate the four main learning preferences into practical
instructional activities. This system suggests that instruction occur in the
students' dominant learning style during a portion of each lesson and that
students flex their learning to the non-dominant styles as well. The purpose
of this wheel pattern is to promote intellectual growth and provide
opportunities for students to learn in many ways. McCarthy also points out
that it does minimize the effects of traditional evaluation techniques on the
overall outcomes. The McCarthy system does not rely on diagnostic tools to
identify learners' individual characteristics, but rather assumes that learners
fall into the four major categories and will be served best by experiences in
dominant and non-dominant learning modes.
Hill (1976) was one of the first researchers to present a model for
learning styles based on a diagnostic-prescriptive process. His early
instrument identified many of the learning characteristics written about
today; in fact, Hill's model was one of the first to identify cultural influence
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on one's learning capability and is considered by many to be a precursor to
the sociological influences written about by Dunn and Dunn (DeBello, 1990).
Letteri (1980) viewed learning in terms of information processing,
storage and retrieval. His method identified many differences among
students and categorized them according to their academic performance.
The Type 1learner was a high academic achiever, Type 2 was a mid-achiever,
and Type 3 a low achieving student. The ultimate goal of his approach
dictated that, regardless of preferences, students would be molded toward the
Type 1 learner by following a proper set of sequences for information
processing. In this model, all students would adapt to fit the learning styles
of the Type 1 learner to be successful. Although this theory is not popular in
application today, its merits are found in the recognition of differences
among learners and the connection of learning style to student success.
Schmeck (1988) argues that all cognitive styles may be accounted for
with two broad categories of learners termed "analytic or global." The
analytic learner is field- independent and focuses on details, procedures and
the "proper" way to do something. This learning style is controlled and
sequential in thought and attention. Global learners are described as fielddependent with attention to "big-picture" views, scanning information to
create an overall impression. Their thinking is intuitive and random and
they tend to be able to see similarities in different experiences, as opposed to
the analytical learner who would be likely to see differences among
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experiences.
With the help of other researchers, Schmeck (1988) has explored the
concepts of cognitive style, the impact of the learner's motivation and
anxiety, the use of learning strategies and the contexts of learning as they
apply to schooling and life. The significance of Schmeck's contributions to
understanding learning styles, in addition to his earlier Inventory of
Learning Processes instrument, lies in the suggestion that learners are best
served when they learn to become flexible with their cognitive style,
ultimately developing a mental position between the extreme positions of
analytical and global. Schmeck (1988) considers good teaching to be that
which helps the student to improve his or her approach to learning,
referring to the idea that a learner's self-awareness is as important as
curriculum.
Zenhausern (1982) developed the Brain Hemispheric Preference Test
to determine the right versus left brain dominance of an individual.
Zenhausern indicates that left brain dominant persons respond to logical
analysis of facts. They prefer sequence, hard data and case study. Left brain
dominance individuals prefer evaluation and testing that is objective and
straight forward. Right hemisphere dominance disposes individuals to an
extemporaneous style, relying on intuition, creativity, exploration of hidden
possibility, a preference for visual display and emotional involvement.
Zenhausern found that both sides of the brain are capable of reason, but that

23

each does so by different strategies, and that regardless of dominance, they
are capable of mastering identical information or skill. Zenhausern (1982)
stresses the need for instructors to understand their own brain dominance
and further, to address both types of learning patterns in each lesson. His
research suggests that matching individuals' hemispheric processing
preferences with instructional materials increased learning performance.
The significance of brain dominance theory for education is again focused on
the individual characteristics that make learners unique and that adaptation
toward that end yields significant improvements in learning.
Gregorc's (1985) Style Delineator evaluates learning style tendencies
and similar to the Kolb instrument, categorizes learners into one of four
learning patterns. Concrete sequential learners acquire knowledge through
hands-on activities. Concrete random learners prefer experimentation and
may make intuitive leaps of understanding. Abstract sequential learners
prefer rational, planned activities which are driven by an authority figure.
Abstract random learners prefer unconstructed activities that allow for
perception of human behavior. Gregorc wrote that individuals are born
with their respective learning preferences and natural abilities, but that these
natural preferences may be altered by discipline and situation.
The Dunn's Model for Learning Styles
Dunn and Dunn (1999) describe learning styles as the way individuals
begin to concentrate on, process, internalize and remember new and difficult
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academic information or skills. Griggs (1983) describes the Dunn model for
learning styles as multidimensional, practically oriented and concise. ·
Learning styles indicate preferences in using different senses and activities
for integration of new information into one's memory. This model, in its
simplest form, can be presented in three primary steps: the diagnosis of
learning styles, that is, determining the individual strengths of the learner;
the prescription of learning, communicating to the learner his individual
strengths; and treatment of learning, that is, adapting the learning
environment to capitalize on the strengths of an individual or group using
targeted proven strategies. The research base using this model of learning
style exceeds 500 studies reported from over 100 colleges and universities
(Dunn & Dunn, 1997). Recent studies are beginning to document the
connection of neurobiological processes in the human brain to learning
styles, furthering our understanding of the learning process.
Five categories of learning styles are described in the Dunn model: the
environmental (sound, light, temperature and design), the emotional
(motivation and responsibility), the sociological (learning alone or with a
group), the physiological (visual, auditory, tactile, kinesthetic, time of day
and food intake), and the psychological (global vs. anal:ytical). The
environmental preferences reveal one's ability to concentrate in relation to
...._

