
ABSTRACT 

POTTMYER, LAURA MARIE.  Academic Impact of Learning Styles and Other Factors in a 
College Botany Course (Under the direction of John C. Park.) 

 
The purpose of this research has been to determine if students with particular learning 

styles were at an academic advantage over other students in a college botany course.  The 

professor for this course used methodologies within his lectures to reach the needs of all 

types of learners.  The participants were students in the Botany 200 course, an introductory 

science course taught at North Carolina State University.  Each of the 146 participants took 

the Gregorc Style Delineator at the beginning of the semester to determine their learning 

style and completed a survey about their views of the class and techniques being used in the 

class.  The student scores on course exams and the associated laboratory course were 

analyzed with respect to learning style, gender, year in school, academic major, academic 

college and previous college biology courses.  Learning style proved to be a significant 

predictor of student performance only in terms of the laboratory grades.  Academic 

performance in the lecture part of the course was not impacted by student learning style.  The 

female students did better than the males on three of the six measures of academic 

performance.  Students with greater background in college level biology did better in the 

course than those with less experience.  It appears that, when an instructor makes a conscious 

effort to use a variety of teaching methodologies to reach different learning preferences, the 

tendencies for students with particular learning styles to outperform the other students is not 

evident. 
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1 – INTRODUCTION 

The purpose of science education is not simply to deliver scientific information, but 

for students to comprehend science concepts and develop skills.  There are reform efforts 

specifically aimed to restructure and improve science education including Project 2061 

(Rutherford & Ahlgren, 1990) and the National Science Education Standards (National 

Research Council, 1996).  These movements are primarily focused at the state of K-12 

education in the United States, but their spirit and suggestions can be applied to institutions 

of higher education.  These reform efforts support the belief that all students can learn and 

call for all students to be taught more effectively. Research has shown that students can learn, 

but many students learn differently from the way instruction has been traditionally structured 

for presentation in the science classroom or lecture hall (Dunn, Beaudry & Klavas, 1989; 

Manner, 2001; O’Brien, 1991). 

Research on learning styles focuses on understanding the students and finding 

instructional methods to enable students to learn more effectively (Dunn & Dunn, 1979).  

Much of the research on learning styles has been focused on the K-12 student population 

(Dunn & Dunn, 1979; Dunn et al., 1989; Fischer & Fischer, 1979; Okebukola, 1986; Riding 

& Read, 1996), but some studies have shown that application of learning-style-oriented 

instruction has been successful at the collegiate level (Davidson, Savenye, & Orr, 1992; 

Drysdale, Ross, & Schulz, 2001; Lemire, 2000; O’Brien & Thompson, 1994).  To improve 

the instruction of college level science courses, it is important to understand how learning 

styles and teaching styles influence student attitude and achievement. 
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Individual Learners 

Teachers are quick to acknowledge that each one of their students is a unique 

individual.  However, in a class of 250 students it is easy to lose some of that individuality 

from the perspective of the teacher and the student.  Having one-on-one individually tailored 

sessions with each of the 250 students in a university class would not be time or cost 

effective from the perspective of the university.  It is probably not necessary to go to that 

extreme with individualization, if the instructor is aware and actively seeking to ensure that 

instruction is accessible to all students regardless of their learning style.   

Learning Style Theory 

Learning style theory grew out of the work in cognitive psychology involving 

personality development and traits.  Learning style theory is the application of personality 

types to the specific experiences of a learner.  It involves multiple facets of the learning 

experience and how individual learners have differences in their preference for how learning 

takes place (Silver, Strong, & Perini, 1997).   Learning styles incorporate how learners prefer 

to take in information from their environment and the internal processes learners favor to 

organize and make sense of newly encountered information (Gregorc, 1979).   

There are multiple models for interpreting learning styles.  This fact does cause some 

confusion on what individuals mean when they refer to a learning style.  However, some 

common ground can be reached between the leading camps.  The congruity among the 

definitions includes a learning style being a combination of preferences involving the 

physical environment, biological and sociological needs, and the learner’s emotional and 

psychological inclinations (Ballone & Czerniak, 2001; Dunn, Beaudry & Klavas, 1989).  
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Two major divisions exist within the umbrella of ideas that encompass learning styles.  One 

branch follows closely the original personality categories of analytical psychologist Carl 

Jung; the other branch expands the learning styles into environmental and physiological 

factors, in addition to the more traditional psychological and sociological views (Dunn, et al., 

1989; Dunn, Denig & Lovelace, 2001; Silver, et al., 1997). 

One persuasion within learning style theory holds tightly to Carl Jung’s original 

categories for classifying personality.  Jung’s original observations noted the differences in 

the way people perceived (sensation versus intuition), the way they made decisions (thinking 

versus feeling), and how active or reflective they were while interacting (extroversion versus 

introversion) (Ewen, 1998; Silver, et al., 1997).  Isabel Meyers and Katherine Briggs took the 

work of Jung and created an instrument called the Meyers-Briggs Type Index (MBTI) to 

categorize individuals into one of sixteen different categories along four scales.  The MBTI is 

used by some to study the elements of personality and their relationship with classroom 

performance and preferences (Ballone & Czerniak, 2001).  The research and work of David 

Kolb and Anthony Gregorc each branched off more from the work of Meyers and Briggs, but 

still held tight to the major categories that Jung established for personality.  Both Kolb and 

Gregorc have created their own instruments for classifying learning styles sorting individuals 

into one of four categories. 

The other major view point, advocated by the research team of Rita Dunn and 

Kenneth Dunn, primarily deals with the learner’s preferences for learning elements.   The 

Dunn & Dunn Learning-Style Model classifies these learning elements into environmental, 

emotional, sociological, physiological and psychological variables (Dunn, et al., 2001).  The 

ideas of auditory versus kinesthetic learners and preferences for sitting at a desk versus 
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sitting on the sofa while studying derive from their model.  Many educators are aware of the 

visual, auditory, kinesthetic and tactile learning styles.  This is just one aspect of the broader 

topic of learning styles, but it is a very concrete idea, and tests exist to analyze this dimension 

of learning styles.   

All of the research on learning styles, no matter the instrument or philosophy, gives 

evidence that individual learners are unique.  Learners do have preferences for how they like 

to learn and study even if their instructional settings are not always conducive to their 

learning style.  By the time students have reached the college level, most have found ways to 

adapt to different teaching styles in order to be successful (O’Brien, 1991).  College 

instructors are becoming more aware of the reality that their courses are comprised of 

heterogeneous groupings of students.  The focus for the instructors now moves from being 

aware of learning style differences to using that knowledge to design effective science 

instruction. 

Large Class Instruction 

Most introductory undergraduate science classes are large.  Recognizing that “large” 

is a relative term (Wulff, Nyquist, & Abbott, 1987), dynamics in classes over 75 persons will 

be discussed.  Students in classes this large have a level of anonymity that students in smaller 

classes do not enjoy.  Some students prefer this anonymity because they are less likely to be 

called upon and put on the spot.  Other students struggle with this lack of personalization and 

find large classes to be challenging to them as learners (Wulff, et al., 1987).  Advice for 

teachers of large classes involves trying to personalize the class more, meaning that the 
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instructor gets to know the students, the students get to know each other, and the instructor 

interacts with more than just the first few rows of students (McKeachie, 1999). 

Another way to improve college instruction in large courses is to focus on 

individuation of the class.  According to Katz (1985), “individuation begins by recognizing 

the individual differences in the thinking style, affect, motivation, background, and 

aspirations among the students in one’s class” (p.8).  In smaller classes one could have 

individual discussions to ascertain some of this information for each of the students, but in 

larger classes other means must be implemented.  Instructors can actively invite students to 

come to formal or informal office hours and get to class early and stay late to have 

discussions with individual students.  Conducting a learning style survey in the class would 

enable the instructor to better understand the dynamics of the group of students he or she has 

that semester, since groups change semester to semester (Miller, Wilkes, Cheetham, & 

Goodwin, 1993).  Instructors can also design assignments and assessments with flexibility of 

products to better match the learning styles of their students regardless of the size of their 

course (Katz, 1985). 

