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ABSTRACT 

D e s p i t e t h e r e c e n t g r o w t h of H i s p a n i c s and women 

e m p l o y e d i n s c i e n c e and e n g i n e e r i n g (S /E) i n t h e U n i t e d 

S t a t e s d u r i n g t h e p a s t d e c a d e , t h e s e p o p u l a t i o n s c o n t i n u e t o 

be s e v e r e l y u n d e r r e p r e s e n t e d . H i s p a n i c s of a l l r a c i a l g r o u p s , 

i n c l u d i n g H i s p a n i c women, r e p r e s e n t e d 1.8 p e r c e n t of t h e S/E 

w o r k f o r c e i n 1988 . The u n d e r r e p r e s e n t a t i o n of H i s p a n i c s and 

women i n S/E i s t h e r e s u l t of low p a r t i c i p a t i o n of t h e s e 

p o p u l a t i o n s i n u n d e r g r a d u a t e p r o g r a m s . H i s p a n i c s r e p r e s e n t e d 

3 . 8 p e r c e n t of t h e S/E b a c c a l a u r e a t e r e c i p i e n t s i n 198 7 . 

Dur ing t h e m i d - e i g h t i e s , women r e c e i v e d t w o - f i f t h s of t h e S/E 

b a c h e l o r s d e g r e e s . Few s t u d i e s have been c o n d u c t e d t h a t 

i n v e s t i g a t e l e a r n i n g s t y l e s as a p o s s i b l e e x p l a n a t i o n why 

t h e s e p o p u l a t i o n s t y p i c a l l y do n o t choose S/E e d u c a t i o n and 

c a r e e r s . The focus of t h i s s t u d y was on t h e c o m p a r i s o n of 

l e a r n i n g s t y l e s b e t w e e n H i s p a n i c and Ang lo s t u d e n t s i n 

c h e m i s t r y i n o r d e r t o a s c e r t a i n i f t h e r e a r e any d i f f e r e n c e s . 

T h i s s t u d y , t h e r e f o r e , a t t e m p t e d t o a n a l y z e t h e l e a r n i n g 

s t y l e s of H i s p a n i c and Anglo s t u d e n t s i n c h e m i s t r y and t o 

d e t e r m i n e i f l e a r n i n g s t y l e was r e l a t e d t o t h e i r s u c c e s s . 

The p u r p o s e of t h i s s t u d y was t o compare t h e l e a r n i n g 

s t y l e s of H i s p a n i c and Anglo s t u d e n t s e n r o l l e d i n c h e m i s t r y . 

E i g h t h y p o t h e s e s were t e s t e d u s i n g r o u t i n e s a v a i l a b l e i n t h e 

S t a t i s t i c a l P a c k a g e f o r t h e S o c i a l S c i e n c e s (SPSSX). The 

r e s u l t s of t h e e i g h t h y p o t h e s e s i n d i c a t e d : 

v i i 



There is a significant difference in the learning 
styles between Hispanic and Anglo students in 
chemistry,as measured by Kolb's Learning Style 
Inventory. 

There is a significant difference in the grades 
earned between Hispanic and Anglo students in 
chemistry. 

There is no significant difference in the learning 
styles between males and females in chemistry. 

There is no significant difference in the grades 
earned between male and female students in 
chemistry. 

By examining these results the study should provide 

insight into the problem of low participation of Hispanic 

students in S/E programs and the under-representation of 

Hispanics in the S/E workforce. Indirectly, the study may 

also influence revisions in traditional S/E programs in 

colleges and universities. 
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CHAPTER I 

INTRODUCTION 

By the beginning of the 21st century, the United States 

will be struggling to maintain a worldwide competitive edge 

in science and technology. in order to meet its needs for 

scientists and engineers, the United States economy will have 

to rely on the growing number of minorities and women. 

"Demographic data show a future with proportionately few 

young people and an increasingly large workforce comprised of 

minorities and the economically disadvantaged" (Wiley, 1989, 

p. 13). However, historically in the United States, 

minorities have been underrepresented in science and 

engineering fields in education and the workforce. This 

raises important concerns about the ability to produce enough 

scientists and engineers to meet this country's future needs. 

