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Teaching methods that are effective with some students, fail with other students, 

because students perceive and process information differently. The personal preference 

by which one perceives and processes new material is called one's learning style. Using 

the Dunn and Dunn Learning Style Inventory assessment instrument, the learning style 

perceptual preference of 262 seventh grade students from a large, urban, middle school in 

southeast Florida were identified. This research investigated the effects of teaching 

mathematics to the perceived perceptual preference of these students in terms of 

academic achievement. 

Four teachers were trained in the Dunn and Dunn learning style teaching model to 

acquaint them with the experimental treatment used in this study. A pretest-posttest 

design was used to observe the mean gain in achievement scores on a 25-element 

assessment between students taught using a traditional teaching format and those taught 
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in the learning style treatment approach. All students in the experimental group were first 

introduced to new mathematics material with a global story and taught in their primary 

learning style perceptual preference: (a) auditory, (b) tactile, (c) kinesthetic, or (d) visual. 

The material was reinforced through their secondary preference and a creative, student

constructed project was shared with the classmates. Several two-way factorial analyses 

of variance were used to study the treatment effect on the dependent variable. Neither the 

main effect for treatment nor the interactions between treatment and demographic 

variables (race, gender, learning styles) were significant at the .05 level. Within the 

context of this study, teaching through a student's perceptual learning style preference 

does not appear to be significantly more effective than teaching in a traditional manner. 
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Introduction and Problem 

Background of the study. 

Chapter I 

Conventional American schooling allows some students to flourish while 

inhibiting the achievement of others (Dunn & Dunn, 1993). This dichotomy in education 

has been pondered by many in the field of education. Although many different areas of 

need have been addressed in studies, much research has been conducted in the 

relationship between learning styles and student academic achievement (Beaudry, Dunn 

& Klavis, 1989). This research indicates that when students are taught through their 

identified learning style preferences, increased academic achievement is observed. 

The need for academic improvement is strikingly apparent in mathematics due to 

a changing job market with a demand for students proficient in upper level mathematics 

(Barth, 1997). American students fall short of making the grade in this area as indicated 

in international comparative studies. These studies have triggered a thrust in an 

educational reform movement in mathematics. The Second International Mathematics 

Study (SIMS) {Travers, 1985) found American eighth grade students below the 25th 

percentile in geometry and measurement assessment. In this area, Japanese students 

scored highest among the 20 participating countries. Another study, sponsored by the 

Educational Testing Services (1989), entitled An International Assessment of 

Mathematics and Science, reported that American seventh grade students scored last in 

mathematics assessment. In this area, students from the Republic of Korea achieved the 

highest scores. Studies carried out by Berliner and Biddle (1995) indicate that algebra and 



geometry are offered to American students at a later age than in Japan and Korea and that 

this contributes to the poorer test results. 

In May of 1997, 300 educators gathered in Washington, D.C. to discuss 

expanding algebraic thinking in all grades and to consider ramifications of mandatory 

algebra courses for high school graduation criteria. This symposium, sponsored by the 

National Council of Teachers ofMathematics (NCTM) and the Mathematical Sciences 

Education Board of the National Research Council with a grant from the National 

Science Foundation, was intended to plant a seed for a nationwide endorsement of 

algebra studies for all students (National Council of Teachers ofMathematics, 1997). 

Historically, only college-intended students took algebra. It was discussed that the 

mandate of an algebra course would improve logical and sequential thinking for students 

which would in tum be reflected in a rise in standardized mathematics test scores. 

Ernest Boyer, in his book High School (1983), relates the study of mathematics in 

schools during the 70s and 80s to the need for radical change in the way the material is 

presented. At Rosemont High School in the northeast, Boyer noticed many types of 

teachers with many different styles, but unified in their focus to presenting material in a 

motivational, non-traditional style. All the teachers used an innovative curriculum and 

each demanded creativity and individual participation from their students. He also 

recommended, in his book, a formal assessment during the last year in middle school. He 

believes weaknesses should be identified and students should be given help and support 

during that final middle school year and summer. All students should develop the ability 

to identify practical problems, systematically process them and find appropriate solutions. 

His research findings consistently showed that when the teacher demanded creativity and 
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engaged the students in personally constructed strategies, the students were excited about 

the material and effectively learned the concepts. 

Another approach for improvement in mathematics rests with the techniques used 

in the delivery of the information. Historically, teachers validate analytical-learners, by 

presenting material in a lecture format using a step-wise approach. These students 

perceive information abstractly and process it reflectively. Unfortunately, only 30% of 

school aged children learn in this method which validates perceiving information 

abstractly and processing reflectively (McCarthy, 1980). Many students struggle in 

classrooms where teachers present material in a style which is incongruous to the 

students' learning styles. This conflict of incongruity between the way one learns and the 

method of presentation has gained much attention in the educational setting, since about 

70% of all students in our nation's schools today learn in styles that are not being 

addressed. 

Gardner (1971) proposed a theory of multiple intelligences. He believes that there 

are seven plus one and one half types of human intelligences which are used to different 

degrees by each person. Although everyone possesses all of these intelligences, some 

emerge at greater degrees at different ages. The original seven intelligences included (a) 

linguistic, (b) logical-mathematical, (c) bodily-kinesthetic, (d) visual-spatial, (e) musical, 

(f) interpersonal, and (g) intrapersonal. The one and one half intelligences, environmental 

and existentialism, are the result of two new areas of intelligences added by Gardner. He 

humorously refers to a new total of "eight and a half' intelligences. The dominance in 

certain intelligences can be altered through time with practice and effort. The theory of 

multiple intelligences proposes how to initially interest students in learning by motivating 

through personal interest and talents. Learning styles are different from multiple 
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intelligences in that they show how environmental and physiological elements can be 

manipulated to bring about a comfort level for the student which will encourage 

maintained interest in the subject or topic. While the multiple intelligence theory uses 

personal interests, such as music, to spark the student's interest in an academic topic, the 

learning style theory uses a comfortable method of presentation of an academic topic to 

gain and maintain the student's interest and bring about achievement. Gardner broadens 

our definition of learning styles by recognizing the importance of varying the methods of 

delivery to bring about optimum conditions for learning. Through this variety of learning 

approaches, he personalizes education. 

Both the National Association of Secondary School Principals and the 

Association for Supervision and Curriculum Development have established networks of 

university and school practitioners to use the concept of individual learning style 

strengths to bring about needed reform in schools today. These two prominent 

organizations have documented that when students are taught in their identified learning 

style preferences they showed improved attitude towards instruction, a drastic drop in 

behavioral problems and a significant improvement in academic achievement (National 

Association of Secondary School Principals, 1989). 

Statement of the problem. 

The average college graduate today earns twice as much as a high school graduate 

and three times as much as a high school dropout (Olson, 1997). As these statistics 

indicate, it is imperative that students be encouraged to stay in school. Yet according to 

Olson, students view schools as places where pressures, stress and failure flourish. 

Success must be made unavoidable for students in order to encourage them to remain in 

school. Student academic achievement fosters a love for learning and education. 
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One of the ways to bring about an improvement in academic achievement is for 

schools to educate their teachers in using methods which enhance child processing and 

perceiving of information. It is imperative that teachers be trained to reach students 

through the students' learning styles. When we teach in a manner that interferes with the 

students' personal dominant learning mode, we force them to learn in a way which 

impedes their learning. This requires them to demonstrate their learning in a way which 

does not utilize their cognitive strengths. This in tum, brings about stress, a reduction in 

motivation and a depression in measured academic achievement results (Cropper, 1994). 

The importance ofthis approach becomes even more apparent as one examines 

the world today, noticing the advancement oftechnology and the explosion of knowledge 

that has occurred over the past two decades. Our students are programmed by the media 

to active learning using a variety of modalities to assure the processing of information. 

Yet, in our schools we continue to teach to rows of desks by lecture-delivered instruction. 

Teaching techniques must change to meet the needs of the students. 

Purpose of the study. 

The purpose of this research is to determine the correlation between academic 

achievement in mathematics of seventh grade students who have been taught using 

techniques and equipment which compliment their preferred perceptual preference in 

learning style and students taught using a traditional lecture-textbook approach. A 

variety of studies in over 60 universities have validated dramatic improvement in student 

achievement when using various aspects of learning style approaches (Beaudry et al., 

1989). Klavis (1994) found significant improvement in achievement test scores, student 

behavior and student attitude when a learning style program was implemented at 

Brightwood Elementary in Greensboro, North Carolina. 
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Learning styles research is of particular interest to middle school educators. Upon 

entering middle school, students must make a difficult transition from elementary to 

secondary education. They encounter teachers of various teaching styles and for some of 

the students the textbooks have reading levels above their own reading level ability 

during a crucial time in their learning careers. 