Most large university classes are traditionally conducted using the lecture method of 

instruction.  This is a passive form of learning for the students, but it is not necessarily a bad 

method of instruction if done well (de Winstanley & Bjork, 2002; McKeachie, 1999; Palmer, 

1998). Evidence shows that when instructors use methods to focus students’ attention, 

maintain high instructor enthusiasm, and organize their lectures well, that lecture can be an 

effective method of instruction (Knapper, 1987; McKeachie, 1999; Weaver & Cottrell, 

1987).  Frederick (1987) strongly advocates that professors be interactive with their students, 

moving the lecture into an active form of learning to increase success.  Frederick promotes 
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“energy shifts” within the lecture every 20 minutes to help keep students focused, the use of 

visuals to reach learners that do not pick up concepts as well auditorially, and programming 

in reflection time for the students to synthesize the information while in class to see if they 

need to ask questions.  Many other professionals recommend breaking down the large classes 

into smaller groups (Frederick, 1987; Glassman, 1980; McKeachie, 1999: Miller, et al., 

1993).  These groups can be pairings or triads for discussion of a question posed by the 

teacher, only meant to be together for a few minutes.  Groups can also be longer lasting or 

larger in scope to incorporate case studies or problem-based learning.   

 Most science courses also incorporate a laboratory section to give the students hands-

on experience with the subject matter to validate what has been presented in lecture.  This 

has been the traditional method of college instruction for over 100 years.  At the college 

introductory level, it is not standard to have much inquiry-based lab instruction incorporated 

into the course curriculum.  These laboratory experiences enable the students to be involved 

in smaller groups within their larger lecture section.  More interactive lessons can be planned 

within the laboratory sessions depending upon how the course is structured. 

Purpose 

The purpose of this study is to determine if there is a relationship between learning-

style preferences of the students in a college level science course and their achievement in 

the course. Providing the instructor with this feedback should enable the professor to better 

address the learning styles of the individuals in the class, which should increase student 

achievement and satisfaction.  

 6 



The Botany Course 

The learning styles study was conducted upon the students in an introductory botany 

class, Botany 200, held at North Carolina State University.  It is a course that does not 

require prerequisites, so it attracts both individuals that major in the biological sciences and 

individuals with humanities and business majors who need to fulfill science requirements for 

graduation.  Students from 8 out of 10 of the undergraduate academic colleges within the 

university and every year of study are represented within this diverse class.  The purpose of 

the course is to provide students with an understanding of plant anatomy, cell function, 

metabolism, and life cycle.  Students should also gain an appreciation for plant diversity and 

the role of plant ecology within the greater ecosystem.   

The instructor is a full professor with an understanding and interest in learning styles 

and their application in college instruction.  He helps to conduct effectiveness training at the 

beginning of the school year for teaching assistants to improve their methodologies with 

respect to learning styles and personalizing their classrooms. 
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2 – LITERATURE REVIEW 

After 30 years of research, it is now commonly accepted that students have learning 

preferences and teachers have instructional preferences; the interplay of these two styles 

makes an impact on student attitude and achievement (Drysdale et al., 2001).  Learning style 

theory grew out of work by Carl Jung in the field of psychology and was more finely 

structured by Isabel Myers and Katherine Briggs.  Their findings in psychology were applied 

to practical uses in education in the 1970’s and 1980’s through the work of Gregorc, Dunn & 

Dunn, and Kolb (Ballone & Czernaiak, 2001; O’Brien & Thompson, 1994). The initial 

learning style research to find effective instructional strategies for students with similar 

characteristics was primarily focused on elementary students (Dunn et al., 1989).  Learning 

style research has been expanded and applied to students of all levels, including those in 

higher education (Drysdale et al., 2001; O’Brien 1991). 

Early Roots 

Today researchers and practioners study learning styles looking for trends and 

applications for the classroom.  Though this work has become widespread in the last 30 

years, its roots go back much farther into history.  The analytical psychology perspective of 

Carl Jung is credited for the birth of the field of learning styles (Ballone & Czernaiak, 2001; 

Silver, et al., 1997).  However, even Jung himself noted that the division of people into 

distinct categories occurred much earlier. 

The underlying idea goes back to the fifth century B.C., to the teaching of 
Hippocrates, that the human body was composed of four elements, air water, 
fire and earth.  Corresponding to these elements, four substances were to be 
found in the living body, blood, phlegm, yellow bile and black bile; and it was 
Galen’s idea that by the varying admixture of these four substances, men 
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could be divided into four classes.  Those in whom there was a preponderance 
of blood belonged to the sanguine type; a preponderance of phlegm produced 
the phlegmatic; yellow bile produced choleric, and black bile the melancholic.  
As our language shows, these differences of temperament have passed into 
history, though they have, of course, long since been superseded as a 
physiological theory. (1971, p. 510). 

Jung’s theory of personality involves his division of individuals into polar categories 

of extroverts and introverts.  From there he also discovered other dualities within 

personalities such as, thinking versus feeling and sensing versus intuition (Jung, 1971).   In 

defense of his theory, Jung stated that some may “regard such differences as mere 

idiosyncrasies of character peculiar to individuals.  But anyone with a thorough knowledge of 

human nature will soon discover that the contrast is by no means a matter isolated individual 

instances but of atypical attitudes which are far more common than one with limited 

psychological experience would assume” (1971, p. 330).  These affinities towards one of the 

opposites are tendencies.  Jung believed that individuals have the ability to use all of the 

modalities, individuals simply have propensity for one to be dominant (Ewen, 1998).  This 

belief has been carried over into the modern interpretations of learning styles (Gregorc, 

1982a). 

Jung recognized that classification of personality types could be challenging since “in 

actual reality they are complicated and hard to make out, because every individual is an 

exception to the rule” (1971, p.516).  Due to this, Jung advocated for careful observations to 

ensure proper classifications.  Jung (1971) also argued that classification did not explain the 

individual psyche, but did enable people to understand human psychology better on a general 

level.  This early work in the psychology of personality types is the foundation for our 

modern understanding of learning styles. 
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Defining Learning Style 

The definition of learning style has evolved over time, but all definitions share certain 

similarities reflecting students’ preferences for how they best learn.  Initially Gregorc defined 

a learning style as “distinctive behaviors which serve as indicators of how a person learns 

from and adapts to his environment.  It also gives clues as to how a person’s mind operates” 

(1979, p. 234).  The commonalties among the definitions include the learning style being a 

combination of preferences involving the physical environment, biological and sociological 

needs and emotional and psychological inclinations (Ballone & Czerniak, 2001; Dunn, et al., 

1989).  These preferences are believed to be both biological and developmental in origin 

(Ballone & Czerniak, 2001).  Learning styles incorporate how individuals take in information 

and how they internally arrange the information to facilitate learning (Drysdale et al., 2001; 

O’Brien, 1991). 

In order to evaluate learning styles, there are many different instruments available.  In 

research the Myers-Briggs Type Index, the Kolb Inventory of Learning Styles, Dunn and 

Dunn Learning Styles Model and the Gregorc Style Delineator are the most common 

instruments used (Ballone & Czerniak, 2001; Lemire, 2000; O’Brien & Thompson, 1994).  

Though the Myers-Briggs Type Index was designed to classify personality types, this 

information has been applied to learning styles (Ballone & Czerniak, 2001; Lemire, 2000).  

All of these instruments ask individuals to self-report their affinity or choice between a set of 

words to describe themselves.  Based upon their responses, individuals are given their 

learning profile as one of 4-16 categories depending upon the instrument.  
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Significance of Learning Styles 

Research has shown that one learning style is not necessarily better than another and 

one is not associated with higher intelligence; they are simply differences in how people 

prefer to learn (Dunn & Dunn, 1979; Fischer & Fischer, 1979; Riding& Read, 1996).  

Gregorc (1982a) established four abilities to describe an individual’s dominant learning style.  

These four categories involve students scoring themselves along two spectrums.  One 

preference reflects how students like to receive information, ranging from abstract to 

concrete, and the other indicates how the students like to order the information once it is 

received, ranging from sequential to random (Drysdale et al., 2001, Gregorc, 1982a).  