his or her surroundings: noisy or quiet, cool or warm, formal or informal.
The emotional preferences reveal the students' motivations and their
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perceptions of how they handle responsibility for learning. The sociological
preferences reveal the students' desire to work alone or with a group or
team. The physiological preferences involve the circumstances or stimuli
that promote a meaningful memory of new information; these are the
perceptual preferences for visual, auditory, tactile or kinesthetic stimuli.
This category of physiologic preference also addresses the need for food
intake, the preferred time of day and the need for mobility while learning
occurs. Lastly, the psychological factors involve learning that is global or "big
picture" oriented versus a preference for strictly analytical, detail-oriented
learning.
These five categories of learning styles may be further viewed as 21
separate preferences. These are the twenty areas assessed by the PEPS
instrument and include sound, light, warmth, formal design, motivation,
persistence, responsibility, structure, preference for learning alone, authority
orientation, learning in several ways, need for auditory stimuli, visual
stimuli, tactile stimuli, kinesthetic stimuli, food requirement, time of day
and need for movement. Each of the learning preferences has been
operationally defined in the previous chapter in the definition of terms. The
twenty-first preference, the psychological factor of global versus analytical
processing, is a compilation of factors including persistence, sound, light,
design and intake. Factors that relate to an analytical processing learning
type include an individual with high persistence and a preference for a quiet,
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bright and formal learning environment. These persons generally express
little need for intake during learning sessions and are also known as the leftbrain dominant processor (Dunn, 1996). These individuals prefer learning
which is detail oriented and provides sequential introduction of new
material. Conversely, the global learner demonstrates low persistence, a
need for frequent breaks in learning, preferences for background noise, dim
lighting and informal seating as well as a high need for intake. These
learners prefer to study a topic from the "big picture" perspective, beginning
with an overview of the general topic before exploring the details. These
characteristics are closely associated with the right-brain dominant
individual.
Griggs and Griggs (1998) suggest that researchers and instructors
should focus on the individual differences among learners, that a variety of
learning styles exist among students in health care professions and that these
differences should be accommodated. Distribution of perceptual learning
styles within the general population are 30% auditory, 40% visual, 15%
tactile, and 15% kinesthetic. The implications of dominant perceptual
learning differences are significant. Visual learners remember 75% of
material presented in a visual format. Visual learners require information
they can see in pictures, diagrams or movies. Auditory learners remember
75% of that which is heard. Lecture, music, voice interaction, and taped
recordings will enhance auditory learning. Tactual learners remember 75%
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of information that is new and difficult when it is learned in a "hands-on"
mode. Tactile learning requires touch. Written notes, coloring, tracing, and
other "hands-on" activities will promote this type of learning. Kinesthetic
learners remember 75% of material that is learned while they are in motion
(Dunn & Griggs, 1998). Kinesthetic learners take "hands-on" to the next
level by requiring body movement or physical application of a process as a
part of their learning process. Most students who drop out of traditional
school settings have predominantly kinesthetic and tactile preferences
(Dryden and Vos, 1994).
Griggs and Griggs (1998) describe an eight point guide to assist
instructors in experimenting and teaching with learning styles. They suggest
beginning with a learning-style instrument that is appropriate for the target
population, one which provides strong reliability and validity. Dunn, Dunn
and Price have developed a tool for use with children, the Learning Styles

Instrument and one for adults, the Productivity Environmental Preference
Survey. Once the appropriate tool is identified, the instructor should
administer the instrument to the population of students whose learning
styles they wish to identify. Once the instrument is scored, it is then
important to provide an interpretation of the results of the learning-styles
assessment to each student and explain his or her individual style. This step
is significant in facilitating the student's understanding of his or her
personal strengths. Ideally, the instructor would provide students with
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individual learning prescriptions which provide a basis for individualized
study plans. At the same time, the instructor should begin accommodating
students' varied perceptual preferences by incorporating activities into
presentations that serve all learners regardless of dominant perceptual style.
Further, it is suggested that instructors permit accommodations for different
acoustical, illumination, and seating preferences in each classroom by
developing separate sections of formal and informal seating, differently lit
areas and quiet work space. Griggs and Griggs (1998) also suggest that
instructors address the needs of global learners by beginning presentations
with a big picture view of objectives and then provide details in a step-wise
manner for the more analytical learners.
Building awareness of learning styles on the part of both students and
instructors is one step toward improving the teaching and learning process.
Adapting the methods of teaching to the students' learning styles can be the
next significant step in that improvement process. Dunn, Dunn and Price
(1989) write that students who are taught in methods closely matching their
learning style preferences have significantly higher test scores. Study after
study proved that measurable and significant learning improvements were
achieved by accommodating students' learning styles in the classroom, in the
study environment or both. Accommodating students' learning-style
preferences and strengths through compatible instructional interventions
results in increased academic achievement (Griggs,1983). This position is
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supported by numerous authors in the literature, but they often disagree
about the extent to which this concept is applied. The work of Fitzgibbon,
Heywood and Cameron (1991) suggests that learning styles need not be
matched directly or exclusively to teaching style, but there is a need for
variety in instruction. As learning style assessment methods are more
widely implemented and adaptive teaching methods are improved, the bond
between the two should strengthen to benefit the students of the next
century.
Specific measures toward learning style adaptation have been
proposed by Dunn and Dunn in several forms. Programmed Learning
Sequences (PLS), Contract Activity Packages (CAP's), Team Learning, flipchutes, task cards and other carefully designed teaching and learning
methodologies have been introduced by the Dunns. Each of these
adaptations is designed to address the specific needs of a learning style type or
combination and each of the methods has been studied for its contribution to
the learning achievement of students. A Programmed Learning Sequence
(PLS) is a booklet of material prepared by the instructor or the student, which
incorporates visual and tactile learning processes. It is generally colorful,
cleverly shaped to suit the subject matter, and covers course content in a
highly-sequenced manner from beginning to end. The Contract Activity
Package (CAP) is also a structured learning process that allows highly
motivated students to work with the instructor to develop a self-contained
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unit of study, beginning with specific objectives. Each unit includes resource
alternatives, small group techniques, activity alternatives, report alternatives
and assessments processes. CAP's take on a form and function that is unique
for each learner, they are presented in boxes, on tables, in multimedia and
various other forms which are limited only by the student's imagination.
Team learning involves small group activities where learners work together
to answer questions related to the course content that require a range of
understanding from simple to complex. Finally, in team learning, the group
is required to take the new material and compose some original use of the
information in the form of a song, poem, picture or puzzle. Flip-chutes and
task cards are tools directed toward visual learners, but the activity of
development and use of these tools is beneficial for the tactile learner as
well. Flip-chutes are two sided flash cards that when slid through the
modified milk carton "chute" reveals the correct answer for the posed
question. Task cards are similar to puzzle pieces created by placing related
information (question/ answer, term/ definition) on either side of an index
card, laminating the surface and cutting the two pieces of information apart,
thus creating two matching puzzle pieces. Each of these methodologies has
been tried and tested with children and with adults with surprising results.
O'Hare (1999) describes the process of learning style intervention with
adult nursing students, including the introduction of PLS's, CAP's and other
methods mentioned, as a journey from trepidation to success, and concludes
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that once students and faculty make the connection between learning styles
and examination scores, they will not want to return to their old traditions.
Miller (1999) also studied the impact of learning style intervention on adult
health science students, specifically diagnostic medical sonography students,
and also documented statistically significant improvements in learning and
attitude through the use of the PLS and other methods of learning style
adaptation.
The research base using this model of learning style exceeds 500
studies reported from over 100 colleges and universities (Dunn & Dunn,
1997). A review of previous research reveals that 78 studies have been
conducted on learning styles in health sciences. According to Dunn (1999),
the majority (n=53) are in the nursing discipline, yet others exist in medicine
(n=15), dentistry (n=4), medical technology (n=1), sonography (n=1) and
dental hygiene (n=1). Of the studies cited, the majority used the Kolb
Learning Style Inventory (n=33), followed by the Dunn, Dunn and Price
PEPS instrument (n=7). Other instruments used in these studies include
Gregorc's Style Delineator, the Meyers-Briggs Type Indicator, Schmeck's