Addressing learning styles in the classroom affects other aspects of the student's 

educational experiences also. Using appropriate techniques to address differences in 

perceiving and processing information through teaching strategies which are sequenced to 

respond to the student's learning style preferences improves the student's self-esteem and 

allows him/her to learn in a manner that is comfortable (Lemmon, 1985). Matching 

instruction to each student's uniqueness is not happening in all classrooms. Educators 

identify problems of student behavior, class size, class interruptions, student's lack of 

commitment and lack of teacher preparation time as obstacles to succeeding in planning 

and designing appropriate lessons. Yet as stated by Marshall (1990), when lessons are 

presented using appropriate strategies to meet the perceptual needs of the students, the 

classroom becomes a psychologically safe environment promoting active learning, 

mutual understanding and respect. 

Significance of the study. 

This study is significant because it addresses student academic success. It can 

serve as an additional resource to the wealth of research which has been conducted in 

learning styles. The instituting of a learning styles approach in schools could bring about 

immeasurable student success during severe budget restraints and public apathy. School 

centers can adapt to a pro-learning styles approach through a well planned staff 
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development program. Teachers can be trained to interpret their students' learning style 

assessments and utilize the information to maximize the effect of well-prepared lessons. 

Today's classrooms are heterogeneous groupings of children with tremendous 

differences in ability levels. Many effective teachers adjust their instruction to effectively 

reach and accommodate the students within their classrooms. They believe that 

unsuccessful students are students whose only problem is that their learning preference is 

different from the teacher's presentation (Gregorc, 1979). At risk students and low 

comprehension readers are two groups of students who have proven to be consistently 

unsuccessful in the traditional classroom. O'Neil (1990) refers to work done by Carbo, 

Director ofResearch and Staff Development for Learning Research Associates. She 

found that dropouts of the system have styles that are severely mismatched to approaches 

used in schools. These students generally need soft lighting, informal design, working 

with a peer, and movement. In regards to reading, Carbo (1990) states that we need to 

change the way reading is being taught in the classroom. American students don't read 

because they associate reading with pain. However, when reading styles of poor readers 

have been matched to teaching styles, gains in comprehension occurs as much as ten 

times that of former progress within a school year (Carbo, 1987). 

The renewal of interest in the inclusion movement enhances the heterogeneity of 

the classroom. Many students have modifications in their Individual Education Plans 

(IEP) which are best met by teachers who are knowledgeable in using a wide variety of 

teaching modalities. Marshall (1990) states that students who do not learn quickly or 

easily have the greatest need for classroom conditions which support and value the 

different ways children learn. Learning styles can help us in a practical way to value 

diversity. 
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It is important to recognize and assess each student's learning style. By 

accommodating the unique learning styles of students, we teach them in ways which 

reflect their strengths. Students feel comfortable in a nurturing environment which 

provides a comfort level for learning. When students are acquainted with their preferred 

learning style, they can be taught to assimilate when in situations of learning incongruent 

to their own preferences. This metacognition further enables them to notice in others 

diversity in learning and enables them to experiment within their areas of non-preference. 

Relevance of this research extends beyond the classroom. The way we perceive 

and process information is present in all avenues of one's life. Versed in learning styles 

allows one to have self-actualization and better understand themselves in all 

environments that involve learning new concepts. 

Research questions. 

Questions investigated will relate to the direct relationship between learning style 

and academic achievement. 

1. Do the students need to be taught in their preferred style to encounter academic 

success? Research supports the extreme importance of a highly correlated 

learning style to material presentation for the low achiever (Bauer, 1987). 

2. Will there be a significant difference in the gains of the students taught in the 

experimental group as compared to those in the traditional classroom? 

3. Will there be a significant distinction in the statistical significance between 

genders or among races in regard to academic achievement in the two groups? In 

1993, Dunn found that different ethnic groups do learn differently from each other 

in general. However, there is great diversity within the group. 
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4. Is there an interaction between the effectiveness of the treatment and the 

preferred perceptual preference. Since traditional teaching compliments auditory 

and tactile learning preferences, it will be interesting to note if all four preferences 

are affected equally. 

These questions give direction to this research. However, as with all research, 

unexpected findings offer tremendous opportunities to the research community. 

Additional outcomes will further merit the importance of this study to education. 

Hypotheses. 

1. There is no interaction between the treatment and gender on the math integer test 

gain score. 

2. There is no interaction between the treatment and race on the math integer test 

gam score. 

3. There is no interaction between the treatment and the preferred perceptual 

preference in learning style on the math integer test gain score. 

4. There is no significant difference in the mean gain scores on the mathematics 

integer test score between students taught in their preferred perceptual preference 

in learning style and students taught in a traditional format. 

Limitations. 

As with all designs, sources of error do exist. This research took place over a 

three-week span of time. During this time the students in the experimental group had to 

learn how to use the numerous learning style apparati as well as master the mathematical 

concept of integers. The control group only had to concentrate on the mathematical 

concepts. 
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Students who had undergone schedule changes or entered or left during the 

research were eliminated from the study. Although the format for each group was 

predetermined and the teachers were trained, there always exists room for teacher effect. 

Students with equally strong preferences in two or more styles were randomly assigned to 

the initial learning styles group in the experimental classroom. Testing conditions were 

controlled as much as possible, but control of student discussion concerning classroom 

activities is impossible when using middle school subjects. 

Research design. 

Seventh grade mathematics classes from an urban middle school in Palm Beach 

County, Florida were randomly assigned to either the control or experimental group. The 

Dunn and Dunn Model (Dunn, 1986) was used as the educational approach in the 

experimental group. Four teachers were trained to use a learning styles approach in the 

teaching of mathematics. All students were administered the Learning Style Inventory 

assessment and the experimental group was given information and background about 

learning styles. Students were introduced to new material through their learning style 

perceptual preference. The material was then reinforced through their secondary and 

tertiary preferred perceptual learning style. Students were then asked to construct a 

creative project and present it to at least one other classmate. The classroom procedure 

was conducted over a three-week period oftime during the first academic semester. 

The pretest and posttest data of both groups were statistically analyzed using 

several two-way analysis of variance to answer the research questions and test the null 

hypotheses presented in the preceding section. 

Definition of terms. 

The following terms are defined for the purpose of this study: 
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GAIN SCORE: The pretest mean subtracted from the posttest mean. 

LEARNING STYLE (LS): The way in which each person begins to concentrate on, 

process and retain new and difficult information (Dunn & Dunn, 1993). 

PERCEPTUAL PREFERENCE: The preferred learning modality of an individual as 

indicated through a learning style assessment. The four identified modalities are visual, 

auditory, tactile or kinesthetic (Dunn & Dunn, 1993). 

LEARNING STYLE ASSESSMENT or LEARNING STYLE INVENTORY(LSI): An 

instrument which obtains reliable and valid data identifying the conditions under which 

each person is most likely to perceive, process and retain difficult academic information 

(Dunn & Dunn, 1993). 

AUDITORY L.S. PREFERENCE: Auditory learners remember 75% of what they hear in 

a normal40 or 50 minute lecture. Approximately 30% of the school aged population is 

auditory. These students should listen to tapes or lecture prior to reading text (Dunn & 

Dunn, 1993). 

VISUAL L.S. PREFERENCE: Visual learners remember 75% ofwhat they read or see. 

Approximately 40% of the population is visual. These students should read new material 

prior to classroom presentation (Dunn & Dunn, 1993). 

TACTILE L.S. PREFERENCE: Tactile learners remember what they write or what they 

draw. Tactile learners should use hands-on materials prior to reading text. Most young 

children are either tactile or kinesthetic learners (Dunn & Dunn, 1993). 

KINESTHETIC L.S. PREFERENCE: Kinesthetic learners must be actively involved in 

their learning. Most young children are either tactile or kinesthetic learners. Kinesthetic 

learners should walk while reading or use a whole body approach when 

introduced to new material (Dunn & Dunn, 1993). 
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CONTRACT ACTIVITY PACKAGE (CAP): An independent resource that allows the 

student to pace themselves as quickly or as slowly as they are able to master the material. 

The resource contains specific objectives and a choice of media resources through which 

they may learn (Dunn & Dunn, 1993). 

PROGRAMMED LEARNING SEQUENCE (PLS): A stepwise program presenting one 

item at a time. The student proceeds to the next item upon mastery of the previous 

material, as demonstrated through a short quiz. It is generally used independently or with 

one other peer (Dunn & Dunn, 1993). 

Organization of study. 

This study is laid out in five chapters. Chapter I presents the introduction, the 

problem and general information about the study. Through the background information, 

an understanding of learning styles and their importance to the educational setting is 

discussed. Chapter II contains a review of related literature and an attempt to highlight 

pertinent studies which address the impact of learning styles on student academic 

achievement. It is followed by Chapter III which describes the design of the study, 

instrumentation and employed statistical methods. The final two chapters, IV and V, 

analyze the collected data in respect to the research questions and null hypotheses tested. 

The data is presented in Chapter IV with a summary of the findings, conclusions and 

recommendations in Chapter V. 
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Chapter II 

Review of Related Literature 

In the late 1960s, the term "learning style" was first used by the Dunns to describe 

the individual differences that existed among students in the way that they learned (Dunn 

& Dunn, 1993). Since then, more than 90 institutions throughout the world have 

conducted research on this theory with an emphasis on the kindergarten through high 

school years. Hoping to unlock the door to learning disabilities, disinterest in school and 

poor comprehension of subject material, the ramifications and applications of the learning 

style theory gained wide popularity. 