Therefore, an important issue to find in higher education 

today are ways to encourage more minorities and women to 

pursue degrees in science and engineering. 

Because Hispanics comprise a diverse ethnic group which 

includes persons from Mexico, Central and South America, 

Asia, Europe and the Caribbean due to the methods of 

collecting and reporting data for the purposes of this study, 

Hispanics will be treated as an aggregate population. Of 

Approximately 5,285,400 employed scientists and engineers in 

1988, about 1.8 percent or 96,000 were Hispanic. About 44 

percent of Hispanics reported less than 10 years of work 



experience compared to 31 percent for all scientists and 

engineers. Among the Hispanic S/E population, approximately 

46 percent were scientists and 54 percent were engineers. Of 

the total Hispanic scientists, approximately 10 percent were 

more likely to be life scientists (biology) compared to five 

percent likely to be physical scientists (chemistry, physics) 

(Lane, 1988). 

In 1988, 16 percent or 868,000 scientists and engineers 

were women. Because women in general have only recently made 

strides into the S/E workforce, approximately 60 percent 

report less than 10 years of work experience in 1986. During 

1988, 30 percent of all scientists and four percent of all 

engineers were women. Women comprise approximately 2 8 

percent of all the life (biology) scientists and 15 percent 

of all physical (chemistry, physics) scientists (Lane, 1988). 

Relatively few women scientists and engineers are 

Hispanic, only three percent. Approximately 75 percent of 

Hispanic women had less than 10 years of work experience in 

1986. Of the total Hispanic women scientists, approximately 

15 percent were likely to be life (biology) scientists 

compared to five percent likely to be physical (chemistry, 

physics) scientists (Lane, 1988). Despite the growth of 

Hispanics and women employed in S/E during the 1980's, these 

populations continue to be severely underrepresented (Lane, 

1988). The underrepresentation of Hispanics and women in S/E 

is the result of low participation of these populations in 



undergraduate programs. Hispanics represented 3.8 percent of 

the S/E baccalaureate recipients in 1987. During the mid-

eighties, women received two-fifths of the S/E bachelors 

degrees (Lane, 1988). 

While these figures do indicate that there has been a 

rise in the number of minorities and women participating in 

science and engineering, the question arises as to whether 

even the present low participation can be maintained and, 

more importantly, increased in future yejurs. 

Demographic statistics predict that by the turn of the 

century minorities will have overtaken whites as the majority 

population in fifty-three major cities in the United States 

(Wiley, 1989). However, it is widely known that compared to 

whites a smaller proportion of minorities, ages 18 to 24, 

have graduated from high school. Hispanic persistence rate in 

the sciences has been 29 percent, as compared to the national 

figure of 79 percent (Wiley, 1989). 

Poor preparation in science and mathematics is said to 

be a major factor which limits the appeal of science and 

engineering to minorities and women. Improving science 

instruction is, therefore, imperative for preparation and 

retention of minorities in these disciplines. Science and 

engineering educators should be encouraged to investigate and 

evaluate the methods of science instruction currently being 

used. 



One area of scrutiny in education today is the 

traditional format of instruction which has not changed 

noticeably in S/E classrooms in decades. The characteristics 

are typically a textbook and lecture format delivered to a 

large group of students who sit quietly in neat rows and 

record notes. 

Several investigators have proposed that this format of 

instruction does not serve the needs of all students with 

different learning styles. That is, students with learning 

attributes which are likely to be unsuccessful, are not 

congruent with the traditional format of instruction. In 

fact, learning styles researchers suggest that at any give 

time during a traditional lecture one half to three quarters 

of the students are not learning effectively with this method 

(Samples and Hammond, 1985). 

In the past two decades a number of studies have found 

that student's achievement increases when the instructional 

methods match their learning styles (Domino,1971; Charkins, 

1985; Dunn, 1989; Piland, 1990). Unfortunately for most 

students, instructors usually teach using the same method by 

which they were taught (Marshall, 1991). The coincidence is 

that the instructors had experienced a good match of learning 

style and teaching style when they were students, hence they 

were successful (Marshall, 1991). The instructors are often 



left perplexed as to why all the students do not grasp the 

concepts equally when they instruct a class in the way it was 

taught to them. 