According to Gregorc (1982a), individuals can then be categorized according to these 

preferences: 

• Concrete Sequential (CS) Learners are pragmatic, methodical and deliberate.  They 

like material presented in a step-by-step manner.  They follow directions, enjoy 

organization and prefer quiet atmospheres in which to study. 

• Abstract Sequential (AS) Learners like structure in their learning and enjoy rich 

full details including meaningful images.  These learners are highly verbal and prefer 

more input rather than less because they have the ability to sort through and sift out 

what they need to complete the whole picture of what they need to learn.  They like 

mentally stimulating, yet orderly and quiet learning situations. 

• Abstract Random (AR) Learners experience the world through their emotions and 

imaginations.  They base most of their learning on their senses and intuition.  AR 

learners prefer information presented in an unstructured manner, enjoy group 

discussions and like vibrant environments in which to study. 

• Concrete Random (CR) Learners like to investigate and examine ideas presented to 

them.  They make intuitive leaps within structured situations and enjoy creative 
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environments that enable them to explore their ideas and express their opinions.  They 

can work well independently or with small groups. 

Individual learners each have a dominant learning style, but more effective learners 

show the ability to expand their learning preferences over the course of their college careers 

(O’Brien, 1991).  However, students with certain learning styles have been shown to have 

greater achievement in certain subjects at the collegiate level (Drysdale et al., 2001).   The 

Drysdale et al. (2001) study revealed trends in student performance based on learning styles.  

College students that have a preference for sequential ordering of information show greater 

achievement in science courses than those who use random internal ordering of the 

information.  The students in both freshman biology and freshman chemistry that had CS and 

AS learning styles had higher course grades than those with CR and AR learning styles.  

Students who receive learning-style intervention have demonstrated higher overall GPAs and 

greater retention at the collegiate level (Drysdale et al., 2001).  Additionally, students that 

have their learning style matched with instructional strategies demonstrate a better attitude 

towards learning (Okebukda, 1986).   

Research has shown that when student learning styles are matched with instructional 

strategies, student achievement is maximized (Ballone & Czerniak, 2001; Davidson et al., 

1992; Dunn, Denig & Lovelace, 2001; Gregorc, 1979; Okebukola, 1986).  It does not matter 

what the educational environment is, as long as it is matched with how the students best 

intake and process information (Dunn et al., 2001).  It has been found that “academic success 

and failure in higher education depends not on student characteristics or teaching 

effectiveness alone, but on the interactions between the students and the learning 

environments and the match between how material is presented and how students process it” 
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(Drysdale et al., 2001, p. 273).  The more compatible the method of information presentation 

with the student’s preference on how to process it, the better will be his or her academic 

achievement (Drysdale et al., 2001).  The Miller et al. (1993) study found that students in an 

introductory biology course who “had a cognitive ‛fit’ between task setting and their personal 

style tended consistently to outperform their less ideally situated peers” (p.34). 

It is believed that teachers teach with a bias towards the learning style they prefer as a 

learner themselves (O’Brien & Thompson, 1994).  Based on this assumption, it would seem 

that students would do better in classrooms where their learning style matched the learning 

style of the teacher.  In O’Brien & Thompson’s (1994) study, this did not end up to be the 

case.  The students did better in courses where their learning style was mismatched with that 

of the instructor.  It should be noted that the O’Brien & Thompson study only looked at the 

styles of the instructors and students, not the actual instructional strategies being employed in 

the classroom. 

Teaching style is more than the instructor’s own learning style it involves a 

philosophy that melds together beliefs about the teaching-learning exchange with 

methodologies that the instructor employs (Heimlich & Norland, 2002).  The hope is that 

there will be congruence between what the instructor believes to be effective teaching 

behaviors and what he or she actually does in the classroom.  The goal is to have effective 

instruction that meets the needs of the learners. 

Teaching Large College Courses 

The traditional college lecture class has not proven to be the most welcoming or 

encouraging environment for all students (Salter, 2003; Drysdale et al., 2001).  It is an 
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institutional reality that at large colleges and universities there will be some large 

introductory courses.  But just because the class size may be large, this does not mean that 

the instruction must be a boring lecture.  Research and experience has shown that lecture can 

be an effective means of instruction (de Winstanley & Bjork, 2002; McKeachie, 1999).  The 

key to an effective lecture is to move beyond the passive learning typical in the lecture 

format and create an active learning environment for the students (Frederick, 1987; Knapper, 

1987; McKeachie, 1999). 

There does not seem to be one panacea for all the reported troubles of lecture style 

instruction.  The reality that most college instructors have a background lacking in pedagogy 

only compounds the issue (Knapper, 1987).  The solutions for creating effective learning 

environments in large college or university classes share some elements that are common to 

all quality instructional experiences, but specially need to be adapted to the larger 

environment. 

Students reported that the larger classes provide them with anonymity, some students 

enjoy that aspect and others found it to hinder their learning (Wulff, Nyquist & Abbott, 

1987).  Social research has shown that individuals that feel anonymous feel less personal 

responsibility in a situation and that can be damaging a student’s motivation for learning in a 

large classroom (McKeachie, 1999).  In order to reduce the anonymity in a class there are a 

few steps that an instructor can take: 

1. Be available to the students after class, during office hours and offers for 

informal interactions such as getting coffee. 

2. Circulate among students to get acquainted before class begins. 
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3. Use a seating chart so that the instructor can use a student’s name when he 

or she participates. 

4. Move around the classroom during lecture so that the instructor can make 

contact with more than just the first three rows of students. 

5. Have students fill out autobiographical forms so that the instructor can learn 

more about the background of the students (McKeachie, 1999). 

 
Breaking students down into smaller groups for discussion or projects helps to 

personalize the class and create a more active environment (Frederick, 1987; Glassman, 

1980; Katz, 1985; McKeachie, 1999).  There are a few different ways to do this depending 

upon the size of the class, purpose of the interaction, and physical restraints of the room.  

Students can be presented with a question or a problem and asked to discuss it with their 

immediate neighbors for a few minutes and then report back to the class as a whole, this 

technique is sometimes called buzz groups (Crow, 1980; Frederick, 1987; Glassman, 1980).  

In these smaller immediate neighbor groups students can also be asked to compare and/or 

explain their notes with their neighbor.  This strategy increases the processing of the material 

and reinforces the main ideas that have been presented (Knapper, 1987).   Students can also 

be broken down into groups for longer projects, case studies or reactions to problem posed by 

the instructor.  These group interactions can take anywhere from five minutes to multiple 

class periods depending upon what the instructor plans. Utilizing smaller groups within the 

larger class section enables the students to actively process information that has been 

presented, share their ideas in a smaller/safer environment and form bonds with fellow 

students.  Research has shown that the size of the groups does matter, when the group gets 
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too large, over seven members, it enables individuals to avoid participating by slipping into 

the background (Crow, 1980; Frederick, 1987; Glassman, 1980; McKeachie, 1999). 

The dynamics of the lecture can also make a significant impact on the effectiveness of 

the instruction.  Engaging student attention is critical to ensuring the students comprehend 

the material presented (Knapper, 1987; McKeachie, 1999).  Shifts in the energy of the class 

every 20 minutes helps to keep student attention.  These shifts can come from a change in the 

activity of the class, lecture to questioning to sharing to analyzing a diagram to watching a 

video segment, etc. (Frederick, 1987).  Breaks in the class to help students process the 

information that they have been presented is an effective method of reinforcement 

(deWinstanley & Bjork, 2002). Students can be instructed to summarize their notes up until 

that point in class either individually or with their neighbor.  College instructors need to 

make sure that they demonstrate enthusiasm, competency and concern throughout their 

instruction (McKeachie, 1999; Wulff, et al., 1987).  The attitude of the instructor has a direct 

impact upon the attitude of the students, so if an instructor wants dedicated and motivated 

students, he or she is best to project that image him or herself. 