Inventory of Learning Processes and Zenhausern's Hemispheric Preference
Test.
In the history of learning styles research, one author has moved from
questioning whether learning styles exist to questioning why these
differences exist. Given (1998) writes that learning-style instruction based on
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the Dunn model is effective because students get what they need from their
learning experience. She suggests that triggers for learning are based in
psychology and neurobiology and in her research she seeks explanations for
why learning style methods work. Given (1998) speculates that it is through
genetic coding and mechanisms of neural pathway development that
differences in learners evolve, that perceptual preferences may actually be in
response to levels of neuronal arousal that permit learners to concentrate on
specific learning tasks. Alkon (1992) adds that genetic predisposition for
learning preferences may be altered by experiences and that neural pathways,
once developed, may determine all future interests and experiences.
Recently, neuroscientists have challenged the medical imaging and research
community to join forces in documenting brain function in relation to
learning. They suggest the use of functional magnetic resonance imaging
(fMRI) to document the function of specific parts of the brain during
predetermined tasks. In other words, they believe their next step is to
document the part of the brain being used for each specific learning activity.
This review of learning style literature suggests a common theme
among theorists; that is, learning styles do exist. It appears that humans are
born to a set of preferences, yet the debate about how to identify and address
those differences lingers (DeBello, 1990). Some of the models examined are
based solely on theory, while others are based on years of research. From this
diverse collection of views it is clear that students do learn differently and
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that adaptation of instructional programs to learning styles will statistically
improve student achievement (Dunn, Beaudry, & Klavas, 1989).
Past studies (Highfield, 1988; LaMothe, 1991; Lefkowitz, 1999; Miller,
1999) served to identify the unique learning styles of health science students
in disciplines such as nursing, sonography and health information
management. Each of these studies has provided educators with a profile of
learners' needs. Some focused on the identification of dominant styles for
individuals, while others examined demographics such as age, gender or the
combined characteristics of a group. In both cases, the research again
demonstrated significant improvements for those who developed learning
styles adaptations. To date, no studies in learning styles are reported in
relation to radiography education, thus presenting an opportunity for
research that addresses new and perhaps vital information for those
involved in radiography education.
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Chapter III
Method
The purpose of this research is to study the relationship between
learning styles and student success in radiography, and to determine the
common characteristics of successful students as compared to the incoming
freshman population. This research involves establishing the learning
styles of the student population by using the Dunn, Dunn and Price

Productivity Environmental Preference Survey (PEPS). Two groups are
examined: incoming freshmen and graduating sophomores, to determine
the differences between them. Both descriptive statistics and discriminant
analysis were employed to answer the research questions.
Subjects
Opportunities for radiography education exist in many environments
such as hospital-based certificate programs, community colleges, technical
colleges and universities. This sample was limited to college students
enrolled in associate degree granting institutions. To create the sample, one
hundred directors of radiography programs were contacted to determine
interest and willingness to participate in the study. Each director was
surveyed to determine the date upon which freshmen begin each year and
when sophomores graduate, the number of students in each class and their
willingness to administer the PEPS instrument. Letters of intent to
participate were secured from each institution. The research process was
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reviewed and approved by the Florida Atlantic University Institutional
Review Board.
Twenty-six institutions of higher education participated in this study,
representing 18 states from the United States and Puerto Rico. This sample
represents nearly five percent of the 584 accredited radiography programs in
the United States. Power analysis indicated a need for a minimum sample of
200 subjects. The sample (n=617) is 80% female and 20% male, 278 freshmen
and 307 sophomores who returned PEPS surveys. The average age of the
radiography students studied was 28 years.
Instrument
The first step toward answering the research questions is to determine
the learning styles of the population through administration of the Dunn,
Dunn and Price Productivity Environmental Preference Survey (PEPS). The
PEPS is a self-administered instrument with 100 items that provides
summaries for twenty areas. The items presented require a response on a
Likert-type scale ranging from strongly agree to strongly disagree. Each
administration takes 15-20 minutes and is scored by computer scanning. The
freshmen students were surveyed during the first year of their program of
study, screened for previous knowledge of the Dunn, Dunn and Price PEPS
instrument, and asked to review and sign a consent form. The sophomores
were surveyed during the two semesters prior to graduation from their
program, screened for previous knowledge of the Dunn, Dunn and Price
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PEPS instrument, and asked to review and sign a consent form.