Never does the need for change in education appear greater than in mathematics 

classes today. With scores on the National Assessment of Educational Progress showing 

only a slight improvement in mathematics since the early 1970s (Olson, 1997), the 

linking of a child's learning style to the grasping ofnew and challenging mathematic 

concepts presents an interesting combination. 

This combination is only possible through the prior assessment of the student's 

learning style with an instrument that accurately measures the category of learning style 

which is being utilized. In this chapter the researcher focuses on the present status of 

mathematics in American schools today, various meanings of learning styles, and the 

need for an instrument which assesses the information pertinent to the need of the 

intended research. These three important concepts, when used together, present 

interesting possibilities to the educational world. 
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Mathematics education. 

Local, state and national boards of education control the educational policy in the 

United States. The National Science Foundation (NSF) in 1996 found that curriculum is 

less centralized in the United States than in any other country that took part in the Study 

ofMathematics and Science Opportunities (SMSO). In other countries such as France, 

Japan, Norway and Spain, centralized government agencies develop and control the 

curriculum nationwide. Without a national curriculum, there is no uniform guide for the 

delivery, sequencing and grade-level determinations of educational material. Teaching 

certification varies from state to state and funding for education comes from a variety of 

sources, such as: (a) property taxes, (b) sales taxes, (c) lotteries, and (d) income taxes. As 

a result, each of the 50 states can establish their own curriculum rules, graduation 

requirements, funding guidelines and laws. 

Although each state can set up a distinct education plan, many similarities do 

exist. This is especially true in subjects that are textbook driven, such as mathematics. 

Another aspect which tends to unify mathematics is standardized testing. Nationally 

normed tests given in set grades tend to facilitate the sequencing and timing of algebra I, 

algebra II, and geometry courses. Likewise state-made tests used in states other than that 

of their origin in the lower grades help to mandate the teaching of particular math 

concepts during certain grades. It is this stage of both diversity and similarity that 

educational reforms in mathematics must take place (Ferrini-Mandy & Johnson, 1996). 

From the 1950s into the 1960s "drill and practice" was the characteristic 

mathematics style used in America's schools (Becker, 1996). The "New Math" of the 

1960s brought with it a new concept of mathematical thinking. The emergence into the 

"Back to Basics" movement following the ''New Math" decade, Becker believed to be a 
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tremendous setback in U.S. mathematics education. In response to this, in 1977 the 

National Council of Supervisors ofMathematics suggested that problem solving be a 

main reason for the studying of mathematics. Soon after that the National Council of 

Teachers ofMathematics (NCTM) distributed An Agenda for Action (1980) 

recommending that problem solving be the focus of mathematics in the 1980s. 

This NCTM claim gained much attention (1980). Recognized as the most 

prominent professional organization for mathematics educators, the NCTM stands 100 

thousand members strong. Reform efforts in K-12 mathematics has been prompted by 

standards set by this organization. Many educators have debated the purpose of these 

standards. Some site them as being an attempt to serve as a national curriculum in 

mathematics education for grades K-12. Ball (1992) observed that the standards are 

intended to direct rather than determine practices and to guide teaching. These standards 

set by NCTM were merely to provide a way to direct change. 

As the changes in mathematics began in the 1980s, many problems in 

education began to surface. The concept of one way of solving problems to arrive at one 

and only one answer now appears ludicrous. The memorization of math facts by teacher 

demand also appeared to be an improper practice. Other problems were identified which 

referenced math as being a solitary activity with little connection to the "real world" 

(Becher, 1996). 

Most mathematicians, school districts and curriculum advisors believe this 

connection can be achieved by teaching students to problem solve. Thus the 90s brought 

into mathematics a thrust into "real life' situations involving problem-solving strategies. 

This can be evidenced in textbooks and workbooks. However, the term problem solving 
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has taken on different meanings to different educators and has been emphasized in 

different ways (Schoenfeld, 1987). 

Schoenfeld (1987) expresses this well: 

Despite some serious effort, much of the problem-solving movement 
is largely superficial. For many, including the developers of 
mainstream textbook series, problem solving has been taken to mean 
adding a few trivial (and often one step) word problems to the 
curriculum .. . For others, it has meant studying a few easy problem
solving techniques in isolation, for example looking for patterns. (p. 
40) 

There were two distinct patterns that emerged in the six countries that were 

studied in the SMSO project. Particular topics in mathematics are emphasized in certain 

grade levels and are then sustained over several years. In contrast, a spiral curriculum is 

used in some countries with the same curricula repeated without strong emphasis at any 

point. In the United States many topics are covered in a given year and repeated at 

subsequent grade levels (National Science Foundation, 1996). The SMSO shows that the 

different countries devote different amounts of time to the various topics, vary as to the 

grades in which they are taught and vary as to the complexity that is emphasized. 

Mathematics is truly a text-driven course. This feature contributes to the scope 

and sequence of the curriculum. Japanese mathematics introduces algebra topics to 

students at the age of eight. Topics in general are introduced and completed in a two-year 

span oftime in Japanese math classes. Whereas in the United States, topics are repeated 

over a period of several grades. The Japanese believe that a deeper understanding is 

developed if fewer topics are studied in greater depth. 

SMSO observations suggest that the culture of the country greatly influences the 

mathematics classroom. Differences in class size, teacher roles, in-class assignments and 

16 



homework had a great influence on classes. American teachers tend to lead teacher

directed classrooms with an emphasis on definitions and vocabulary (National Science 

Foundation, 1996). The students' and teachers' viewpoints, tolerances and experiences 

also contribute to the classroom climate. 

The constant attention drawn to mathematics in the United States and its tendency 

to be a traditionally taught subject make it an interesting one in which to carry out 

research. Studies involving deviations from traditional theories lend themselves to 

excitement and interest to mathematics educators. 

Learning style theories. 

In generic terms, learning style is the way people absorb, process and retain 

information. Experts in the area of learning styles do not agree on the process in which 

people learn new material. Each approach presents different points of view contributing 

to a number ofprofessional theories. The universal belief seems to be that the perceiving 

and processing preference of each individual forms a uniqueness for a particular learning 

style which provides a comfortable way for the individual to learn. 

Jung (1976) developed one of the most comprehensive theories to explain human 

personality. He presented four different categories of mental processing: sensing versus 

intuition and thinking versus feeling. Jung also proposed four types of judging and 

perceiving attitudes; judgment versus perception and extrovert versus introvert. Each of 

these categories are used by everyone, but they are not equally preferred and developed. 

A person develops expertise and preference for the processes through practice which 

leads to characteristic habits, attitudes and traits of sixteen types of personalities. 

Teaching styles are also a result of Jung's personality types (1976). Introvert 

teachers structure activities and seldom gives students choices. Centralization of control 
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and equipment with little free movement is characteristic of the sensing teacher. Feeling 

teachers tend to focus students more often while offering praise, criticism and support 

more freely than the thinking teachers. Personality types are also exhibited in classroom 

order, noise and movement. The four components making up the personality types have 

strong implications for the way we learn (Laurence, 1979). The preference for sensing 

versus intuition reveals one's basic learning style. Reading as it is presently taught is 

presented in a style conducive to introverts. Hence, many of our extroverts are poor 

readers and quite often act out in class. 

The research ofFitzgibbon, Heywood and Cameron (1991) demonstrated that 

learning styles did not have to be matched to teaching style, but rather that there was a 

need for variety in instruction. This theory was also in the findings of McCarthy in 1980. 

She trains teachers to divide the classroom time evenly between four different learning 

style patterns. This variety gives each student an equal opportunity to experience a 

comfortable learning style for at least one fourth of each class. 

Kolb's (1971) work provided the theoretical base for McCarthy's 4 Mat system 

(1990). Kolb believes that there are two major processes to learning, perceiving and 

processing. Information presented is perceived and processed in different ways by 

individuals. Students who perceive material through their senses, use their feelings to 

connect their experiences to meaning. This method of perceiving information, Kolb calls 

Concrete Experience. In contrast, Abstract Conceptulizers think through their 

experiences. In terms of processing, students are on a continuum between Active 

Experimentation and Reflective Observation. The combination of these two dimensions 

of perceiving and processing information and the continuum of each reflected in the 

student composes the first aspect of the student's learning style, as defined by Kolb. 
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Learning is a complicated series of perceiving, processing and remembering information. 

Each person proceeds through these events in a personally prescribed manner. The way 

an individual takes in new information, processes and retains it is called their learning 

style. His interpretation is that although a learning style may be preferred, others are 

always present. 

Kolb (1971) categorizes learning styles into four dominant types: (a) converger, 

(b) diverger, (c) assimilators, and (d) accomadators. The converger's dominant learning 

ability is abstract conceptualization and active experimentation. They can take ideas and 

fmd many practical applications. The diverger is in direct opposition to the converger. 