Realistic Applications of Learning Style Research 

Though it is now widely accepted that matching a student’s learning style with the 

instructional strategies increases achievement (Ballone & Czerniak, 2001; Davidson et al., 

1992; Dunn, Denig & Lovelace, 2001; Gregorc, 1979; Okebukola, 1986), it is a difficult 

charge to implement in large college science courses.  In almost every class, there are 

students with all of the learning styles represented (Dunn et al., 1989; Dunn & Dunn, 1979).  

It is not practical for a college or university to create redundant classes differing only in 
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instructional presentation style to create homogeneous classes based on student learning 

style.  Even if this were practical for some “101” courses, some valuable diversity would be 

lost from the university experience by tracking students into classes where they only interact 

with their own kind.  So, instructors need to make sure that they accommodate the various 

learning styles within their instruction (Manner, 2001).   
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3 – METHODOLOGY AND DESCRIPTIVE ANALYSIS 

In order to determine relationships between student learning style and student 

achievement and attitude in various elements of the course, participants must be 

characterized and methods of evaluation must be defined. 

Participants 

This study was conducted on the campus of a large land grant university in the 

southeastern United States.  Subjects were students enrolled in the introductory botany 

course offered by the university.  Only those students who were present on the first day of 

class, had a defined learning style preference, remained enrolled for the duration of the 

semester and answered the instructional feedback questionnaire were used in this study.  The 

course had 239 total students; the final sample included a total of 146 students, consisting of 

65 males and 81 females.  Data from other students were collected, but only data from the 

students meeting all of the criteria were fully analyzed. 

Due to the introductory nature of this course, it attracted students from a variety of 

major fields of study.  The majority (n=81) of the students in the sample had majors related 

to the life sciences.  The next two largest groups of students were studying natural resources 

(n=22) and from humanities (n=15); the remaining students represented every academic 

college on campus except for textiles and education.  Figure 3-1 shows the colleges in which 

the 146 students in the analyzed population were registered. The majority of students (n=59) 

taking this course were juniors followed by 47 sophomores, 23 seniors, 16 freshmen and one 

“unclassified student.”   
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Figure 3-1.  College enrollment for the 146 students in the 
analyzed population. 

The course has no prerequisites and therefore the students had a variety of 

background courses in biology.  Of the students, 38.4% (n=56) indicated that the only 

biology they had prior to this botany course was high school biology.  This category was not 

broken down into what level of biology they had taken in high school, only that they had not 

taken any biology courses at the college level.  The next largest group of 34.9% (n=51) of 

students had taken both semesters of the Biology for Majors course at the university.  Two 

groups of 15 students each (10.3%) had taken only the first semester of Biology for Majors 

or only the Biology for Non-majors course.  Nine students (6.2%) classified themselves as 

taking another college level biology course prior to the botany course, other than the two 

already mentioned. 
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The Botany Course 

The Botany 200 course was first offered in 1968 with lectures on tape, laboratory 

experiences to look at the material covered on tape and small discussion groups.  The current 

professor was involved in the original creation of the class and its evolution to what it is 

today.  Currently, this introductory botany course is held twice a week for 75-minute 

meetings with a correlated 3-hour laboratory course that meets once weekly.  For the past 

eight years, the professor has been the sole instructor for the lecture section of Botany 200, 

and various teaching assistants help with the laboratory sections.  The class is conducted in a 

lecture format with the use of overhead transparencies for both notes and diagrams.  The 

students have a “course pack” with structured notes that they fill in during the lecture 

presentation in addition to a required textbook.  The instructor often brings in large-scale 

models or real life examples for demonstration purposes.  Another teaching technique he 

used a few times in each lecture period was allowing an opportunity for the students to 

discuss a question he posed to the class with their neighbor(s) before he asked for the answer 

from the class in general.  At the end of each class period, the students were required to fill 

out a form where they summarized information just learned in class and provided feedback to 

the professor for questions or concerns about the material covered. 

The course is an elective for most students.  There are only a few major fields within 

the College of Agriculture and Life Sciences and the College of Natural Resources that 

require Botany 200 for their students.  Many students within the College of Agriculture and 

Life Sciences use it as a suggested elective to meet graduation requirements.  Students other 

than majors in biological sciences often use the course to meet their general-education 

science requirements.  The course has no prerequisites, so students come to the course with a 
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wide range of background and experience in biology.  The course objectives include 

students’ understanding plant anatomy; cell function and metabolism; the processes and 

cycles involved in plant life; and taxonomic differences of plants as well as evaluating the 

ecology of plants within the greater ecosystem.  A separate introductory botany course exists 

for students at the university who major in botany, so those students are not within the 

sample population explored in this study. 

The professor was knowledgeable about learning styles and tried to incorporate a 

variety of teaching methods in his instruction.  He had first encountered the concept of 

learning styles at a symposium about ten years ago.  Further exposure to the ideas of 

“learning style focused instruction,” at a workshop four years ago, motivated this professor to 

start implementing expanded teaching methodologies in an attempt to reach out to different 

learners.  He has received multiple teaching awards at the university for his efforts in creating 

effective instruction. 

Learning Style Instrument 

The Gregorc Style Delineator (Gregorc, 1985) was administered to all of the students 

attending the first day of lecture in order to assess their individual cognitive style 

preferences.  This instrument was chosen because it has been used in previous studies and 

does not require a great amount of time to administer.  The Gregorc Style Delineator is a self-

assessment tool based on the assumption that individuals receive and express information 

according to particular channels (Gregorc, 1982a).  The instrument consists of a total of 40 

words organized into 10 matrices with four word choices per column.  The subject ranked the 

four words in each column according to how well the words described himself or herself.  
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The scores were calculated across the rows, which were associated with a learning style.  

This generated scores for four scales, defined by ten words each, which can range from 10 – 

40.  The actual range observed in administering the instrument in Botany 200 was 10 to 38.  

One student scored a 38 for the CS learning style and another a 38 for CR.  One student had a 

score of only 10, complete aversion, for the AR style and tied between CS and AS for the 

preferred style.  The students then plotted their data on a chart to visualize their scores and 

indicate where their learning preferences lie.  Students scoring 27-40 in a category have high 

capacity for that learning style (Gregorc, 1982a).  The highest score they recorded on the 

Gregorc Style Delineator classified students according to their dominant learning style.  If a 

student had a tie between two learning styles, then they were not included in the study since 

they had two dominant modes.  Figure 3-2 shows the categorization made for the 211 

students who completed the scoring instrument on the first day of class. 

Regarding the reliability of this learning style instrument, Gregorc (1982b) reported 

that 89% of respondents agreed or strongly agreed with the category reached by using the 

instrument.  Only 1% of respondents disagreed with the categorization of their learning style 

and 10% were unsure.  Since the Gregorc Style Delineator is a self-report administration, 

there are some concerns for validity.  The way in which the instrument is structured enables 

the students to see the patterns used for classification, so they could alter their responses if 

they wanted to be classified with a particular learning style.  Additionally, since it is self-

report, it reflects what the individuals believe to be true about their learning style and 

individuals may have misconceptions about how they really function as a learner.   
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Figure 3-2.  Dominant learning style determined by administering Gregorc 
Style Delineator to 211 students, 25 of whom had hybrid, equally dominant 
styles of CS-AS (7), CS CR (6), AR-CR (4), AS-CR (3), CS-AR (2), 
AS-AR (2), and CS-AR-CR (1). 

Only a single administration of the style index was given during the semester, since 

O’Brien’s (1991) study indicated that multiple administrations over the course of a semester 

yielded highly similar results.  Eventually, after eliminating the 25 students who had hybrid 

learning styles, 38 who did not submit midcourse survey questionnaires, and 2 more who had 

incomplete academic achievement grades for the semester, there were 146 students 

categorized with the dominant learning styles shown in Figure 3-3.   
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Figure 3-3.  Dominant learning styles of the analyzed 
population of 146 students. 

 
Student achievement was gauged on performance on the course exams, final 

laboratory grade, final exam and cumulative grade for the semester.  The students took three 

instructor-designed course exams during the semester. The exams consisted of material from 

the lecture sessions and were similar in format.  The tests had a mixture of fill in the blank, 

short answer, matching, multiple-choice and labeling.  The final exam contained more 

objective questions than the other class exams that had been administered during the 

semester.  The exam questions showed a variety of questioning levels on Bloom’s Taxonomy 

from knowledge through evaluation.  