Program

directors were asked to review the instrument to determine accuracy in
reporting freshmen versus sophomore status only.
The Dunn, Dunn and Price PEPS instrument was chosen because it is
specific to adults, assesses twenty variables of learning preference and has
been found to be valid and reliable. The PEPS has been used extensively in
other recent studies of health science students. The PEPS was normed using
975 females and 419 males ranging in age from 18 to 65 years. Test-retest
reliabilities for the 20 subscales ranged from 0.39 to 0.87, and 75% of the
reliabilities of the 20 different areas are equal to or greater than 0.60 (Dunn,
Dunn & Price, 1991). Lamothe (1991) also conducted a study that established
the reliability and validity of the PEPS in a population of baccalaureate
nursing students. Seventy-five percent of the reliabilities were equal to or
greater than 0.60 adding further credence to the use of the PEPS with health
science students.
The twenty areas assessed by this instrument include the individuals'
preferences for sound, light, warmth, design, motivation, persistence,
responsibility, structure, authority orientation, auditory stimuli, visual
stimuli, tactile stimuli, kinesthetic stimuli, food requirement, time of day,
and need for movement. The terms to describe the preferences are defined
as:
NOISE LEVEL PREFERENCE: Persons with PEPS scores below 40 in this
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category prefer quiet learning environments; persons who score above 60
prefer learning environments with some background noise, which may
include music or television.
LIGHT PREFERENCE: Persons with scores below 40 prefer dimly lit learning
environments; persons who score above 60 prefer brightly lit environments
for learning activities.
TEMPERATURE PREFERENCE: Persons with scores below 40 prefer cool
learning environments; persons who score above 60 prefer warmer
environments.
DESIGN PREFERENCE: Persons with scores below 40 prefer informal
instructional settings that have soft seating in a casual arrangement; persons
who score above 60 prefer more formal (traditional) settings with more
structure to seating and desk arrangement.
MOTIVATION: Persons with scores below 40 tend to be less motivated by
academics; persons who score above 60 prefer the academic arena and tend to
prefer self-pacing and self-designed activities.
PERSISTENCE PREFERENCE: Persons with scores below 40 have tendency
for low persistence for a learning activity; persons who score above 60
demonstrate a need to persist or to continue an activity or assignment until
it is complete.
RESPONSIBLE/CONFORMING PREFERENCE: Persons with scores below
40 prefer to conform to assignments when the topic is of personal interest;
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persons who score above 60 tend to conform in any educational venture
regardless of its relevance to their own interest.
STRUCTURE PREFERENCE: Persons with scores below 40 prefer less
structured learning processes versus persons who score above 60 who prefer
extreme structure in learning activities with clearly stated objectives for each
step of an assignment.
ALONE/PEERS PREFERENCE: Persons with scores below 40 prefer to learn
alone and work on projects in solitude; persons who score above 60 prefer to
learn while interacting with a group of peers.
AUTHORITY PREFERENCE: Persons with scores below 40 prefer no
authority figure present when learning; persons who score above 60 prefer
an authority presence in order to remain on the learning task.
SEVERAL WAYS: Persons with scores below 40 prefer consistent learning
sequence, one that can be anticipated and becomes routine; persons who
score above 60 prefer variety in learning activities and want change in
presentation style and classroom activity.
AUDITORY PREFERENCE: Persons scoring above 60 recall 75% of what they
hear. These individuals will benefit from presentations that are heard such
as lecture, group discussion and tape recordings.
VISUAL PREFERENCE: Persons who score above 60 recall 75% of what they
see. These individuals will benefit from presentations that are supported by
visual aids such as multi-media projections, pictures, maps and graphics.
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TACTILE PREFERENCE: Persons scoring above 60 recall 75% of what they
touch. These individuals benefit from lab activities that include physical
models of a subject or touching the actual materials they are learning about,
they find note-taking and drawing useful for their study. These students
excel in laboratory and clinical settings where evaluation is predicated on
performance, not written questions.
KINESTHETIC PREFERENCE: Persons scoring above 60 recall 75% of what
they do. These individuals remember motion and rhythms of activities and
benefit most from performing an activity related to their learning. These
individuals also tend to perform well in laboratory and clinical settings.
INTAKE PREFERENCE: Persons scoring above 60 prefer food or drink when
learning. These individuals prefer to snack in order to maintain their focus
on a subject.
TIME OF DAY PREFERENCE: Persons scoring below 40 prefer evening hours
versus persons who score above 60 who prefer morning hours for learning.
MOBILITY PREFERENCE: Persons with scores below 40 prefer remaining
still during learning sessions and are comfortable for normal periods of class
time versus persons who score above 60, who prefer physical movement and
need to stand, walk around and stretch during learning sessions.
Grouping Variable
The grouping variable in this study has two classifications, freshmen
and sophomores. Freshmen students are defined as those who have not yet
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completed one full academic year within an associate degree radiography
program. Sophomore students are defined as those who have completed
more than the first academic year, but not yet graduated from the associate
degree radiography program. These two classifications are used to develop a
predictive model that may be applied to a similar population in the future.
Predictor Variables
The predictor variables are the 20 areas of learning preferences
identified by the PEPS instrument. The predictor variables provide a
numerical value for an individual's preferences for sound, light, warmth,
formal design, motivation, persistence, responsibility, structure, authority
orientation, auditory stimuli, visual stimuli, tactile stimuli, kinesthetic
stimuli, food requirement, time of day, and need for movement in a
learning activity or learning environment.

The demographic predictor

variables examined include age and gender.
Design and analysis
Using descriptive statistics and analysis of frequencies, the learning
styles of the incoming and graduating students were examined. Specifically,
questions answered by this method were:
1.

What are the primary learning styles of students entering radiography
programs?

2.