They are best at concrete experiences and reflective observation. Divergers have 

extensive imaginative abilities and enjoy viewing concrete experiences from a variety of 

perspectives. The third type, the assimilators, conceptualize abstractly and observe 

reflectively. They tend to create theoretical models. The accomadators, the final type, 

like to be active in carrying out experiments and being involved. Kolb recognizes that 

people do possess abilities in all four types, but it is the dominance of one type over 

another that determines a preference for that style. 

McCarthy's system called 4 Mat has two major premises (McCarthy, 1990). The 

first is that people have major learning styles and hemispheric processing preferences. 

The second is that the designing and usage of multiple instructional strategies which 

teach to these preferences can improve both teaching and learning. 

McCarthy (1990) believes that people perceive information on a continuum 

between total sensing or feeling and thinking or analyzing; concrete perception to abstract 

perception. Those who allow feelings to be important immerse themselves directly into 

the information and experience it in a concrete mode. On the other hand, those who think 
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through their experiences address reality abstractly. They use a logical approach. People 

are not one or the other but merely composites of the two to different degrees. 

Once perceived, processing of information is also on a continuum 

between those who get involved and act immediately and those who watch and draw 

meaning from the information. This bipolar continuum of active to reflexive determines 

the second combination of individual traits to define ones learning style. 

The two bipolar continuums of concrete to abstract and active to reflective are 

juxtaposed to create a four quadrant model. Each quadrant delineates one of four major 

learning styles: (a) imaginative learners, (b) analytic learners, (c) common sense learners, 

and (d) dynamic learners. As in other models, people show stronger preferences for one 

type over another, but the other styles are also present. 

Gregorc (1985) believes that individuals use mental processes to make sense of 

their surroundings which brings about an innate order to the world around them. This 

perception and ordering occurs in one of four modalities: (a) concrete sequential, (b) 

abstract sequential, (c) concrete random and (d) abstract random. He terms these 

modalities mediation channels. Gregorc believes that everyone has a basic amount of 

each of these four types of styles and then are predisposed to function better in one or two 

of them. 

One criticism of the research involving learning styles is that most has been 

conducted by graduate students preparing for their PhD under the auspices of faculty 

members with vested interests (Curry, 1990). Dunn (1990) looks at this quite differently. 

She says that doctoral dissertation research can be well-designed with a team of experts 

analyzing the study rather than individuals or pairs of authors who do not have an 

understanding of multiple research strategies. St. John's University has been a forerunner 
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in experimental research involving learning styles and in training many educators to the 

proper use of learning style assessment and employment of effective teaching strategies. 

Dunn, Dunn and Price (1989) demonstrated that when students were taught with 

approaches that matched their learning preferences, they demonstrated statistically higher 

achievement and attitude test scores. In 1986, the Brightwood Elementary School in 

Greensboro, North Carolina rose from the 13th percentile to the 40th percentile in one 

year on the California Achievement Test, followed consecutively by scores in the 75th 

and 83rd percentile. Between those four years the only change was to introduce learning 

styles. 

Another example took place at Corsicana High School in Corsicana, Texas 

(Orsak, 1990). Teachers used the students' learning styles strengths to help students pass 

the statewide math TEAMS test. These students had failed the test three times. The test 

is a minimum skills test in reading, writing and math. The 34 at-risk students were 

placed into one of two reading and math improvement classes. Many tactile and 

kinesthetic activities were designed to cater to the large percentage of students with 

tactile and kinesthetic strong preferences. All students were introduced to the material in 

their strongest preference style and reinforced through their secondary or tertiary 

preference. The entire 34 students passed the test. 

Throughout the literature a repetitive finding is that students taught in their 

preferred learning style have a reduction in the stress level normally associated with 

learning when taught in other modes. 

Glaser (1977) stated from a strong positive position: "The traditional 
formulations of the nature of individual differences in learning and the 
traditional modes of education fail to provide enough freedom for the exercise of 
individual talents. We admire individual performance, but we must do more than 
merely stand in admiration: We must design the effective conditions under which 
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individuals are provided with the opportunities and rewards to perform at their 
best and in their way." (p. 324) 

Learning style assessment instruments. 

The study of learning styles became a hot topic in the 70s and 80s. As with many 

educational practices, there was a period of intense interest followed by a lag of interest. 

One of the problems stemmed from confusion in choosing a learning style assessment 

tool. Not all theorists view learning styles in the same terms; thus this creates a number of 

different methods for assessment. Some are multidimensional, encompassing cognitive, 

affective and psychological aspects while others limit themselves to the tracking of a 

single variable. 

Kolb's Learning Style Inventory (1985) is a nine-item assessment placing people 

into one of four dominant types of learner: (a) converger, (b) diverger, (c) assimilator, and 

(d) accommodator. Kolb draws his ideas from his belief that all people sense and feel, 

absorb and think, experiment and act. Four different variations of the Kolb model are in 

use today and are used with adult subjects. His model and instrument were designed for 

adult, organizational, management training. The basis of the instrument is the translation 

of adult experience into concepts, which in tum are used as a reflection of the person's 

expected behavior to a new experience. 

The Gregorc Style Delineator suggests that individuals learn in combinations of 

dualities: (a) specifically, (b) perception, and (c) ordering. Abstract, concrete, random 

and sequential preferences combine into several styles according to Gregorc (1979). The 

instrument uses a ranking system of four words in each of ten sets. Through these 

rankings, clues are given to discern the four distinct learning patterns. Most people 

exhibit an inclination towards one or two of these emerging patterns. The four categories 

of concrete sequential, concrete random, abstract sequential and abstract random learners 
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are the divisions which the Gregor Style Delineator addresses. This assessment 

instrument is similar to Kolb's and is also used with adults. 

McCarthy (1980) also clusters learning styles into four categories which she 

delineates the 4 Mat-System. She believes that the classroom time frame should be 

equally divided between these four styles while Kolb (1971) believes that the child 

should be taught through their own learning style. Gregorc (1979) lies between the two 

in his belief that material should be taught through the appropriate learning style, but the 

child should be exposed to other styles as well to build those areas of weakness. 

The 4 Mat-System proposes a spiral process of full-circle learning, with one 

fourth of the classtime spent in each learning style. McCarthy (1980) believes students 

should be taught in their learning style strength 25% of the time and be challenged the 

other 75% of the time. Hence the assessmental outcome does not alter the pattern of 

instruction, because all students receive the same instruction in exactly the same pattern 

for the same amount of time. 

Charles Letteri (1980) viewed several assessment instruments and rewrote the 

items from the established instruments into an all-inclusive combined assessment. Placed 

on a bipolar continuum, Letteri recognizes six phases of information processing. Failure 

to process information at any of the phases is a conflict in cognitive skill ability. These 

skills, he feels, can be acquired and taught. His instrument, a Cognitive Style Delineator, 

diagnoses seven different cognitive dimensions on a bipolar continuum, with extremes of 

highly analytical and highly global. 

The continuum identifies learners as Type 1, Type 2 and Type 3. This composite 

cognitive profile is believed to significantly separate and predict high academic 

performers from low academic performers. The purpose of this delineator is to identify 
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Type 3 and Type 2 Learners and provide instruction and opportunity to turn them into a 

Type 1 Learner. Thus, he advocates a clinical approach by training to change a student's 

learning profile. 

The four assessment tools addressed above take many learning styles preferences 

and cluster them in such a way as to categorize people into learning group categories. 

For the purpose of this research an instrument which recognizes learning style elements 

separately was needed. The Dunn and Dunn Learning Style Inventory (LSI) (Dunn et al., 

1989) addresses the four perceptual learning styles as a separate entity, not a bipolar 

continuum. 

The Dunn and Dunn Inventory (Dunn et al. , 1989) contains 21 subcategories from 

five stimuli groups: (a) environmental, (b) emotional, (c) sociological, (d) physiological, 

and (e) psychological. The 21 subcategories, known as elements, do not impact equally 

on all people. Those elements showing a strong effect are termed as strong preferences 

while those with less influence, but still important, are called preferences. This 

multidimensional approach uses a diagnostic, prescriptive mode. The one hundred item 

assessment instrument takes approximately 30 minutes to administer. There exists 

different forms for specific grade or age levels. The form used in this research was 

designed for grades 3 through 12 (Dunn et a1.,1989). 

Extensive research using the LSI shows that it is the most widely documented 

assessment instrument (Beaudry et a1. ,1989). In 1987, Dr. Curry reported on 21 different 

learning-cognitive style models and reported that the Dunn and Dunn model had one of 

the highest reliability and validity ratings. Keefe (1982) identified the Dunn's model as 

being practioner oriented and the most widely used instrument in our nation's schools 

today. 
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Summary. 