The laboratory grade was equally weighted at 20% with the three tests and final exam 

in the cumulative grade.  The laboratory grade results from the quiz grades relating to the 

activities conducted weekly during the laboratory session.  The course enables the students to 

get hands on experience with the topics that are being covered that week in lecture.  The 
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students are expected to fill in worksheets and make detailed drawings in each lab to show 

mastery of the material.  The weekly quizzes consist of 20% regarding preparation for that 

day’s activities and 80% reflecting student understanding of what was learned from the 

previous week’s activities. 

The distributions of grades for the entire class and for the subset of 146 students in 

the analyzed population are indicated by the quartile values shown in Table 3-1.  The bias in 

the analyzed population towards students with higher academic achievement results from 

those students who participated were not the students who were truant or tardy to class and 

they also are the students who were not apathetic towards the strategies the professor was 

trying to implement in the class. 

Table 3-1.  Academic performance statistics for Botany 200. 
Quartile All Students in Course 146 Students Analyzed 

 Test Test 

 1 2 3 
Lab Final 

Exam 
Course 
Grade 1 2 3 

Lab Final 
Exam 

Course 
Grade 

1st  82 73 82 89 75 82.1 84 75 86 90 79 86.0 
2nd  89 83 90 94 83 88.7 90 84 93 94 86 90.1 
3rd  94 90 96 97 90 92.9 96 91 97 97 91 94.0 

Student Survey 

During the 11th week of the 17-week course, this researcher conducted a student 

survey.  This survey (see Appendix A) consisted of eight questions regarding student 

perceptions of the course and seven questions about specific teaching strategies employed in 

the course requiring the subjects to provide ratings on a five-point scale.  The survey also 

asked the students to indicate the previous level of biology education they had received.  The 
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level of previous biology was used as additional demographic data for analysis.  The survey 

was only given once in class and students were not required to answer the survey.     

Students who had completed the original learning style inventory but did not 

complete this course satisfaction survey were not included in subsequent analysis.  Figure 3-4 

shows that, for students who had originally completed the Gregorc Style Delineator 

instrument and would otherwise have been within the fully analyzed population, those who 

responded to this 11th week survey questionnaire were higher performing than the students 

Academic Performance Comparing Respondents 
and  Nonrespondents to the Survey
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Figure3-4.  Comparison of academic performance showing respondents to have earned 
higher grades than those absent or unwilling to respond.  Main bars plot median grades, and 
the error bars show first and third quartile values. 
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who were absent or unwilling to respond — for midcourse tests 1 and 3 and the laboratory — 

thereby receiving higher final grades.   

Data Analysis 

The score data from each exam, final laboratory grade and cumulative score were 

analyzed to look for a relationship between learning style and academic performance.  Using 

Statistical Analysis Software (SAS), a general linear model (GLM) was created to determine 

if learning styles or other demographic factors could be used as predictors of student 

academic success in the botany course.  An analysis of variance (ANOVA) was performed to 

determine these relationships.  A significance level of 0.05 was used to determine statistical 

significance of all data.  Additional analyses were run to determine if any of the demographic 

data (gender, class, major field, previous biology courses) had a significant relationship with 

academic performance.  Another GLM was run to analyze the survey data and to determine if 

any of the characteristics of the students could predict their satisfaction regarding different 

elements of the course. 
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4 – ACADEMIC IMPACT OF LEARNING STYLES AND OTHER FACTORS  

IN A COLLEGE BOTANY COURSE 

The purpose of science education is not simply to deliver scientific information, but 

for students to comprehend science content and develop skills.  There are reform efforts 

specifically aimed to restructure and improve science education including Project 2061 

(Rutherford & Ahlgren, 1990) and the National Science Education Standards (National 

Research Council, 1996).  These movements are primarily focused on the state of K-12 

education in the United States, but their spirit and suggestions can be applied to institutions 

of higher education.  These reform efforts are predicated upon the belief that all students can 

learn, and they call for all students to be taught more effectively. Research has shown that 

students can learn, but many students learn differently from the way instruction has 

traditionally been structured for presentation in the science classroom or lecture hall (Dunn, 

Beaudry & Klavas, 1989; Manner, 2001; O’Brien, 1991). 

Most research on learning styles focuses on understanding the students and finding 

instructional methods to enable students to learn more effectively (Dunn & Dunn, 1979).  

Much of the research on learning styles has been focused on the K-12 student population 

(Dunn & Dunn, 1979; Dunn et al.,1989; Fischer & Fischer, 1979; Okebukola, 1986; Riding& 

Read, 1996), but a few studies have shown that application of learning-style-oriented 

instruction has been successful at the collegiate level (Davidson, Savenye, & Orr, 1992; 

Drysdale, Ross, & Schulz, 2001).  To improve the instruction of college level science 

courses, it is important first to understand how learning styles influence student attitude and 

achievement. 
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After 30 years of research, it is now commonly accepted that students have learning 

preferences and teachers have instructional preferences.  The interplay of these two styles 

makes an impact on student attitude and achievement (Drysdale et al., 2001; O’Brien & 

Thompson, 1994).  Learning style theory grew out of work by Carl Jung in the field of 

psychology and was subsequently more finely structured by Isabel Myers and Katherine 

Briggs.  Their findings in psychology were applied to practical uses in education in the 

1970’s and 1980’s through the work of Gregorc, Dunn & Dunn, and Kolb (Ballone & 

Czernaiak, 2001). The initial learning style research attempting to find effective instructional 

strategies for students with similar characteristics was primarily focused on elementary 

students (Dunn et al., 1989).  Learning style research has been expanded and applied to 

students of all levels, including those in higher education (Drysdale et al., 2001; O’Brien 

1991). 

Defining Learning Style 

The definition of learning style has evolved over time, but all definitions share certain 

similarities reflecting students’ preferences for how they best learn.  Initially Gregorc defined 

a learning style as “distinctive behaviors which serve as indicators of how a person learns 

from and adapts to his environment.  It also gives clues as to how a person’s mind operates” 

(1979, p. 234).  A commonality among the definitions is that a learning style is a 

combination of preferences involving the physical environment, biological and sociological 

needs and emotional and psychological inclinations (Ballone & Czerniak, 2001; Dunn, et al., 

1989).  Learning styles incorporate how individuals take in information and how they 

internally arrange the information to facilitate learning (Drysdale et al., 2001). 
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Significance of Learning Styles 

Research has shown that one learning style is not necessarily better than another and 

one is not associated with higher intelligence; they are simply differences in how people 

prefer to learn (Dunn & Dunn, 1979; Fischer & Fischer, 1979; Riding & Read, 1996).  

Gregorc (1982a) established four abilities to describe an individual’s dominant learning style.  

These four categories involve students scoring themselves along two spectrums.  One 

preference reflects how students like to receive information, ranging from abstract to 

concrete, and the other indicates how the students like to order the information once it is 

received, ranging from sequential to random (Drysdale et al., 2001).  According to Gregorc 

(1982a), individuals can then be categorized according to these preferences: 

• Concrete Sequential (CS) Learners are pragmatic, methodical and deliberate.  They 

like material presented in a step-by-step manner.  They follow directions, enjoy 

organization and prefer quiet atmospheres in which to study. 

• Abstract Sequential (AS) Learners like structure in their learning and enjoy rich 

full details including meaningful images.  These learners are highly verbal and prefer 

more input rather than less because they have the ability to sort through and sift out 

what they need to complete the whole picture of what they need to learn.  They like 

mentally stimulating, yet orderly and quiet learning situations. 

• Abstract Random (AR) Learners experience the world through their emotions and 

imaginations.  They base most of their learning on their senses and intuition.  AR 

learners prefer information presented in an unstructured manner, enjoy group 

discussions and like vibrant environments in which to study. 