The definitions and applications of learning styles are 

as varied and unique as the researchers who formulated them. 

In an interview with Gordon (Rabianski-Carriuolo, 1989, p. 

18), he defined learning style as "characteristic ways of 

responding in learning situations." Researchers Dunn, Beaudry 

and Klavas (1981, p. 50) have suggested that learning styles 

are a "biologically and developmentally imposed set of 

personal characteristics that make the same teaching method 

effective for some and ineffective for others." The concept 

of learning styles as described by Kolb (1984, p. 38) is "the 

process whereby knowledge is created through the 

transformation of experience." McCarthy (1990) has designed 

an application to be used in teaching different learning 

styles called the 4MAT system based primarily on the work of 

Kolb. 

Although researchers have reported that students at all 

levels have greater motivation and perform at higher levels 

academically when instructional techniques compliment their 

learning styles, many instructors do not identify with the 

distinct characteristics of minorities. Ramirez (1973) has 

suggested that intellectual patterns observed are manifested 

as culturally unique learning styles. An abundance of 

literature has demonstrated three fundamental cultural 



characteristics of Hispanics (Vasquez, 1990). Hispanic 

students are distinquished by a sense of loyalty to the 

family (Vasquez, 1979; Ramirez and Castaneda, 1974), favor 

learning as a cooperative effort rather than a competitive 

one (Kagan and Madsen, 1971) and suffer from a shortage of 

ethnic role models (Vasquez, 1990). Individuals reared in 

traditional Hispanic families are taught and encouraged to 

always be cognizant that their actions and accomplishments 

are a reflection on their family (Ramirez et al. , 1974). 

Hence, Hispanics typically view interpersonal relationships 

with great regard and their commitment to mutual help results 

in cooperative achievement among members of their family. 

Many Hispanic students anticipate achievement in education 

through the medium of cooperative or group effort instead of 

through competitive activities (Vasquez, 1990). This 

cooperative value is in contrast to the idea of achievement 

through individual competition encouraged at all levels in 

our schools (Ramirez et al., 1974). Strong interpersonal 

relationships among Hispanics also illustrate the social 

reinforcement that typically these students seek. The 

shortage of ethnic role models for Hispanics in various 

professions makes it difficult for these students to aspire 

to consider these careers (Vasquez, 1979). People who serve 

as role models are important because their presence may 



suggest to students the possibility of entering the 

profession. 

Traditionally, educational institutions have chosen to 

ignore the culturally unique learning styles of members of 

minority groups (Ramirez, 1973). Hispanic educators have 

argued that educational programs which do not recognize the 

unique learning styles of the people they serve also do not 

provide culturally relevant learning environments. 

In this study the focus will be on the comparison of 

learning styles between Hispanic and Anglo students enrolled 

in chemistry in order to ascertain if there are any 

differences. 

Several investigators have described that women display 

a learning style which is different than that of men. The 

characteristic that differentiates these learning styles is 

based on "relationship to others" (Magolda, 1989; Belenky, 

Clinchy, Goldberger, and Tarule, 1986). The way women 

perceived knowledge is a result of their attachment to others 

(Belenky et al., 1986). Kolb (1986) has suggested that 

women's approach to learning may be affected by socialization 

and explained the differences found in learning styles to be 

a result of the socialization of men, which tends to be 

impersonal and logical, versus the socialization of women, 

which tends to be personal and caring. Gender differences in 

learning styles have been investigated by Kolb (1986). The 



findings revealed that women prefer concrete experience over 

abstract conceptualization. Kolb found that 59 percent of men 

were oriented toward the abstract and 41 percent were toward 

the concrete. For women, 59 percent were oriented toward the 

concrete and 41 percent toward the abstract. 