What are the learning styles of radiography students who are about to
complete a radiography program?
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This information is of particular interest to the individual student and the
instructor because it may be used to direct study habits and improve
learning. This information is also useful to the radiography profession
because it has never been researched or presented in the literature. It
provides an indicator of the dominant learning characteristics of incoming
students to the study of radiography and the characteristics of the incoming
employees to the profession.
Discriminant analysis was employed to examine the differences
between the two groups of students to investigate the final question: Are
there differences in learning styles between incoming freshmen radiography
students and those about to graduate? This methodology provides a
predictive model for completion of a radiography program from
information about a student's learning style. The model may be used to
predict classification for future subjects into two groups, specifically, those
with learning styles characteristics similar to successful students and those
without such characteristics who may be "at-risk." With this grouping
method one may determine how accurately subjects may be paired to groups
based on scores in a set of variables. Analysis of the data also provides
information about the factors which discriminate the two groups from one
another. These factors may be considered when planning curriculum and
learning activities.
Sources of error in developing this research have been identified and
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controlled to the extent that it was possible. One source of error is the
assumption that the sample is representative of the entire radiography
student population. Although the sample exceeds the prescribed quantity for
power analysis, it represents approximately five percent of the total student
population in radiography. Another error is found in the limitation of this
study to the examination of learning related issues. It is important to be
mindful that some non-completers in this study have left programs due to
personal reasons, family crisis, financial concerns or other non-academic
reasons (Mulkey, 1994).
Budget
This research was funded through three educational grants. A five
hundred dollar grant was awarded by the Association of Educators in
Radiologic Science (AERS) in August, 1999. The AERS is a national
educator's professional group whose focus is to advance the practice of
radiography through improving educational methodologies.
A five hundred dollar scholarship from the Florida Atlantic
University Joseph and Muriel Mark Scholarship Fund was awarded in
February, 2000. This scholarship is privately funded and awarded to doctoral
students to assist in the cost of original research.
Finally, a sixty-five hundred dollar grant from the American Society
of Radiologic Technologists (ASRT) was awarded in May, 2000. The ASRT is
the national organization representing all medical imaging professionals. Its
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primary purpose is to set standards for the practice of medical imaging and
serve the public through legislative recommendations related to radiology.
Collectively, these funds covered expenses related to the research of
learning styles such as the instrument, instrument scoring, postage, printing
and in-service education, specifically, in-depth learning styles training with
Dr. Rita Dunn at the Learning Styles Institute through St. John's University
in New York.
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Chapter IV
Results
This study investigates the relationship between learning styles and
student success. More specifically, it examined the learning styles of the
radiography student population and attempted to determine whether
learning style differences exist between a group of incoming freshmen and
graduating sophomores. A survey of 617 college students enrolled in
associate degree radiography programs in the United States and Puerto Rico
yielded data for 572 cases. Learning style preferences were then examined
and compared. Utilizing the statistical software package SPSS, descriptive
statistics of the PEPS data were recorded using the standardized scores for all
twenty categories of learning preferences with the addition of gender and
age. Secondly, the two groups were compared using discriminant analysis to
create a model that would predict classification for future subjects into two
groups, specifically, those likely to graduate and those "at-risk." Lastly, an
analysis of the accuracy of the model was performed, with an examination of
all possible combination of predictors, to determine which variables or
subsets of variables had the highest total hit-rate.
To answer the first research question, regarding the learning styles of
incoming freshmen, descriptive statistics provide information for Table 1.
In general, scores above 60 indicate a high preference in a particular area.
Conversely, a score of less than 40 indicates a low preference toward that
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variable. Values between 40 and 60 are considered on a continuum and may
be compared on a scale relative to other variables (Dunn, 1991). The
dominant characteristics of the incoming radiography students are displayed
numerically. Freshmen students (n=271) display the strongest preferences
for highly structured learning activities (M=58.89, SD=7.10, n=271), that is
activities which have a patterned sequence of events in which expectations
have been clearly communicated. Afternoon is the preferred time of day for
learning (M=56.64, SD=10.75, n=271) for this group of students, who also
express a desire to have authority figures, teachers or supervisors, present
during learning situations (M=55.67, SD=7.46, n=271). These students need
physical mobility during learning sessions (M=55.53, SD=7.44, n=271), and
prefer to engage in sessions that provide action and movement. Freshmen
prefer learning activities that involve their peers (M=55.38, SD=9.92, n=271),
and express a high need for social interaction. The availability of intake of
food, snacks and beverages (M=55.35, SD=8.38, n=271) is also an important
factor for this group of students. The dominant perceptual strength for the
freshmen is auditory, (M=55.23, SD=9.43, n=271), meaning that in general,
these students remember 75% of what is heard. Lecture, music and taped
presentations will all provide useful reinforcement of new material.
Auditory learning is followed by tactile preferences (M=54.30, SD=8.45,
n=271) in learning and retaining new information within the group. The
average year of birth (M=72.82, SD=8.89, n=271) of the incoming student was
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1972, with an average age of 28 years.
Table 1
Descriptive Statistics for Freshmen Radiography Students
Source

M

SD

n

Afternoon
Auditory
Authority
Design
Intake
Kinesthetic
late
Light
Mobility
Motivation
Noise
Peers
Persistence
Responsibility
Structure
Tactile
Temperature
Time
Variety
Visual
Year of birth

56.63
55.23
55.67
49.00
55.35
53.37
47.78
50.63
55.53
50.28
52.09
55.38
53.49
47.65
58.89
54.30
49.67
46.70
44.75
47.97
72.82

10.74
9.43
7.46
7.91
8.38
6.15
8.73
8.31
7.44
7.26
5.74
9.92
6.07
8.22
7.10
8.45
8.30
8.40
9.43
8.32
8.89

271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271
271

To answer the second research question regarding the learning styles
of graduating sophomores, descriptive statistics are provided in Table 2. The
strongest characteristics of the graduating sophomore students are expressed
numerically. Again, scores above 60 indicate a high preference in a
particular area. Scores less than 40 indicate a low preference toward that
variable. Values between 40 and 60 are considered on a continuum and may
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be compared relative to other variables (Dunn, 1991). Sophomore students
in this study display the strongest preferences for highly structured learning
activities (M=57.33, SD=8.00, n=301), that is, planned and sequential routines
of study in which expectations and events have been clearly communicated.
These students are highly social and prefer activities that involve or include
the supervision or participation of an authority figure, teacher or supervisor
(M=55.64, SD=8.29, n=301), as well as the involvement of peers (M=55.55,
SD=9.69, n=301), in their learning activities such as small group activities or
discussion. The group's scores indicate that they prefer learning during
afternoon hours (M=55.45, SD=10.51, n=301). Like the freshmen, these
students also express a preference for movement and mobility and activity
while learning (M=55.15, SD=7.78, n=301). Sophomores in this study have
the strongest perceptual capability in the area of auditory presentation
(M=54.97, SD=9.45, n=301), indicating a need for lecture, discussion, the use
of music and taped recordings for initial introduction of new material and
for reinforcement of such material. Also important to this group of students
is the availability for intake of food or beverages while learning or
concentrating on a new subject (M=54.38, SD=8.36, n=301). The average age
of this group of sophomore students is 28 years of age based on year of birth
(M=72.45, SD=8.46, n=301).
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Table 2
Descriptive Statistics for Sophomore Radiography Students
Source

M

so

n

Afternoon
Auditory
Authority
Design
Intake
Kinesthetic
Late
Light
Mobility
Motivation
Noise
Peers
Persistence
Responsibility
Structure
Tactile
Temperature
Time
Variety
Visual
Year of birth

55.44
54.97
55.64
48.70
54.38
52.55
48.64
49.61
55.16
50.19
51.90
55.55
53.01
47.66
57.33
52.35
49.75
47.36
44.47
48.05
72.45

10.51
9.45
8.29
8.09
8.36
7.59
9.27
9.27
7.78
7.39
6.44
9.69
7.30
8.40
8.00
8.23
9.00
8.47
9.25
8.51
8.46

301
301
301
301
301
301
301
301
301
301
301
301
301
301
301
301
301
301
301
301
301