• Concrete Random (CR) Learners like to investigate and examine ideas presented to 

them.  They make intuitive leaps within structured situations and enjoy creative 

environments that enable them to explore their ideas and express their opinions.  They 

can work well independently or with small groups. 
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Research has consistently shown that, when student learning styles match 

instructional strategies, student achievement is maximized (Davidson et al., 1992; Dunn, 

Denig & Lovelace, 2001; Gregorc, 1979; Okebukola, 1986).  The educational environment 

can include a wide variety of elements, but as long as it is matched with how the students 

best intake and process information, the students will achieve their best (Dunn et al., 2001).  

The more compatible the method of information presentation is with the student’s preference 

on how to process it, the better will be his or her academic achievement (Drysdale et al., 

2001).   

Individual learners each have a dominant learning style, but more effective learners 

show the ability to expand their learning preferences over the course of their college careers 

(O’Brien, 1991).  However, students with certain learning styles have been shown to have 

greater achievement in certain subjects at the collegiate level (Drysdale et al., 2001).   The 

Drysdale et al. (2001) study revealed trends in student performance based on learning styles.  

College students that have a preference for sequential ordering of information show greater 

achievement in science courses than those who use random internal ordering of the 

information.  Students who receive learning-style intervention have demonstrated higher 

grade point averages and greater retention at the collegiate level (Drysdale et al., 2001).  

Additionally, students that have their learning style matched with instructional strategies 

demonstrate a better attitude towards learning (Okebukola, 1986). 

Applications of Learning Style Research 

Though it is now widely accepted that matching a student’s learning style with the 

instructional strategies increases achievement, it is a difficult change to implement in large 
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college science courses.  In almost every class, there are students with all of the learning 

styles represented (Dunn et al., 1989; Dunn & Dunn, 1979).  It is not practical for a college 

or university to create redundant classes differing only in instructional presentation style to 

create homogeneous classes based on student learning style.  Even if this were practical for 

some “101” courses, some valuable diversity would be lost from the university experience by 

tracking students into classes where they only interact with their own kind.  So, instructors 

need to make sure that they accommodate the various learning styles within their instruction 

(Manner, 2001).  The purpose of this study was to determine if there is a relationship 

between learning-style preferences of the students in a college level science course and their 

achievement in the course. Providing the instructor with this feedback should enable the 

professor to better address the learning styles of the individuals in the class and that should 

increase student achievement and satisfaction.  

Methodology 

This study was conducted on the campus of a large land grant university in the 

southeastern United States.  Subjects were students enrolled in the introductory botany 

course offered by the university.  Only those students who were present on the first day of 

class, remained enrolled for the duration in the semester and completed a mid-semester 

survey were used in this study.  Due to the introductory nature of this course, it attracted 

students from a variety of major fields of study.  The sample included a total of 146 students, 

out of the 238 total that were enrolled in the class, consisting of 65 males and 81 females. 

The Gregorc Style Delineator was administered to all of the students in attendance on 

the first day of lecture to assess their individual cognitive style preferences.  The instrument 
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consisted of a total of 40 words organized into ten matrices with four word choices per 

column.  The subject ranked the four words in each column according to how well the words 

described himself or herself.  The scores were calculated across the rows, which were 

associated with a learning style.  This procedure generated scores for four scales, defined by 

ten words each, ranging from 10 – 40.  The students then plotted their data on a chart to 

visualize their scores and indicate where their learning preferences lie.  The lecture professor 

then gave a brief explanation of the styles.  Only one administration of the style index was 

given during the semester since O’Brien’s (1991) study indicated that multiple 

administrations within a semester yielded highly similar results.   

The class was an introductory botany course held twice a week for 75-minute 

meetings and a correlated 3-hour laboratory session that met once a week. The class was 

conducted in a lecture format with the use of overhead transparencies for both notes and 

diagrams.  The students had a course pack with structured notes that they could fill in 

through the lecture presentation.  The instructor often brought in large-scale models or real 

life examples for demonstration purposes.  Another teaching technique he used a few times 

per lecture period was an opportunity for the students to discuss a question he posed to the 

class with their neighbor(s) before he asked for the answer from the class in general. This 

professor was knowledgeable about learning styles and tried to incorporate a variety of 

teaching methods in his instruction. 

Academic achievement was determined by evaluating the students’ performance on 

exams based on the lecture material and their overall grade for the laboratory course.  The 

students took three course exams during the semester and one final exam. The exams used to 

determine student achievement consisted of material from the lecture sessions and were 
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similar in format.  The exam questions showed a variety of questioning levels on Bloom’s 

Taxonomy from knowledge through evaluation.  The scores from these exams and the overall 

grade received in the laboratory section resulted in the cumulative grade for the course. 

The score data from each exam, final laboratory grade and cumulative score was 

analyzed to look for a relationship between learning style and academic performance.  Using 

Statistical Analysis Software (SAS), a general linear model (GLM) was created to determine 

if learning styles or other demographic factors could be used as predictors of student 

academic success in the botany course.  An analysis of variance (ANOVA) was performed to 

determine these relationships.  A significance level of 0.05 was used to determine statistical 

significance of data.  Additional analyses were run to determine if any of the demographic 

data (gender, class, major, undergraduate college and previous biology courses) had a 

significant relationship with academic performance.  Another GLM was run to analyze the 

survey data to determine if any of the characteristics of the students could predict their 

satisfaction regarding different elements of the course. 

Results 

The original analysis student performance data indicated that student major and 

undergraduate college were not significant factors in predicting student academic 

performance and were left out of future models.   The students had 51 different majors and 

this resulted in too many categories with respect to a population of 146 to do effective 

analysis of academic performance.  The students came from nine different undergraduate 

colleges, but this category was not significant in any of the measures of academic 

performance.  The probabilities, p, that differences in the demographic variables can be 
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accounted for simply by the “luck of the draw” in a uniform population of the particular size 

are tabulated below (see Table 4-1). 

There were no significant differences in the performance of the students on any of the 

exams administered in the lecture course based on their learning styles.  The one segment of 

the course where learning style did prove to be significant (p= 0.0187) was the scores 

students earned in their laboratory sections.  The concrete sequential learning style had the 

highest average laboratory score followed by abstract sequential, concrete random and 

abstract random respectively (see Table 4-2).  A Tukey adjustment showed that the concrete 

sequential was significantly higher than abstract random or concrete random. 
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Table 4-1 
Significance of demographic variables for academic achievement in Botany 200 course 
(p values calculated using ANOVA)  

  
Learning 

Style Gender 
Class 
Year 

College 
Enrolled 

Back-
ground 
Biology 

Test 1 0.3170 0.0001 0.1900 0.1885 0.0001

Test 2 0.2450 0.0097 0.0265 0.2709 0.0091

Test 3 0.7453 0.0621 0.7306 0.4597 0.3411

Final Exam 0.7504 0.2473 0.8337 0.4809 0.4574

Lab Grade 0.0187 0.4132 0.0321 0.8563 <0.0001

Cumulative Grade 0.3664 0.0116 0.0662 0.3136 0.0017

Note: Bold face values indicate significance at p<0.05. 
 