Statement of the Problem 

Although it is widely known that Hispanics and women are 

underrepresented participants in S/E education and employment 

in the United States, few studies have been conducted that 

investigate learning styles as a possible explanation why 

these populations typically do not choose S/E education and 

careers. In recent years the area of learning styles has 

received much attention; however, many problems and questions 

remain unanswered. One such problem is related to the need 

for additional data concerning possible differences between 

the learning styles of Hispanic and Anglo students. It is 

particularly important to ascertain ways to increase the 

numbers of Hispanic students enrolling in math and science 

courses. To date, it appears no studies have been conducted 

that provide answers to this problem. This study, therefore, 

attempts to analyze the learning styles of Hispanic and Anglo 

students in chemistry and to determine if learning styles are 

related to their successes. By examining this relationship 

the study should provide insight into the problem of low 



participation of Hispanic students in S/E programs and the 

under-representation of Hispanics in the S/E workforce. 

Indirectly, the study may also influence revisions in 

traditional S/E programs in colleges and universities. For 

the purpose of this research, this investigator perused the 

usual avenues of educational and psychological literature. An 

investigation of the ERIC database and a search of current 

government documents, journal articles and books pertaining 

to the topics of concern was completed. 

Purpose and Methodology of the Study 

The purpose of this study is to determine the 

differences between learning styles of Hispanic and Anglo 

students in chemistry in an effort to discover 

characteristics of the Hispanic student population that might 

lead to more effective educational practices for them. Using 

the Learning Style Inventory developed by David Kolb, it is 

the intent of this investigator to examine the learning 

styles of an intact group of Hispanic students enrolled in 

chemistry. The scope of this study intends to advance 

knowledge about learning styles of Hispanics. The selection 

of the participants is based on traditional or dualistic 

Hispanics enrolled in chemistry at Texas Southmost College in 

partnership with The University of Texas at Brownsville. 



Additionally, a questionnaire designed specifically for 

this study with the assistance of Dr. Michael Mezack further 

seeks to ascertain if there are differences in learning 

styles by gender. 

This is an exploratory case study using the methodology 

of comparing mean values with student t tests and chi square 

tests. The data are to be analyzed through the use of the 

VAX/VMS mainframe computer located at University of Texas in 

Brownsville in partnership with Texas Southmost College. All 

statistical tests were done using routines available in the 

Statistical Package for the Social Sciences (SPSSX). 

Research Questions 

1. Do significant differences exist between the 

learning styles of Hispanic and Anglo chemistry 

students? 

2. Do significant differences exist between the 

learning styles of Hispanic male and Anglo male 

chemistry students? 

3. Do significant differences exist between the 

learning styles of Hispanic female and Anglo 

female chemistry students? 

4. Do significant differences exist between the 

learning styles of male and female chemistry 

students? 
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5. Do significant differences exist between the 

grades earned by Hispanic and Anglo students is 

chemistry? 

6. Do significant differences exist between the 

grades earned by Hispanic male and Anglo 

male students in chemistry? 

7. Do significant differences exit between the 

grades earned by Hispanic female and Anglo 

female students in chemistry? 

Hypotheses 

Based on the review of the literature in Chapter II, the 

research questions in this study were tested using the 

following null hypotheses: 

1. There is no significant difference in the 

learning styles between Hispanic and Anglo 

students in chemistry, as measured by Kolb's 

Learning Style Inventory. 

2. There is no significant difference in the 

learning styles between Hispanic male and Anglo 

male students in chemistry, as measured by Kolb's 

Learning Style Inventory. 

3. There is no significant difference in the 

learning styles between Hispanic female and 
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Anglo female students in chemistry, as measured 

by Kolb's Learning Style Inventory. 

4. There is no significant difference in the grades 

earned between Hispanic and Anglo students in 

chemistry. 

5. There is no significant difference in the grades 

earned between Hispanic male and Anglo male 

students in chemistry. 

6. There is no significant difference in the grades 

earned between Hispanic female and Anglo female 

students in chemistry. 

7. There is no significant difference in the learning 

styles between males and females in chemistry. 

8. There is no significant difference in the grades 

earned between male and female students in 

chemistry. 