The learning style movement, now 30 years old, still continues to be supported by 

educators. The concept of a comfort zone in learning new materials presented in a 

complimentary mode to the way one learns best presents itself as logical and valid. This 

practice becomes most needed in subjects that show significant shortcomings in 

achievement, such as mathematics. The selection of a valid and reliable learning style 

assessment instrument teamed together with a well-developed and practical learning style 

approach can bring about improvement in the academic achievement of mathematics 

students. 
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Chapter III 

Method 

The purpose of this study was to determine if students in middle school 

mathematics classes were presented with new material in their preferred perceptual 

learning style, reinforced through their secondary or tertiary styles and required to 

construct a creative project would show significant academic achievement above those 

taught in a traditional academic approach. The learning styles of all students were 

assessed using a learning styles assessment inventory. The four teachers were trained to 

teach using the same learning style approaches in the experimental groups and the same 

traditional method approach in the control groups. 

Subjects. 

The sample for this study were 262 seventh grade students from an urban middle 

school representing a micro-composite of the seventh grade population of the Palm Beach 

School District in Palm Beach County, Florida. This middle school is a large, urban, 

middle school with a racial balance of 86% Caucasian, 13% African-American and 1% 

other minority. Its socio-economic level ranges from poverty level to upper middle class. 

Of its students, 32% are on free or reduced price lunches and 97% of its students are 

bused daily. The seventh grade students are assigned to teachers randomly by computer 

generated class rosters. 

Students were divided randomly into 11 classes. Four classes made up 

the control group and seven classes made up the experimental group. Only mainstream 

students in regular and advanced placement classes were included in this study. All full

time special education seventh grade students were eliminated from the research because 

26 



their teachers have been trained to incorporate learning style strategies into their daily 

instruction. 

Teachers at this middle school have an average teaching experience of 14 years 

and have a racial make-up of 87% Caucasian, 12% African -American and 1% other 

minority. These statistics are reflected in the school's seventh grade teaching team, as 

well as throughout the Palm Beach School District. 

Instrument. 

There were two instruments used for evaluation purposes in this research. The 

first was a researcher-made pretest and posttest of 25 multiple choice questions. It was 

composed of 14, single-factual computation problems, 7 multiple-step computation 

problems, and 4 comprehensive word problems. In order to maintain validity, the 

questions were chosen directly from the classroom textbook and each was used in all four 

of the learning style preferences. It was administered the day before treatment and 

immediately following treatment in both groups. Both the control group and the 

experimental group were administered this same test on the same days. 

Choosing a valid instrument for the assessment of the students' learning style was 

important to the success of the research. In addition to the validity of the instrument is its 

ability to measure characteristics pertinent to the study. There exists several learning 

style assessment instruments. Most of these instruments categorize and classify learners 

into groups based on common patterns in processing information. Extensive research 

using Dunn's LSI has made it the most widely documented assessment instrument 

(Beaudry et al., 1989). Kirby (1979) stated that the Dunn's LSI has impressive reliability 

and face and construct validity. Dunn's LSI was identified as being practitioner oriented 

and the most widely used assessment in elementary and secondary schools. The Dunn and 
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Dunn model addresses 21 different learning preferences, resulting in an assessment which 

is individualized and unique to each student. The use of Dunn's LSI as the second 

instrument in this research was based on its ability to isolate perceptual preference with 

high reliability and validity. It enabled the researcher to concentrate solely on the 

perceptual preferences without the influence of other learning style preferences as factors 

in assessments which group subjects on a bipolar continuum. The instrument used to 

assess the students' learning styles was chosen based on its reliability and validity for the 

correct age group and educational setting. 

Students were prepared before taking the Learning Styles Inventory. Included in 

this preparation was teaching students that there are no right or wrong styles, but merely a 

preference to obtain, process and retain new information in a preferred manner. 

Inventories were administered. Results were interpreted with each student in the 

experimental group in order to facilitate the students' comprehension of their learning 

preference. Students in the experimental group were well versed in perceptual preferences 

which facilitated the movement between initial presentation of material and the 

reinforcement of the material in the second step of the process. 

Independent variables. 

The independent variables for the study were the instructional method used in the 

two groups and the students' individual learning style. 

Control Group - The instructional method for the control group consisted of the four 

teachers using the mathematics textbook in a page-by-page sequential order. One section 

was covered each day in a lecture format using the overhead projector for classroom 

examples. Publisher-made worksheets provided practice for each of the seven concepts: 
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(a) adding integers with the same signs, (b) adding integers with different signs, (c) 

subtracting integers, (d) addition ofword problems, (e) subtraction ofword problems, 

(f) multiplying integers, and (g) dividing integers. Homework was assigned daily from 

problems at the end of each section. 

Experimental Group - The instructional method for the experimental group began with a 

global story introduction. Each learner in the experimental group was taught through their 

strongest preference and reinforced through their second and third preferences. Auditory 

learners who learn new material best when they hear it, were taught by teacher 

explanation, audio cassettes, and Contract Activity Packages. Visual learners were asked 

to preread the material and used Program Learning Sequences. The tactile learners used 

task cards, puzzles, flip chutes, electroboards, and pic-a-holes in order to assimilate 

knowledge in their preference. Through these tactual resources students handled objects 

which allowed them to understand and learn the new material. Kinesthetic learners need 

whole body stimulation. These students learned through the use of floor games and 

whole-body movement word association. The culmination of this teaching approach was 

the presentation of student designed and constructed creative projects, which were shared 

with at least one other classmate. These creative learning activities were the result of a 

two-week long homework project. No other mathematics homework was assigned. This 

approach with the components of global introduction, teaching to the first, second and 

third perceptual preference and closing with a creative learning activity is the Dunn and 

Dunn Learning Style Model (Dunn & Dunn, 1993). 

Dependent variable. 

A pretest and posttest was taken by all students and a comparative analysis was 

made between groups to determine academic achievement gains. The differences in 
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scores generated by these tests determined the achievement gains between the control and 

experimental groups. Using the Learning Style Inventory scores, numerous subgroups 

(e.g., gender and race) within the experimental and control group were also analyzed in 

regards to achievement. Students from both groups used the same classroom facilities and 

the four teachers taught students in both the experimental and control group in order to 

reduce teacher effect. 

Treatment and procedure. 

The connection of learning styles to student achievement has been addressed in 

many research articles within the last 25 years. Yet, skepticism amongst educators 

continues to flourish. According to Curry (1990), three persuasive general problems 

exists in the use of learning style theory as an operational school tool. There exists a 

confusion in the definitions with little distinction made between style, strategy, and tactic. 

The second weakness lies in the reliability and validity of the measurements. And finally 

the third problem rests in the adaptations within the educational settings to be effective in 

interacting with a range of learning styles. These concerns initiated precautions to be 

considered in the procedure used in this research. 

Four seventh-grade mathematics teachers were chosen as the research classroom 

instructors. Criteria included willingness to get involved with the research, teaching 

schedules and student classification load. Students involved in special education 

mathematics classes were not considered due to exposure to learning styles used by the 

special education department at this middle school. 

The four mathematics teachers were administered a learning style assessment to 

determine their personal learning preferences. The assessments were reviewed and the 

teachers were taught how to interpret the scores and evaluations. This created a keen 
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interest in the study and developed a sense of personal value for the LSI. Two weeks of 

training and support was made available to the teachers in developing appropriate lesson 

plans and their implementation. The tactile, auditory and kinesthetic learning tools were 

made familiar to the teachers and the research methods used to infiltrate them into the 

classroom lesson was taught. 

Classes were randomly assigned to the control or experimental group for each of 

the four teachers. Attention was given to be sure that each teacher had classes in both 

groups. Each teacher prepared their students to take the LSI in order to assure that each 

child would take the assessment in a manner conducive to accurate results. Children 

discussed that one style was not better than another, but merely a preference that one has 

in studying in a particular way. 

Following the administration of the LSI, the experimental group results were 

reviewed by the teachers with the students. The concept of learning styles was discussed 

in great detail. The LSI results were used to classify all students as visual, kinesthetic, 

tactile or auditory for their first, second and third preferences. 

All students were administered the same pretest on the same day. The test 

included twenty five multiple choice format questions. Questions on the test were 

selected from the classroom textbook. The composition of the test included three types of 

questions as described earlier in Chapter three. 

The control group was taught using a traditional format approach. One section of 

the chapter was taught in a lecture modality using an overhead projector for sample 

problems. Students were given assignments of assorted problems which they were to 

begin in class and finish for homework. The next day the homework was reviewed and 

questions were answered. Students then began a publisher-made worksheet and were told 
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to complete it for homework. This procedure continued for the three-week research time 

span. 

In the experimental group the Dunn and Dunn Learning Style Model (Dunn, 

1986) was used. Instruction began with a global introductory story told in an entertaining 

way to capture student interest. Students then began to experiment with the mathematic's 

integer instruction through their preferred perceptual preference. 

Auditory students were brought into an adjoining office and used an auditory tape 

cassette to accompany their textbook. The teacher gave verbal instruction and directions. 

These students also had a taped accompaniment for the Programmed Learning Sequences 

(PLS). This learning strategy allowed students to proceed systematically upon mastery of 

each section of the material in an independent fashion with a self-check ability. 