Analysis of the student test scores done with ANOVA demonstrated a significant 

difference in test scores based on gender for test 1, test 2, and the cumulative grade in the 

course (see Table 4-3).  The females had a higher test average for both of these tests and the 

cumulative grade.  The p values calculated with ANOVA are 0.0001 for test 1, 0.0097 for 

test 2, and 0.0116 for the cumulative grade, all of which are significant at the confidence 

level of 0.05.  
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Table 4-2 
Comparison of student test scores and grades by learning style 

 Learning Style 
  CS AS AR CR 

Test 1 Mean 88.69 90.41 87.22 87.11

  SD 11.45 8.70 11.29 8.44

p=0.3170 n 62 17 23 44

Test 2 Mean 82.23 81.59 78.00 81.98

  SD 13.77 8.88 16.24 10.58

p=0.2450 n 62 17 23 43

Test 3 Mean 89.31 87.18 90.78 86.14

  SD 14.78 9.17 9.09 20.99

p=0.7453 n 62 17 23 44

Final Exam Mean 84.39 84.71 81.87 82.52

  SD 14.16 9.18 10.66 15.59

p=0.7504 n 62 17 23 44

Lab Grade Mean 94.49 92.24 91.52 91.65

  SD 4.69 4.45 8.90 6.23

p=0.0187 n 61 17 23 43

Cumulative Grade Mean 89.79 88.84 87.51 88.38

  SD 8.54 5.95 8.18 7.61

p=0.3664 n 62 17 23 43
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Table 4-3  
Comparison of Student Test Scores by Gender 

  Male Female 
Test 1 Mean 84.82 90.89 

  SD 10.50 9.26 

p=0.0001 n 65 81 

Test 2 Mean 78.44 83.75 

  SD 13.51 11.80 

p=0.0097 n 64 81 

Test 3 Mean 85.62 90.52 

  SD 18.65 12.62 

p=0.0621 n 65 81 

Final Exam Mean 82.00 84.64 

  SD 16.85 10.18 

p=0.2473 n 65 81 

Lab Grade Mean 92.38 93.15 

  SD 5.50 6.54 

p=0.4132 n 63 81 

Cumulative Grade Mean 87.12 90.30 

  SD 8.12 7.51 

p=0.0116 n 64 81 

The amount of prior biology instruction that students had encountered before taking 

the botany course did prove to be significant (p<.05) in four out of the six measures of 

academic performances as shown in Table 4-4 .  In those four measurements, students who 

had taken both semesters of biology for biology majors outperformed students who had not 

taken any college biology course.  For test 1 and the cumulative grade, the students with both  
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Table 4-4  
Prior instruction in biology significantly affected performance except for the lab grade and 
final exam. 

Semesters 
    2 1 

Non-
majors 

Other 
college Only HS 

Test 1 Mean 93.06 90.13 82.47 90.56 84.38

  SD 7.04 7.77 12.31 7.52 11.06

p=0.0001 n 51 15 15 9 56

Test 2 Mean 86.32 82.07 79.20 81.56 77.41

  SD 8.64 10.08 9.99 18.90 14.85

p=0.0091 n 50 15 15 9 56

Test 3 Mean 89.78 93.27 80.53 93.67 87.20

  SD 19.37 7.99 23.99 2.40 10.88

p=0.3411 n 51 15 15 9 56

Final Exam Mean 84.61 81.00 77.60 85.22 84.38

  SD 14.97 11.90 23.40 10.56 8.76

p=0.4574 n 51 15 15 9 56

Lab Grade Mean 95.32 89.07 93.07 93.33 91.43

  SD 3.98 10.47 4.36 5.36 5.86

p<0.0001 n 50 15 14 9 56

Cumulative Grade Mean 92.31 88.49 85.28 90.56 83.66

  SD 6.26 6.24 9.39 7.25 8.33

p=0.0017 n 50 15 15 9 56
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semesters of majors’ biology outperformed the students who had taken biology for non-

majors.  The students who had taken only the first semester of biology for biology majors 

had significantly lower scores in laboratory than the students who had both semesters of the 

biology for biology majors’ course.  Students who had last taken biology in high school 

ranked last or second to last when the average scores were compared on these academic 

measurements. 

Table 4-5  
Significance of questionnaire responses by learning style and gender (p values calculated 
from ANOVA) 

Question 
Learning 

Style Gender Question 
Learning 

Style Gender 
1 0.3180 0.3908 9 0.9405 0.3775 
2 0.1483 0.3446 10 0.7940 0.4306 
3 0.3803 0.0366 11 0.8877 0.3269 
4 0.6424 0.4958 12 0.1012 0.8507 
5 0.1107 0.0044 13 0.2180 0.5474 
6 0.5943 0.7272 14 0.5842 0.0275 
7 0.1796 0.8798 15 0.4221 0.2360 
8 0.2129 0.0321    

The analysis of the survey data on student satisfaction with the course showed no 

trends within the model for any of the student information categories, except for gender.  

Preferences for particular methodologies were not evident for specific learning styles.  

Gender proved to be significant for four of the fifteen questions posed to the students (see 

Table 4-5).  In each of these four responses, both sexes expressed overall strong agreement 

with a statement or viewed a methodology as helpful, but the females assigned more 

favorable ratings than the males.   
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Figure 4-1 shows the relative frequency distributions of male and female answers to 

survey question 5. This question showed the most difference (p=0.004) between males and 

females.  It asked for an evaluation of the instructor.  Figure 4-2 shows through similar 

histograms the distribution information for question 7, where male and female responses 

were very nearly the same.  That question dealt with the textbook and had a modal value of a 

neutral response.  
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Figure 4-1.  Distribution of responses to survey 
question 5 shows modal value for “strongly agree” 
with significant difference (p=0.0044) between 
males and females. 
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Question 7
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Figure 4-2.  Distribution of responses to survey 
question 7 is centered on a neutral response without 
significant difference between males and females. 

The four questions for which there was a gender difference in response are shown in 

Figures 4-3 through 4-6 with a plot of the cumulative relative frequency distributions for 

male respondents and female respondents.  Figures 4-3 through 4-5 demonstrate that for each 

of the three survey questions regarding attitudes towards the course, where gender was 

significant, the females had a greater frequency of responses for the “strongly agree” or 

“agree” category than the males did, yielding more favorable average ratings for the 

questions.  In Figure 4-6 the female students showed a greater belief that the analogies the 

professor uses are “very helpful” or “helpful” in their understanding of the course material. 
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Question 3 - I feel teachers with more 
personalized classes have a higher-grade 
distribution than teachers with less 
personalized classes
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Figure 4-3.  Distribution of responses to survey question 3 
shows a significant difference between male and female 
respondents (p=0.0366) with females agreeing more 
strongly. 

Question 5 - I learned interesting things 
about plants because the instructor made 
the class fun
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Figure 4-4.  Distribution of responses to survey question 5 
shows the greatest difference between males and females 
for any question in the survey, with females agreeing more 
strongly (p=0.0044). 
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Question 8 - The instructor's teaching 
style meets the needs of my specific learning 
style
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Figure  4-5.  Survey question 8 again shows female 
respondents agreeing more readily than males (p=0.0321). 

Question 14 -  Real-life everyday 
examples and analogies
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Figure 4-6.  Female survey respondents rated "real-life" 
examples and analogies more highly than did their male 
counterparts (p=0.0275). 
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Discussion 

From the results it appears that, in this particular botany course, one learning style 

does not have a significant advantage over another one.  Even though research has shown 

that typically, in science and math courses, students with AS and CS learning styles have 

higher achievement (Drysdale et al., 2001), that was not evident within this population except 

with respect to the laboratory grade.  The laboratory course was very structured and test-

oriented.  These attributes align well with the tendencies for individuals with a dominant CS 

learning style.  As Miller et al. (1993) noted in their study, “the students who had a cognitive 

‘fit’ between task and setting and their personal style tended consistently to outperform their 

less ideally situated peers” (p. 34).  In the laboratory situation, all of the learning style groups 

had A averages (see Table 4-2), but the CS students did have a significantly higher laboratory 

grade average.  The decisive differences found in laboratory did not carry over into the 

student scores in the lecture exams. 

These results are encouraging for the instructor of this course.  His own learning style 

preference is for AR, but it has been his aim to teach with a variety of methodologies to meet 

the various learning styles of his students.  This data supports his personal belief that, when 

instruction is varied and personalized, it provides an opportunity for all students to learn.  

The success of the students in his classroom is due to a combination of his sensitivity to 

learning styles, enthusiasm for the course, personal connection with the students and variety 

of teaching techniques employed in class.  The Ballone & Czerniak (2001) study showed that 

educators who share the belief of employing a variety of effective teaching methodologies 

will increase conceptual understanding by the students. 
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The techniques utilized by this professor appear to make the course welcoming to all 

types of learners, not just the sequential learners that typically do better in a science course. 