Descriptive statistics for the combined group are shown in Table 3.
These data provide information regarding the learning preferences for the
entire sample. The strongest preferences exist in seven areas. As a group,
these radiography students prefer highly structured learning activities
(M=58.07, SD=7.62, n=572), which occur in the afternoon (M=56.01, SD=10.63,
n=572). The students express the desire for an authority figure to be present
when learning (M=55.65, SD=7.90, n=572), and like to have peers involved in
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their learning activities (M=55.47, SD=9.79, n= 572). The combined group
prefers mobility during learning activities (M= 55.33, SD= 7.61, n=572), an
auditory style of presentation and reinforcement (M=55.09, SD=9.43, n=572)
and intake of food or beverage while engaged in concentrating on new
material (M=54.84, SD=8.38, n=572). The average age of the entire sample is
28 years of age, based on the year of birth (M=72.62, SD=8.66, n=572).
Table 3
Descriptive Statistics for Combined Radiography Students
Source

M

so

n

Afternoon
Auditory
Authority
Design
Intake
Kinesthetic
Late
Light
Mobility
Motivation
Noise
Peers
Persistence
Responsibility
Structure
Tactile
Temperature
Time
Variety
Visual
Year of birth

56.01
55.09
55.65
48.84
54.84
52.94
48.23
50.09
55.33
50.23
51.99
55.47
53.24
47.64
58.07
53.27
49.71
47.05
44.60
48.01
72.62

10.63
9.43
7.90
8.00
8.38
6.95
9.02
8.84
7.61
7.32
6.11
9.79
6.74
8.31
7.62
8.39
8.67
8.43
9.33
8.42
8.66

572
572
572
572
572
572
572
572
572
572
572
572
572
572
572
572
572
572
572
572
572

An analysis of frequencies provides another perspective on the
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dominant learning styles of the entire sample.

As indicated in Table 4, the

learning styles of the population may be viewed in terms of the percent of
the population with strong preferences in a particular variable. Once again,
scores above 60 indicate a high preference in a particular area, a score less
than 40 indicates a low preference and values between 40 and 60 are
considered on a continuum (Dunn, 1991). According to Dunn (1999), these
strong preferences are the student's most influential traits in learning and
should be the areas in which the student focuses attention for
accommodations.
Frequency statistics for the group (n=572) indicate a population that is
80% female and 20% male. Sixty-three percent of this population strongly
preferred morning learning activity, while 41% strongly preferred afternoon
activities. Approximately 52% of this sample strongly desired highly
structured learning activities.

Thirty-seven percent of the combined

population strongly preferred activities involving peers or classmates. In
terms of perceptual capability and strengths, 35% of these students had a
strong preference (scores above 60) for auditory learning methods, while 28%
had a strong preference for tactile or "hands-on" learning methods. Two
other areas of perceptual learning characteristics which will later be
compared to the general population are the kinesthetic learner (8%) and
visual learners (5%).

Finally, of the total sample, 25% of these students

expressed a need for movement or mobility during learning activities.
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Table 4
Frequency Statistics for Combined Freshmen and Sophomores
Category

%Above 60

%Below 40

Mean

Afternoon
Auditory
Authority
Design
Intake
Kinesthetic
late
Light
Mobility
Motivation
Noise
Peers
Persistence
Responsibility
Structure
Tactile
Temperature
Time
Variety
Visual

40.7
34.6
24.1
6.5
32.8
7.8
7.2
9.2
25.4
12.0
11.0
36.5
12.1
6.4
51.9
27.9
14.1
63.0
2.8
4.6

4.5
4.1
2.4
13.1
2.7
2.2
19.2
17.8
2.6
7.8
1.7
5.6
3.2
19.7
2.2
5.3
9.9
6.3
32.0
20.2

56.06
55.04
55.78
48.83
54.76
52.97
48.22
50.09
55.35
50.15
51.98
55.49
53.13
47.48
58.03
53.31
49.70
47.10
44.63
48.04

Discriminant Analysis
Again, employing the statistical package of SPSS, the data were
analyzed using discriminant analysis of all 20 learning style variables.
Gender and year of birth were also considered. Discriminant analysis was
employed to examine the two groups of students to investigate the final
question: Are there differences in learning styles between incoming
freshmen radiography students and those about to graduate? This
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methodology was intended to provide a predictive model for completion of
a radiography program from information about a student's learning style.
Such a statistical model may have been used to predict classification for
future subjects into two groups, specifically, those with learning styles
characteristics similar to successful students and those without such
characteristics who may be "at-risk". With this grouping method one may
determine how accurately subjects are paired to groups based on scores in a
set of variables. Analysis of the data was also reviewed to determine which
factors, if any, discriminate the two groups from one another.
In classification results, the predicted group membership is compared
to the actual group membership. The percentage of correctly classified cases
is 56.8 percent, revealing the accuracy of the model overall in the most
optimistic sense. The more realistic view of the model is in the crossvalidated cases correctly classified, which is 48.9 percent. The method of
cross-validation employed is referred to as "leave one out," described by
Huberty (1994). The cross-validated classification function correctly classified
fewer than 50% of participants, which may be worse than chance expectation.
A z-test (Huberty, 1989) was employed to further assess performance of the
predictive model relative to chance expectations. In the z-test calculations
displayed in Table 5, the group accuracy of the predictive model for freshmen
was 48.61%, the predictive accuracy of the model for the sophomore class was
50.92%. The total group z score was .00, and the percent improvement over
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chance obtained by using the model was -.71 %. Therefore, the discriminant
analysis model was not useful in predicting student success.
Table 5
z-test Calculations
Category

%Accuracy Group z

Freshmen
Sophomore
Total Sample

48.61
50.92

.58
.00
.00

% Improved over Chance
3.21
-4.64
-0.71

In further analysis, the hit-rates for subsets of variables were examined
using all possible combinations of predictors (Morris & Meshbane, 1995).
Results of the z-tests for the best subset provided data for Table 6. The best
subset was that which had the highest total hit rate and included the five
variables of structure, peers, auditory, tactile and time of day. The accuracy
for freshmen was 58.54% with an improvement over chance of 21.58%. The
accuracy for sophomores was 54.97%, with an improvement over chance of
4.45%. The z-test for the freshmen group was 3.87 and sophomores 0.75. The
improvement for this subset over chance for the total sample was 13.01%.
Table 6
Best Subset z-test Calculations
Category

%Accuracy Group z

Freshmen
Sophomore
Total Sample

58.54
54.97

3.87
0.75
3.20
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% Improved over Chance
21.58
4.45
13.01

Analysis of the data also revealed the subset with a single variable
with the highest total hit rate was tactile as demonstrated in Table 7. The ztest for this single item subset demonstrated an improvement over chance
for the total sample of 12.73%.
Table 7
Best Single Variable z-test Calculations-Tactile
Category