Visual students read from their textbooks and answered questions in the book. A 

video was available for the concepts as well as a purely visual PLS. Visual students were 

also allowed to use a Contract Activity Packet which contained specific objectives with 

choices of media resources. 

Tactile students used a variety of manipulatives to learn the mathematics material. 

All the apparati contained a self-check procedure to determine the correctness of the 

student's response. Flip chutes allowed the students to place a question into the opening 

of a thematically decorated box and retrieve the answer from another opening. 

Electroboards lit up a light bulb when the student placed the probes on the correct 

question-answer combination. Pic-a-hole games, learning circles and task cards also 

enabled the students to get immediate feedback to their responses. 
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The kinesthetic learners used large floor games in which they became the markers 

that advanced from space to space upon correct answers to questions. These students also 

were allowed to walk about when using textbook readings. 

The students stayed in their first preference for five days before moving to their 

choice of second or third preference. At this next preference location all material was 

reinforced through this learning style. Throughout the entire study the experimental 

group was given one long-term homework assignment. All students were required to 

construct a creative project which demonstrated their knowledge of the mathematical 

objectives: (a) adding integers with the same sign, (b) adding integers with opposite 

signs, (c) subtracting integers, (d) addition of word problems (e) subtraction of word 

problems, (f) multiplying, and (g) dividing integers. The students had two weeks to 

complete this project and then they had to present it to at least one other student. 

Teachers in the experimental setting carried the role of facilitator. Migrating 

among groups, they offered assistance, checked for on-task behavior and answered 

questions as needed. This role was very different than that carried out in the control 

group classrooms. In this setting the teacher took on the traditional role in conveying all 

knowledge about the mathematical concepts being taught. 

Students in both groups took a posttest on the same day. The test was 

identical to the pretest. The mean change between the pretest and the posttest served as 

the data for this research. In this research, the union among student preferred perceptual 

learning style, teacher presentation of material and student academic success was 

critically investigated. 
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Design and analysis. 

A pretest-posttest design was used to observe the mean gain scores in 

achievement. One way ANOV As and two-way factorial ANOV As were used to analyze 

the data. 

Tables were used to display pretest-posttest mean gains between the two groups 

and all significant subgroups. ANOV As were conducted on the data using SPSS 

computer program. 

Budget. 

This research was funded through the procurement of a state educational grant. A 

five thousand dollar grant was awarded to the researcher from the Florida Department of 

Education in November of 1996. Entitled "Break the Mold Im1ovative Practices Grant"; 

the grant was written to secure funding for a school site project on learning styles. The 

grant covered many of the expenses of this research including the Learning Styles 

Inventories, materials for the tactual and kinesthetic teaching aids and participant 

training. Two educators, the researcher and one middle school teacher were trained by 

Dr. Rita DUilll in an extensive Learning Styles Institute through St. John's University in 

New York and secured learning styles consultants certification. In addition, grant monies 

was used to provide staff training materials and substitute teacher funding. Additional 

grants will be submitted to extend the learning styles staff training program based on the 

results of research. 
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Chapter IV 

Results 

Academic achievement in mathematics through the utilization of a learning styles 

teaching approach was investigated in this study. Using 262 seventh grade students 

enrolled in a large, urban, middle school in southeast Florida, the preferred perceptual 

preference of each student was used as a determinant of the teaching approach used to 

introduce new material on integers. Two-way factorial analyses of variance were used to 

test the hypotheses. 

Analysis of pretest performance. 

In Table 1, group means and standard deviations were reported for pretest scores 

categorized by treatment group and learning style. The data for each learning style shows 

the overall pretest mean and the pretest mean of that learning style for students in the 

experimental treatment group and the pretest mean for students with that learning style in 

the control group. It was interesting to note that in all four learning styles the pretest 

mean of the control group was always greater than the pretest mean of the experimental 

group. 
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Table 1 

Descriptive Statistics for Pretest Scores by Treatment and Learning Style 

Source M SD n 

Total sample 9.11 3.64 252 
Total exp. 8.72 3.67 94 
Total con. 9.34 3.61 158 
Auditory 9.18 3.60 95 
Auditory exp. 8.81 3.63 42 
Auditory con. 9.47 3.59 53 
Tactile 9.20 3.94 61 
Tactile exp. 8.56 3.75 18 
Tactile con. 9.47 4.03 43 
Kinesthetic 8.66 3.06 56 
Kinesthetic exp. 8.45 3.61 20 
Kinesthetic con. 8.78 2.77 36 
Visual 9.43 4.06 40 
Visual exp. 9.07 4.16 14 
Visual con. 9.62 4.07 26 

Nm.e.. exp. = experimental. 
con. = control. 

In order to determine the pretest equivalency of treatment groups, two one-way 

analyses of variance (ANOVA) were performed. The mean pretest score for the control 

group (M = 9.34, S.D. = 3.61, n= 158) was not significantly different (E (1,250) = 1.67, 

p.= .197), from the mean pretest score for the experimental group (M= 8.72, S.D. = 3.67, 

n= 94). This can be seen in Table 2. 
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Table 2 

Source 

Between groups 
Error 

ss 

22.07 
3304.03 

ANOVA for Pretest Score by Group 

Df 

1 
250 

MS 

22.07 
3304.03 

F 

1.67 
13.21 

p 

.197 

Likewise the mean pretest scores for the auditory students (M= 9.18, SD. = 3.60, n= 95), 

the tactile students (M= 9.20, SD. = 3.94, n= 61), the kinesthetic students (M = 8.66, SD. = 

3.06, n= 56) and the visual students (M= 9.43, SD. = 4.06, n= 40) were not significantly 

different (£(3,248) = .40, p. = .750) from each other as shown in Table 3. The ANOVA 

results reported in Tables 2 and 3 indicate that pretest score differences between the 

groups and the pretest score differences among different learning styles was not 

significant and therefore unlikely to have confounded the results of this study. 

Table 3 

ANOVA for Pretest Scores by Learning Style 

Source 

Between groups 
Error 

ss 

16.18 
3309.93 

df 

3 
248 

Analysis of treatment effects. 

MS 

5.39 
13.35 

F 

.40 

p 

.750 

Several two-way factorial analyses were used to study the treatment effect on the 

dependent variable. Interactions between treatment and demographic variables: (a) 
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gender, (b) race, and (c) learning styles at the .05 level were investigated. Tables included 

show means, standard deviations and ANOV As to illustrate statistical results. 

Table 4 shows the mean gain scores and standard deviations by gender in each of 

the treatment groups. The total female population showed a slightly greater mean gain 

score (M = 6.25) than the total male population (M = 6.13). Yet, when comparing the 

means of the experimental group, the mean gain score of the males (M = 6.95) was higher 

than that of females (M = 6.61). Interesting to note was that males in the experimental 

group, on the average, were able to answer 1.23 more problems on the 25-problem 

posttest than the males in the control group. 

A review ofthe individual gain scores of the subjects showed that 20 females or 

36% of the females in the experimental group gained no more than 5 points on their 

posttest scores. The overall means for the total experimental treatment group may have 

been effected by the low scores of 36% of its female population. Although several 

students made substantial gains, there may have existed a wash out effect on the mean for 

the group due to these low scores. 
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Table 4 

Descriptive Statistics for Gain Scores by Treatment and Gender 

Source M SD n 

Total sample 6.20 4.27 252 
Total exp. 6.74 4.21 94 
Total con. 5.87 4.28 158 
Female 6.25 3.89 138 
Female exp. 6.61 3.76 56 
Female con. 6.01 3.98 82 
Male 6.13 4.71 114 
Male exp. 6.95 4.85 38 
Male con. 5.72 4.61 76 

Nute.. exp. =experimental group. 
con. = control group. 

A 2x2 factorial analysis was used to study the interaction between treatment and 

gender. Table 4 shows the mean gain score for the male experimental students (M = 6.95, 

S.D.= 4.85, n = 38), the male control students (M = 5.72, SD = 4.61 , n = 76), the female 

experimental students (M = 6.61, S.D.= 3.76, n =56) and the female control students ( M 

= 6.01, S.D.= 3.98, n= 82). As shown in the interaction for gender in Table 5 (E (1,248) = 

.31, MS.= 18.26, p. = .577) there was no statistical significance. Null hypothesis 1 which 

predicted a nonsignificant interaction between treatment and gender was not rejected. 
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Table 5 

Source 

Group 
Gender 
Group x Gender 
Error 

ANOVA for Gain Score (Group x Gender) 

ss 

44.03 
.22 

5.69 
4527.44 

df 

1 
1 
1 

248 

MS 

44.03 
.22 

5.69 
18.26 

F 

2.41 
.01 
.31 

p 

.122 

.913 

.577 

The same procedure was used to study the interaction between treatment and 

race. The mean gain score for white students in the experimental group (M = 7.01, SD. = 

4.22, n = 82) was larger than the mean gain score for white students in the control group 

(M = 5.92, SD. = 4.30, n = 130). However, the mean gain score for black students in the 

experimental group (M = 5.14, SD. = 4.22, n = 7) was smaller than the mean gain score 

for black students in the control group (M = 5.50, SD. = 5.21 , n = 14), as shown in Table 

6. 