Significance of the Study 

Although in recent years the area of learning styles has 

received much attention, many problems and questions remain 

unanswered. One such problem is related to the need for 

additional data concerning possible differences between the 

learning styles of Hispanic and Anglo students. To date, it 

appears no studies have been conducted that provide any 

answers to this problem. This study, therefore, attempts to 

12 



analyze the learning styles of Hispanic and Anglo students in 

chemistry and to determine if learning styles are related to 

their successes. By examining this relationship the study 

should provide insight into the problem of low participation 

of Hispanic students in S/E programs and the under

representation of Hispanics in the S/E workforce. 

Indirectly, the study may also influence revisions in 

traditional S/E programs in colleges and universities. This 

will help to address important concerns about the ability to 

produce enough scientists and engineers to meet this 

country's future needs. Therefore, an important issue in 

higher education today is finding ways to encourage more 

minorities and women to pursue degrees in science and 

engineering. It is particularly important to ascertain ways 

to increase the numbers of Hispanic students enrolling in 

math and science courses. 

Limitations of the Study 

One limitation of this study is that it is an 

exploratory case study using an intact group of students from 

Texas Southmost College in partnership with the University of 

Texas at Brownsville. There will be no attempt to generalize 

the results of this study to all Hispanic and Anglo students 

taking chemistry. The results of this case study will be 
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based on descriptive data; therefore,no case-effect relation

ships can be inferred nor can predictive statements be made. 

Another limitation to the study is that the learning 

styles of the instructors were not measured with the Learning 

Style Inventory developed by Kolb (1984). The learning 

styles of the instructors would assist to ascertain their 

individual teaching styles. However, each instructor who 

taught the subjects in this study taught primarily in the 

traditional formal lecture format. The only deviations were 

that one instructor chose the blackboard to present material 

and another instructor used an overhead projector. 

A final limitation was that the data were not collected 

earlier in the semester before the official drop date of the 

college. It would have been helpful to have collected 

demographic data and identified the learning styles for those 

students who withdrew from the class. Enrollment for the 

combined sections of General Chemistry I at the start of the 

semesters surveyed was at 229 with 63 students withdrawing by 

the drop date. Enrollment for the combined sections of 

Introductory Chemistry at the start of the semesters surveyed 

was at 211 with 59 students withdrawing by the drop date. 
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Definition of Terms 

The following definitions are to be used for purposes of 

this study. 

1. Anglo—Persons whose race origins are from Europe 

excluding Spain; White. 

2. Dualistic—Adults speak Spanish, children speak 

English; the nuclear family is important; adhere to 

mixture of Mexican-Catholic and American-Catholic 

ideology; peer groups are relatively important; 

peer models have more influence than adults; group 

achievement is relatively important (Jimenez, 

1983). 

3. Cognitive style—Consistent individual differences 

in the preferred ways of perceiving and processing 

information. 

4. Hispanics—Persons whose race origins are from 

Mexico, Central and South America, Spain, and 

the Carribbean and who are Spanish-speaking. 

5. Learning modalities—Term used to describe sensory 

channels through which learners input and output 

information (Kuerbis, 1987). 

6. Learning Style Inventory—Instrument developed by 

David Kolb (1984) and used to ascertain learning 

style; LSI. 

7. Learning style—Note Cognitive style. 
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8. Traditional—The primary language in Spanish; 

immediate family is very important and extended 

family plays a major role; adhere to Mexican-

Catholic ideology; adults are important role 

models; modeling is an important teaching dynamic 

in the family; group and community competition are 

important; group achievement is very important 

(Jimenez, 1983). 

9- Teaching style—The various methods and techniques 

used by education practitioners to deliver 

information and motivate learning. 

10. S/E—Abbreviation for Science and Engineering. 

Summary 

As a consequence of a study t h a t measures l e a r n i n g 

s t y l e s of Hispanic and Anglo s tudents in chemistry , useful 

information w i l l be provided for a l l those concerned with 

chemical education. 

The d i s p r o p o r t i o n a t e l y low p a r t i c i p a t i o n i n S/E 

education and underrepresentat ion in S/E careers by Hispanics 

i s a problem t h a t must be addressed by t h e s c i e n t i f i c 

community. Contrary to the be l i e f t h a t the poor showing by 

H i s p a n i c s in S/E may be due t o a lack of a b i l i t y or 

motivat ion, many researchers are a t t r i b u t i n g t h i s problem to 
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teaching styles incongruent to the learning styles of 

Hispanic students. 