%Accuracy Group Z

Freshmen
Sophomore
Total Sample

64.46
44.41

5.88
0.00
3.30
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% Improved over Chance
32.78
-17.96
12.73

Chapter V
Conclusions and Implications
The purpose of this study was to investigate the dominant learning
styles of radiography students and determine how well one can predict the
completion of a radiography program from information about a student's
learning style. The study included usable data for 572 associate degree
seeking college students enrolled in radiography programs throughout the
United States and Puerto Rico. Twenty-six institutions of higher education
participated in this study, representing 18 states from the United States and
Puerto Rico. This sample represents nearly five percent of the 584 accredited
radiography programs in the United States. Power analysis indicated a need
for a minimum sample of 200 subjects. The sample (n=572) was 80% female
and 20% male, with an average age of 28.
Productivity Environmental Preference Surveys (PEPS) were
completed by 271 freshmen and 301 sophomores. The Dunn, Dunn and
Price PEPS instrument was chosen because it is specific to adults, assesses
twenty variables of learning preference and has been found to be valid and
reliable. The twenty areas assessed by this instrument include the
individuals' preferences for sound, light, warmth, design, motivation,
persistence, responsibility, structure, authority orientation, auditory stimuli,
visual stimuli, tactile stimuli, kinesthetic stimuli, food requirement, time of
day, and need for movement.
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Learning Styles of Freshmen and Sophomore Radiography Students
Few differences exist between the groups of freshmen and sophomore
students. The first research question asked, "What are the learning styles of
incoming freshmen?" Freshmen students (n=271) displayed preferences for
highly structured, sequential learning activities which would ideally occur in
the afternoon. They function best with authority figures present in learning
situations and prefer some type of physical mobility during such learning
sessions. The data demonstrate that this group prefers learning activities
that involve interaction with peers such as discussion, demonstration, group
projects and presentations. As with many adult learners, the availability of
food and beverages during learning sessions is generally preferred to
maintain high energy levels and alertness.
Auditory presentation of information is the preferred perceptual
method for freshmen, indicating that lecture, discussion and audio tapes are
useful in conveying new information. Since auditory learners remember
75% of what they hear, members of this group would benefit from taping
activities and using those tapes to reinforce learning. Auditory learning is
followed by tactile perceptual preference in learning and retaining new
information. The data suggest that freshmen students would benefit from
audio presentations which are followed closely by or include "hands-on"
activities. In other words, discussion which includes models, drawings, task
performance and other tactile activities would be most beneficial to the
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majority of students. In radiography education, this information may be
useful to instructors who wish to modify their lesson plans to reach
maximum effectiveness. Instructors who conduct lecture as the primary
activity in the classroom could incorporate demonstrations (conducted by
the students), use of scientific models and human body phantoms (to be
handled by students), and offer tapes and CO's as study tools for individual
use.
The second research question asked, "What are the learning styles of
sophomore radiography students?" Sophomore students in this study
displayed similar preferences for highly structured activities with authority
figures present during learning sessions. The need for structure is an
indicator for the use of workbooks, lesson plans that follow a consistent
routine, PLS or programmed learning sequence projects and other highly
structured learning activities. When developing lab activities that require
independent activity, these learners prefer an authority figure maintain
some presence as a facilitator. These students prefer learning with peers in
activities scheduled during afternoon hours, and may be served well by labs
that incorporate group decision making, group film critique and group
experimentation. These students want mobility while learning and prefer
intake of food or beverages when concentrating. This group has an overall
perceptual preference for auditory learning, which supports the use of
lecture, audio-visuals, discussion and tape recording.
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Differences Between Radiography Students and General Population
The combined group frequencies provide an interesting look at the
radiography student population and demonstrate a difference from the
general population in learning preferences that should not be ignored by the
educator. In looking at the strong preferences (those with a score above 60)
of the entire group, 63% of students demonstrated a strong preference for
morning learning activities, while 41% strongly preferred afternoon
activities. These data support the implementation of morning lectures
followed by afternoon laboratory sessions, thus meeting the needs of the
majority of students. The group as a whole also strongly desired highly
structured learning activities involving peers, again supporting small group
lab activities which are carefully planned and structured with clearly
communicated objectives.
The implications of dominant perceptual learning differences are
significant in student success (Dunn & Griggs, 1998). Perceptual learning
strengths for the combined group of radiography students proved to be quite
different from the general population, 35% had a strong preference for
auditory learning methods, 28% had a strong need for tactile learning
methods, 8% were kinesthetic learners and 5% visual learners. The
perceptual learning styles of the general population are 30% auditory, 40%
visual, 15% tactile, and 15% kinesthetic (Dunn, 1999). It is the unique
characteristics of the larger group that may be most useful to the educator
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considering learning style principles in the broadest sense of
implementation. Considering these major departures from the norm, one
might argue that lecture, lab and clinical education, the cornerstones of
radiography education, are precisely the appropriate methods to develop
successful students. One might also consider the proportion of these three
methods within the curriculum and alter their use accordingly. These
findings may also provide some insight into the high attrition rates found in
most programs, since it has been previously reported that tactile and
kinesthetic learners are at the greatest risk for dropping out of formal
education and 35% of radiography students fall into that high risk category.
These findings may also account for difficulties experienced by students in
mastering the skill of film critique and developing competency in subject
matter that is heavily visual, since only 5% of the radiography students in
this study demonstrate strength in visual learning.
Accommodating students' learning-style preferences and strengths
through compatible instructional interventions results in increased
academic achievement (Griggs,l983). All of these preferences may be adapted
by the radiography educator in order to maximize learning opportunities.
Dunn, Dunn and Price (1989) write that students who are taught in methods
closely matching their learning style preferences have significantly higher
test scores. Suggested adaptations include lectures with multimedia
presentations that include sound and visual support, and radiographic lab
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activities which offer sequenced group interactions in both radiographic
positioning and technical experiments. The lab activities should be
structured with an instructor present at all times to facilitate learning, the
environment should be relaxed enough to allow for food and beverage
intake and mobility or movement throughout the designated session.
Learning Styles Insufficient Basis for Predictive Model
Finally, the third research question asked "Are there differences
between incoming freshmen and graduating sophomores?" Although slight
differences between the students exist, there are no statistically significant
discriminating functions. In other words, the learning style predictors in
this study were not useful in distinguishing one class from another or
predicting success in radiography education.
It is important to note that although these data do not lead to a