In reviewing the individual gain scores, 26 subjects or 32% of all white students 

in the experimental group had a gain score ofleast nine points compared 14% ofblack 

students in the experimental group. Whereas, 37 subjects or 28% of all whites in the 

control group had a gain score of at least nine points compared to 36% of black students. 

Large gain scores among black students in the control group compared to black students 

in the experimental group would suggest a traditional teaching approach to bring about 

increased achievement for minority black students. This was important to note since 
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much of the learning style research is being conducted to bridge the gap between majority 

and minority students. 

Table 6 
Descriptive Statistics for Gain Scores by Treatment and Race 

Score M SD n 

Total sample 6.20 4.27 252 
Total exp. 6.74 4.21 94 
Total con. 5.87 4.28 158 
White 6.34 4.29 212 
White exp. 7.01 4.22 82 
White con. 5.92 4.30 130 
Black 5.38 4.80 21 
Black exp. 5.14 4.22 7 
Black con. 5.50 5.21 14 
Hispanic 5.38 3.24 16 
Hispanic exp. 5.33 4.73 3 
Hispanic con. 5.38 3.07 13 
Asian 8.00 4.24 2 
Asian exp. 5.00 0.00 1 
Asian con. 11.00 0.00 1 
Other 2.00 0.00 1 
Other exp. 2.00 0.00 1 
Other con. 

Nme... exp. =experimental group. 
con. = control group. 

In Table 7, the ANOVA results show that the interaction for race and gender was 

not statistically significant (E (3,243) = .64, MS.= 18.30, p. =.590). The results of the 

ANOV A in Table 7 and the means in Table 6 void interaction between group and race. 
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Consequently, null hypothesis 2 predicting a nonsignificant interaction between treatment 

and race was not rejected. 

Table 7 

ANOVA for Gain Score (Group x Race) 

Source 

Group 
Race 
Group x Race 
Error 

ss 

43.14 
51.92 
35.11 

4446.32 

df 

1 
4 
3 

243 

MS 

43 .14 
12.98 
11.70 
18.30 

F 

2.36 
.70 
.64 

p 

.126 

.586 

.590 

The same statistical approach was used to investigate the interaction between the 

treatment and learning style. Similar to the tabular design of pretest scores in Table 1, 

Table 8 shows the mean gain score and the standard deviation for students in each 

learning style and for students in each learning style by group, experimental or control. 

Experimental students of three ofthe learning styles: (A) auditory (M= 6.90, SD = 4.10, 

and n = 42), (B) tactile (M = 7.06, S.D.= 4.43, n = 18), and (C) kinesthetic (M = 7.05, S.D. 

= 5.28, n = 20) all showed a larger gain score than students with the same learning style 

in the control group. Interestingly, as shown in Table 1, control students in all learning 

styles had pretest means larger than their peers in the experimental group. Hence, even 

though these students brought more prior knowledge into the instructional environment, 

they did not ascertain larger gain scores which would demonstrate greater mathematical 

ability. 
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Although not statistically significant, benefits of using a learning style treatment 

to teach integer mathematics concepts was observed in this study. Individual gain scores 

of nine or greater were recorded for each learning style in each group. In the 

experimental group, 15% of all students compared to 11% of all students in the control 

group had a mean gain score of nine or greater. Most noteworthy was that 37% of the 

tactile and kinesthetic students in the experimental group had mean gain scores of at least 

nine compared to 23% of the experimental tactile and kinesthetic students. When scores 

of 10 or greater were considered, 30% of the tactile and kinesthetic students in the 

experimental group outshone their tactile and kinesthetic peers in the control group. Only 

15% in the control group reached scores of 10 or greater. Finally, when considering mean 

gain scores of 12 or above, 12% of the tactile and kinesthetic students in the experimental 

group as compared to 6% of the tactile and kinesthetic students of the control group 

obtained these scores. Interestingly in terms of large gains and overall learning style 

group mean gain scores, the treatment was most beneficial to the students whose 

preferred perceptual preferences were tactile and kinesthetic. This particular population of 

students are most often not served when taught using a traditional teaching approach. 
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Table 8 

Descriptive Statistics for Gain Scores by Treatment and Learning Style 

Source M SD n 

Total sample 6.20 4.27 252 
Total exp. 6.74 4.21 94 
Total con. 5.87 4.28 158 
Auditory 6.73 4.47 95 
Auditory exp. 6.90 4.10 42 
Auditory con. 6.58 4.77 53 
Tactile 5.36 4.00 61 
Tactile exp. 7.06 4.43 18 
Tactile con. 4.65 3.64 43 
Kinesthetic 6.61 4.55 56 
Kinesthetic exp. 7.05 5.28 20 
Kinesthetic con. 6.36 4.15 36 
Visual 5.65 3.63 40 
Visual exp. 5.43 2.38 14 
Visual con. 5.77 4.19 26 

Nme... exp. = experimental 
con. = control 

Table 9 shows the interaction between learning style and treatment group. As in 

the interaction of gender to treatment group, Table 5, and the interaction of race to 

treatment group, Table 7, there is no statistical significance (E (3,244) = .92, MS. = 18. 05, 

p_ = .431) between learning style and treatment group. Therefore, null hypothesis 3 

predicting a nonsignificant interaction between treatment and learning style was not 

rejected. 
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Table 9 

ANOVA for Gain Score (Group x Learning Style) 

Source ss df MS F p 

Group 32.97 1 32.97 1.83 .178 
Learning style 78.91 3 26.30 1.46 .227 
Group x L.S. 49.94 3 16.64 .92 .431 
Error 4404.50 244 18.05 

Nrue... L.S. =Learning Style 

The mean gain difference between pretest and posttest scores for the treatment 

group and the control group were not significantly different. The average gain for the 

experimental group was slightly larger than that of the control group, yet not statistically 

significant. Tables 4, 6 and 8 each display the mean gain score of the experimental group 

(M = 6.74, S.I2 = 4.21, n = 94) and the gain score of the control group ( M = 5.87, SJ2 = 

4.28 and n = 158). Therefore, it is to be concluded that the mode of instruction did not 

make a difference in the mathematical academic achievement of the students. Thus null 

hypothesis 4 is not rejected. This main effect hypothesis predicted no difference in the 

mean gain scores on the mathematics integer test between the group of students taught in 

their preferred learning styles and the group of students taught in the traditional teaching 

format. 

Each of the four null hypotheses in this study were not rejected due to statistical 

significance. Yet, gains in using a learning style approach to teaching were seen. Large 

individual mean gain scores, especially for tactile and kinesthetic students were present. 

The experimental students in three of the different learning styles showed larger mean 
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gain scores than their peers in the control group. Both females and males in the 

experimental group had larger mean gain scores than the females and males in the control 

group. Treatment which brings about any improvement in achievement is valuable and 

worth studying. Chapter V investigates the limitations of this study and ideas for future 

study in the academic presentation mode pertaining to learning styles. 
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Chapter V 

Conclusions and Implications. 

The purpose of this study was to investigate the impact of teaching mathematics 

through the students' perceptual learning style preference on academic achievement. The 

study included 262 seventh grade students and four mathematics teachers in a large, 

urban middle school in southeast Florida. 

The random selection of the subjects resulted in a fairly consistent pattern of 

learning style categories between the control and experimental group. The auditory 

preference in both groups was the largest with 42 in the experimental group and 53 in the 

control group. The tactile and kinesthetic preferences were fairly the same within each 

group, with the experimental group having 43 tactile and 36 kinesthetic students 

compared to 18 tactile and 20 kinesthetic students in the control group. Both groups had 

the fewest students in the visual group, with 14 in the experimental group and 26 in the 

control group. In addition to the categorical consistency, both groups and all four 

learning style preferences showed no significant differences in mean pretest scores as 

stated in chapter IV. 

In this study, the investigator found no significant difference in the mean 

gain total following treatment between the students taught in their preferred perceptual 

preference learning style and those taught traditionally. The mean gain difference 

between the pretest and the posttest for the two groups was not significantly different to 

determine that the mode of instruction made a difference in the mathematical academic 

achievement of the students. Although the average gain for the experimental group was 
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slightly higher than that of the control group, the difference was not statistically 

significant. 

There was no interaction between the effectiveness of the treatment and race, 

treatment and gender, nor treatment and preferred perceptual preference. Thus, the 

relationship between treatment and achievement was not mediated by race, gender, or 

perceptual preference in learning style. In this study minority students did not do better 

than white students. This is important to note since much of the learning style research is 

being conducted to find ways to improve minority achievement. 