The use of discussion groups within the lecture, visual diagrams to explain concepts and 

models to increase understanding of abstract concepts is a break in tradition from the typical 

collegiate large-scale, passive science lecture format (McKeachie, 1999).  The class 

discussions enable the students to process additional information, and they enable those 

students who do better in collaborative settings to have an opportunity to work in their 

preferred mode instead of simply taking notes individually.  The use of the reflection and 

question sheets at the end of a lecture help the students to further process what they have 

learned and engage them in providing the instructor with a formative assessment, so that 

instruction can be adjusted to their needs.  Those students that do best when they can use 

written words to organize their understanding are supported in this activity.  The results of all 

learning types succeeding in the course indicate that instructors can make a course accessible 

to all students, if they are willing to implement a variety of activities that address the learning 

preferences of the students. 

The Miller et al. (1993) study highlighted the fact that learning style is just “one of 

the many manifestations of student diversity that contribute to very different individual 

experiences in any group learning situation” (p. 44).  Analysis of the demographic data 

yielded some unexpected results.  The analysis indicated that the number of years a student 

had been in school generally did not have an impact upon his or her academic achievement.  

The first-year students did score lower on the second test and in the associated laboratory 

course.  However, they were among those only receiving high school biology prior to this 

course, and that category of students also did the worst on the second test.  Test two covered 
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the anatomy and processes carried out by specific parts of the plants; it is possible that these 

topics are not covered thoroughly in high school biology.  These students were in their first 

semester of their freshman year so that this botany lab was their first laboratory in the college 

setting.  The first-year students could have been at a disadvantage over students that had 

experienced more college laboratory classes by reason of having to learn procedures and 

expectations for laboratory at this level.  The professor had been concerned about his 18 first-

year students and whether or not they had the skills to succeed in class, but this group of 

students was not shown to be at an overall significant disadvantage in this course when 

analyzing their overall cumulative grades. 

The amount of college biology that the students had taken did prove to be significant 

in predicting their success in this introductory botany course.  The students who had taken 

both semesters of biology for biology majors offered at the university or had taken another 

biology course at another college or university usually did better than those with less formal 

biology background.  The second semester of major’s biology offered by the university is 

when students analyze the form and function of various organisms, which is tightly linked to 

material covered in the botany course.  The findings from this study are consistent with the 

work from the Norvilitis, Reid, & Norvilitis (2002) study’s finding that, when looking at 

student performance in college physics, personality variables were not related to proficiency 

but that the previous course exposure did have a relationship.  The students that had greater 

academic exposure to the material had higher scores on the quizzes (Norvilitis, et al., 2002). 

The most surprising results were the higher achievement rates of the females 

compared to the males in the course on the first two tests and on their overall performance in 

the course.  Considering that learning style and year in school, major, and undergraduate 
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college did not prove to be significant in most evaluations of performance, it surprised this 

researcher that gender had a significant difference on achievement in the course.  

Observations during lecture did not indicate any preferential treatment or obvious gender bias 

due to language used or examples presented by the instructor. Greenfield’s (1996) study on 

student science achievement and attitude showed that, with respect to gender, there were no 

consistent differences in achievement and only a few when analyzing science perceptions and 

attitudes.  Further, there have been studies to indicate that, when socio-economic status and 

race are controlled for, male students out-perform female students in science (Von Secker & 

Lissitz, 1999).  Though research shows that females do better in classes that involve 

laboratory (Von Secker & Lissitz, 1999), the females in this course did not score significantly 

better in laboratory than the males.  It is possible that the experiences for the females in the 

laboratory part of the course did help them to perform better in the lecture part of the course.   

In the student satisfaction survey, the female students did indicate higher preferences 

in several categories and this may shed some light upon their success in the course.  The 

females did indicate a greater degree of belief that the instructor had met their individual 

needs with regards to their learning style.  Specifically the females showed a greater 

preference for the use of everyday examples and analogies that the professor employed in his 

instruction finding them helpful in their understanding of the course material.  The female 

students also responded that they believed, more so than the males, that they learned material 

because the instructor made the class fun and that grades were higher in the class because it 

was more personalized.  She & Fisher (2002) found that female students perceived their 

science teachers as more understanding and friendly than the boys did.  Additionally, the She 

& Fisher (2002) study showed that students’ cognitive achievement scores were higher when 
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they viewed their teacher as being understanding and supportive.  The females in the botany 

class did view the instructor as fun and meeting their needs and their overall grades in the 

course were higher than the males, supporting the findings of She & Fisher. 

Limitations 

Though this study was large (n=146) by educational standards, it did have its 

limitations for generalizability.  This study was only conducted for one semester and it would 

be good to gather data for additional semesters to determine if this was typical of the 

instructor or limited to this particular cohort of students.  The lecture professor was 

knowledgeable about learning styles and striving to meet the needs of all of his students; not 

all college professors have this knowledge or desire.  Large classes seldom have multiple 

sections taught by different professors and, even if they do, university procedures for class 

registration do not provide for random assignments to sections.  Hence, any sort of 

comparison to a control group for this type of study is nearly impossible.  The results must be 

considered to be somewhat idiosyncratic to the professor.   

Additional qualitative research could be done with groups of students in each learning 

style to assess what particular elements of the course helped them to be successful.  This 

added data could help to aid in the understanding of the specific methodologies that make an 

impact for each learning style. 

The Gregorc Style Delineator is only available in English.  The course did have some 

students where English was not their native language, though their English is at levels 

acceptable for university study in the United States.  It is possible that some of the nuances of 

the words the students had to choose from the matrix of words could have been lost on non-
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native English speakers and the scores they received for their learning style were not as 

reliable as those for native English speakers. 
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STUDENT MID-SEMESTER SURVEY 

Figure A-1 shows the instruction sheet distributed to students together with an optical 

character recognition bubble sheet to record their answers.  Oral instructions were given to 

the students by the researcher regarding filling the survey out in an honest manner.  The 

students were assured that the information they gave would never be directly associated back 

to them by the professor and so it would have no impact upon their grade.  They were 

instructed that the professor would only receive a summary of the results, not individual 

responses.  The professor left the room as the students filled out the surveys. 
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Mid-Semester Teaching Check 
 

Please bubble in your student identification number on the answer sheet; this information is only 
so that your responses can be linked with your learning style.  The professor will never know  
who said what on this survey, so please answer honestly.  The first set of questions concern your  
overall impression of the course thus far.  Please rank these questions on the following scale and  
bubble the answers in on your sheet: 
 
Strongly Agree Agree  Neutral  Disagree     Strongly Disagree 
 A B  C  D  E 
 

1. I would recommend this course to other students no matter who the professor was. 

2. I would do better in my other classes if my professors had a teaching style similar to this  
professor. 

3. I feel teachers with more personalized classes have a higher-grade distribution than  
teacher with less personalized classes. 

4. I prefer teachers to be more formal in teaching the class. 

5. I learned interesting things about plants because the instructor made the class fun. 

6. The work done in lab helps me to understand what we learn in lecture. 

7. The textbook is effective in presenting the necessary information to succeed in this class. 

8. The professor’s teaching style meets the needs of my specific learning style. 
 
The next section is about specific practices in the class and how they impact your learning.   
The practices will be listed and you need to report if the method helps or hinders your  
learning.  Please rank these questions on the following scale and bubble it in on your answer  
sheet: 

 
Very Helpful Helpful Neutral Hinders Greatly Hinders 
 A  B C D  E 
 

9. The use of models in class (structures, processes, etc. – not fashion models) 

10. The question review from the previous class at the beginning of class 

11. The pictures and diagrams shown on the overhead 

12. The structured notes in the course pack  

13. Talking with your neighbor about questions the instructor asks to the class 

14. Real life everyday examples and analogies 

15. Demonstrations that the instructor does in class 

16. What level of biology training did you have prior to taking this class? 
  A) BIO 181 & 183 B) BIO 181 C) BIO 105 D) Another college bio course    E) High School Biology 

Please answer the following questions on the back of this sheet and turn it in with your score  
sheet.  Put the number of the question you are answering next to your response. 
 

17. What is the one thing that you enjoy best about this class? 

18. What is the one thing you would like to change about this class? 
Figure A-1.  Instrument used for student satisfaction survey in 11th week. 
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