statistically valid predictive model, a subset of variables with the highest hitrate did emerge. That subset of variables gives a clear picture of the
radiography student population and provides some guidance for those
developing curriculum and designing course activities. The best subset
identified through this research included five learning style variables,
structure, peers, auditory, tactile and time of day. This suggests that the
population might be best served by learning activities that address the need
for well-defined course structure, peer interaction, auditory and tactile
presentation of new material and morning class times.
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The analysis of all possible combinations of variables also provided
information about a single variable with the greatest hit-rate or occurrence
in the population. The tactile perceptual variable emerged as the one single
trait most often found in the radiography population. Again, this suggests
for those wishing to accommodate learning styles of students or those facing
curriculum decisions, that the learning method most often preferred by the
target audience is tactile.
Limitations
Sample size is frequently a limitation in studies which may be applied
to a larger group. Although this sample exceeds the requirements for power
and statistical reliability, it is important to note that the sample represents
only five percent of the total radiography student population. Consideration
should be made to develop curricular adaptations for learning styles
targeting groups who have been assessed using the PEPS instrument, as
opposed to basing adaptations on the larger group characteristics reported.
Greater strength for this design would have been gained by following
a singular incoming class through the course of two years and documenting
the differences between those who completed the program and those who
did not. This study provides a snapshot of students as they exist at a single
point in time during their respective freshmen and sophomore years.
Practical Implications
Previous research has demonstrated that adaptations to learning styles
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has the greatest amount of gain in achievement for college students and
adult learners (Dunn and Griggs, 1999). Suggestions to improve radiography
education include increasing faculty awareness of learning styles principles,
assessing the learning styles of students, providing study prescriptions to
individuals, developing classroom adaptations to meet student needs, and
working with students to flex learning styles and develop skill in learning in
ways other than dominant styles.
Radiography education departments could offer workshops that begin
with the assessment of faculty learning styles to build awareness of learning
styles principles. Personal exploration of one's own style will deepen the
understanding of the general concepts and perhaps open discussion
regarding the connection between one's learning style and teaching style.
Faculty may also consider in-service education at the Learning Styles
Institute to gain first hand information regarding learning styles.
Next, it is recommended that radiography educators assess the
learning styles of all incoming students. Using the PEPS instrument, faculty
are able to quickly and efficiently learn about new learners entering the
classroom. This information provides insight into the needs of individual
learners that they may not otherwise be able to communicate. Further, this
assessment takes the guess work out of developing useful lesson plans by
providing a group profile of preferences.
Programs could then provide PEPS feedback to students and develop
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study prescriptions for individuals. Such study prescriptions would focus on
each learner's strengths and provide strategies that will utilize the learning
capability of the student. Study prescriptions should outline dominant styles
and the study habits that would capitalize on those strengths.
Next, instructors might consider the development of classroom
adaptations to meet the needs of the assessed student group. Does the group
require a less formal seating arrangement, more or less structure in the
curriculum or increased visual presentation? Many of these adaptations are
simple to make and offer students an environment that is uniquely theirs.
In radiography education, instructors might continue with lecture as the
entry point for new information and reinforce the lecture with tactual
materials such as phantoms and anatomy models. Further, instructors
should provide structured lab activities with small group interaction under
direct supervision. It is also important to maximize clinical education to
benefit the tactile/kinesthetic learners.
Lastly, the findings of this study and other studies of learning styles
suggest the value of working with students to flex learning styles and
develop skill in learning in ways other than their dominant styles. Students
should be made aware that their secondary perceptual style may serve to
boost learning power. In other words, students whose primary strength is
tactual and secondary strength is visual will benefit from activities where
they build a project that is visual in nature, or organize materials into a
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package that can be visually displayed. The combinations of strengths will
increase the performance in learning. Additionally, flexibility in learning
style helps to develop a more whole learner and provides students with
tools to accommodate future learning environments that are not learning
style adapted.
Since radiography faculty are often responsible for continuing
education of the professional workforce, this information may also prove
useful in developing plans for continuing studies. The learner
characteristics described in this study relate to a population that quickly
enters the job market after graduation. It seems logical that continuing
education programs might also be improved by focusing on the dominant
learning preferences of the radiographer. Continuing education planners
should focus on the design of educational opportunities that maximize
opportunities for lectures supported by tactual or "hands-on" lab-type
learning. Topics should be chosen carefully for their applicability to the
radiographers' daily tasks. Courses that allow for small group activities and
discussion should also be well received by learners.
Suggestions for further research
Now that baseline data regarding the learning characteristics of
radiography students has been introduced, an appropriate next step would be
to examine the effect of interventions and begin experimentation with
adaptations in curriculum and classroom instruction. Such research could
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take shape in replicating many of the experimental designs that explore the
use of learning style interventions in presenting material and reinforcing
learning in dominant learning modes. These studies could focus on the
adaptation's impact on retention, grades, graduation rates and success on the
registry examination. Additionally, a look at the impact of awareness of
learning styles and implementation by students with regard to personal
study habits would make fascinating study.
Other opportunities to explore learning relate to the study of
professors' learning styles and teaching styles. If one assumes that
instructors are teaching in their dominant perceptual modes, one might seek
to discover if those teaching styles are congruent with the student's needs.
Lastly, a longitudinal study which employs the design of following
one group of students through the entire curriculum to discover the
differences between those who complete programs and those who do not,
may yield valuable information.
Summary
Building awareness of learning styles on the part of both students and
instructors is one step toward improving the teaching and learning process.
Adapting the methods of teaching to the students' learning styles can be the
next significant step in that improvement process. As learning style
assessment methods are more widely implemented and adaptive teaching
methods are improved, the bond between the two should strengthen to
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benefit the students of the future. This study provides information which
could be helpful to radiography program directors and college administrators
in improving learning and ultimately increase retention. It has been
demonstrated in previous studies that most students who drop out of
traditional school settings have predominantly kinesthetic and tactile
preferences (Dryden and Vos, 1994). Since the dominant learning style
preferences of the radiography student population are reported to be 36%
tactile and kinesthetic, there are many students who may be academically
"at-risk." The dominant perceptual preferences of radiography students are
35% auditory, 28% tactile, 8% kinesthetic and 5% visual, as compared with
the general population which is 30% auditory, 40% visual, 15% tactile, and
15% kinesthetic. Accommodating the learning preferences of students is one
way to improve learning without compromise to teaching or evaluation and
may ultimately improve retention.
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