Also noteworthy is the comparison of the mean gain totals among the four 

perceptual preferences. Although not statistically significant, the tactile and kinesthetic 

students in the experimental group showed the greatest mean score gains. Since tests are 

a traditional teaching aide which appeals to visual students, this gain may have been 

statistically significant had a different type of assessment been used. Another factor to 

consider, although not statistically significant, is that the experimental tactile and 

kinesthetic students, showed a greater improvement over their counterparts in the control 

group than those with visual and auditory preferences. This is an important fact, since 

traditional teaching caters to the auditory and visual students. 

Limitations. 

There are a number of factors that may have limited the interpretation of the 

results: (a) the core of units, (b) the time span ofthe study, (c) teacher effect, and (d) any 

combinations of these factors. The seven units of study discussed earlier in this chapter 

may have been too comprehensive to adequately cover in a three week span. Although 

all four teachers were given identical training, it may have been more appropriate to have 

studied the results of only one teacher and that teacher's entire student population. 
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Changes, such as these, in the design of this study may have resulted in a statistical 

analysis which rejected the null hypothesis. 

This study was based on research conducted by Dunn at St. John's University 

(Dunn & Dunn, 1993). The experimental procedural design was closely patterned to 

other graduate studies at St. John's University (Carbo, 1980; Ingham, 1989; & Martini, 

1986). One major difference between the studies listed above and this study was the 

number of instructional units. In this study, seven units of study were taught: (a) adding 

integers with the same sign, (b) adding integers with opposite signs, (c) subtracting 

integers, (d) word problem addition, (e) word problem subtraction, (f) multiplying 

integers, and (g) dividing integers. This large amount of instructional material, which 

was delivered over a three-week span oftime, may have diluted the effectiveness of the 

treatment. A separate study for some of the seven units may have resulted in a rejection 

of the null hypothesis. 

The three-week period including pretest and posttest may not be sufficient time to 

assess significant differences in the impact of this instructional design. Research done by 

Ingham in 1989 involved two five month sessions in which five units of study were 

covered. Her findings indicated that students learn significantly more when their 

individual learning style perceptual preferences are matched with the appropriate 

instructional method. Ingham's study of five units over five months presented a time 

frame which would allow for students to be more adapt at using the new instructional 

tools than this present study. 

A study conducted by Bryant in 1989 which used a population consisting of 

seventh grade mathematics students, had many similarities in design to this study. A 

pretest-posttest design was used to determine if students who were matched to their 
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preferred learning styles for instruction in mathematics would score significantly higher 

than students who were mismatched for instruction. Similar to this study, there was no 

significant difference at the .05 level in mathematic achievement for students whose 

preferred learning style was matched to the mode of instruction. 

Another limitation to this study was that students in the experimental group had to 

adapt to several new learning tools in order to learn the material. There should have been 

a training period in which the students would have had the opportunity to become 

familiar with the materials and manipulatives used in this study. Using an experimental 

population who were familiar with these learning tools would have allowed for more on

task curriculum learning. 

Finally the four teachers used in this study were unfamiliar with teaching to 

learning styles. All teachers were using this pedagogy for the first time. Teachers trained 

and practicing this style of teaching may have been more effective facilitators with the 

experimental groups. The overwhelming difference in the teaching style when teaching 

to learning styles may have had a significant effect on the results of the study. 

Suggestions for further research. 

A great deal of research supports using student learning styles to increase 

academic achievement, as discussed in Chapter II. Although the results of this study 

were not statistically significant, gains were present in treatment groups. These slight 

gains do cause one to consider the importance of replicating this study. It may be 

preferable to repeat the research design using individual units of study. 

Other research supports nonsignificant findings in learning style approaches to 

increase academic achievement. Hall in 1993, used 382 middle school students to 

examine the relationship between mathematical achievement and learning style 
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preference. Using ANOV A no statistical significance was found. Likewise Malone 

(1987) found no significant correlation between learning style and achievement scores. 

Thus the null hypothesis which expressed no significant relationship between learning 

style preference and level of cognitive development was not rejected. 

Future investigations are needed in the area of long-term retention and learning 

style instruction. Most of the studies involving learning styles are non-longitudinal. It 

would be beneficial to the educational world to see the effect of learning style instruction 

on long-term memory. 

Much learning style research focuses on instruction delivery rather than the 

content of the curriculum. Restructuring the curriculum, as well as attending to the scope 

and sequence of the curriculum might provide more significant results in studies 

addressing achievement and learning styles. In this study, a change in the order of 

instruction of the seven units may have brought about a change in the results. For 

example, it would be interesting to repeat this study with the unit on word problem 

addition directly following the unit of addition of integers. The effectiveness of the 

delivery method may be affected by the scope and sequence of the curriculum. 

A literary review shows the Dunn & Dunn Model (Beaudrey et al., 1989) to be the 

most recognized in research involving graduate students. Given the positive findings of 

this meta-analysis of experimental studies conducted with the Dunn and Dunn model, 

researchers should conduct similar experimental studies with other models. Comparing 

studies of the Dunn and Dunn Model to other learning style models discussed in Chapter 

II may provide significant information in the area of learning styles. 

There exists a multitude of areas of need in education that could benefit from 

learning style research. Thus it would seem appropriate to examine the impact of 
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instructional learning style treatment on students of different academic levels and 

students in special education classes. Comparative studies in the clustering of learning 

style preferences by academic level or achievement would also be beneficial to educators. 

The umbrella of studies addressing learning styles provide useful information in attaining 

effective classroom instruction in accordance with the needs of each student. 

Summary. 

Learning styles are comprised of a comprehensive collection of personal 

preferences that make the same teaching method effective for some students and 

ineffective for other students. Knowing the students' learning styles, teachers can 

organize classroom instruction to respond to the students' individual needs. This study 

focused on perceptual preferences, only one of several learning style components of 

seventh grade students. Learning style components other than perceptual preference or a 

combination of perceptual preference and another component may have a significant 

effect on academic achievement and lend themselves well to research. 

Individualized education is one of the cornerstones of the process of 

accommodating the unique needs, interests and abilities of all students. While learning 

style assessment is not an invincible approach to teaching students, it is an additional 

concept that should be considered in each student's individualized educational program. 

Although not verified in this research, identifying and recognizing learning styles as a 

basis for providing responsive instruction has been shown in other research, to help 

educators meet the demands of a diverse student population. 
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APPENDIX 
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oive: 
1) -4 + ( -7) = 

A) -3 B)-II C)3 D) 1I 

2) 13 + ( -8) = 

A) 21 B)-5 C) -21 D) 5 

3) l-6 1 + l-91 = 

A)-15 B)-3 C)15 D)3 

4) -3 + 17 = 

A) -20 B) 20 C) 14 D) 15 

5) -47-(-8)= 

A) -53 B) 39 C) 55 D)-39 

6) 6- 10 = 

A)16 B)-4 C)-16 D)15 

7) -52-10= 

A) -62 B) 62 C)'42 D) -42 

8) 

9) 

10) 

11) 

( -2)(-4) = 

A) -8 B) -2 C) 8 D) -6 

-7 +-1= 

A)7 B)-7 C) 11 D)-1 

70+(-10)= 

A) 60 B) -7 C) -60 D) 7 

144 = 
-12 

A) 12 B) -12 C) 14 D) 132 

12) -36-:- -3 = 

A) -12 B) 12 C) 33 D) 39 

13) (4) (-2) (-6) = 

A) -48 B) -4 C) 48 . D) 12 

\ 

14) (-7) + (·}) + (22) + (-8) = 

A) 40 B) 4 C) -40 D) -4 
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15) l-6 1 - 151 = 

A) -11 B) 1 C) 11 D) - 1 

16) (-1) (-2) (3) (-1) 

A)-1 B)6 C)-6 0)1 

17) (-2)(-3)+(-5)= 

A) -11 B) 1 C) -6 D) 11 

18) While waiting for a football game, Lin decided to list the yardage gained as positive integers 
and the yardage lost as negative integers. After three plays, Lin recorded 14, -7 and 9. 
What was the net gain or loss? 

A) 16 B) 30 C) 23 ·· D) 7 

19) 10- (-17) = 

A) 27 B) -27 C) -7 D) 7 

20) (-1) (-1) (1) (-1) (-1) (-1) (-1)::;: 

A) 6 B) -6 C) 1 D) -1 

21) Joel went surfing and was having a blast~ .. until he fell off a huge wave he was riding. He 
was 33 feet in the air when he plummeted to seven feet below the sea level into a mass of 
rocks and coral. Which number best describes his fall-? 

A) 33 ft B) -33 ft. C) -40 ft D) 40 ft. 
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22) (-7) (4) (-3)(2) (0) (-23) = 

A) 3864 B) -3864 C) 0 0) -27 

23) Accountants work with credits and debits. Credits can be shown as positive numbers of 
dollars and debits as negative numbers of dollars. What is the balance as a result of having a 
credit of $84 and a debit of $129. 

A) $45 B) $302 C) -$45 D) -$302 

24) Write an addition problem that means the same thing as the following 
subtraction problem: 7 - 19 

A)-19-7 B)7+(-19) C)7+19 D)+7-19 

25) (-2)(-4) (-1) = 

A) 8 B) -8 C) 7 D)-7 
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