From an institutional point of view, a study of this 

nature may provide information that can provide a basis on 

which to revise the teaching styles and modes traditionally 

used in chemistry classrooms. Indirectly, this study may 

provide guidance for chemistry programs that may be directed 

toward increasing the numbers of students choosing chemistry 

as a major or minor in their college careers. 

In addition, this study, by focusing on Hispanics as 

subjects, will undoubtedly open the door for future studies 

that will utilize other minorities as informational sources 

relative to learning styles. The use of this information 

will lead to a greater participation of minorities in S/E 

education and the workforce. 
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CHAPTER II 

REVIEW OF THE LITERATURE 

Introduction 

From a preliminary review of the literature, it became 

apparent that this study focuses on a problem that has not 

been specifically investigated. Therefore, a rather unusual 

approach to the literature review has been adopted by this 

researcher. A survey of the literature indicates that 

numerous studies on learning styles have been conducted; but 

to date, this researcher found that no study has compared the 

learning styles of Hispanic and Anglo students in chemistry. 

Consequently, theories and concepts which will assist the 

reader in understanding the unique learning styles of 

Hispanics are included in the literature review. 

The first section of the literature review will present 

various learning style theories and ideas. The research of 

several investigators will be considered to introduce the 

numerous definitions of learning styles. This researcher is 

concerned with the confusion to the reader between the terms 

learning style and cognitive style, and will, therefore, 

refer to both as learning style. The effect of motivation 

and student achievement on matching teaching styles with 

learning styles will be investigated in the following 

section. 
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The third section of the literature review will focus on 

Hispanics. This researcher will introduce current statistics 

of Hispanics in employment and education in the United 

States. A discussion pertaining to some of the factors 

affecting the retention of Hispanics in higher education 

will follow. The learning styles of Hispanics and minorities 

will be provided to give insight to the reader of the 

cultural differences which appear to affect learning, 

particularly in science and math. 

A discussion of gender differences in learning styles 

will be provided in the next section. This will also include 

some theories of the gender differences in science and math 

learning. 

The last section of the literature review will discuss 

some cognitive factors important in chemistry achievement. 

Learning Style Models 

Learning style is a term used by educators to describe 

the way a student perceives, interacts, and responds to a 

learning situation. There are many learning style models 

because different researchers recognized individual 

differences based on their particular experiences and 

described them in nomenclature that made sense to them (Dunn, 

1990). Most researchers agree that learning style is a 

consistent way of functioning that learners exhibit. 
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Each of the learning style models advocates 

acknowledging the differences among individuals. Most of the 

models encourage teachers to adapt instruction to the manner 

in which individuals learn. Some of the models have a great 

deal of history and research behind them; however, most are 

based on limited research (Dunn, 1990). Cognitive, affective 

and physiological or psychomotor aspects serve as indicators 

of how students learn. Learning style has a cognitive 

dimension because students perceive and gain knowledge 

differently. Some students need concrete experiences as in a 

laboratory, while others learn through more passive 

experiences typical of a lecture. The affective aspect 

involves motivational and emotional attributes in learning; 

that is, some students are logical while others are led more 

by their hearts. Some students' responses are biologically 

or physiologically based meaning the time of day, sound, 

light and temperature can all influence the student's 

learning (Dunn, 1990). 

Modern learning style concepts have a history that 

includes educational and psychological ideas. Hippocrates 

identified four distinct personality types: Sanguine, 

Chloleric, Melancholy, and Phlegmatic (Kuerbis, 1987). In 

1921 German psychologist Carl Jung studied and reported on 

psychological types based on cognitive style differences. 

Katherine Briggs and her daughter Isabel Briggs Myers 
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conducted research on different styles based on the 

psychological theories of Jung (Kuerbis, 1987). Using Jungian 

theory these researchers proposed four basic psychological 

styles. Extensive research which followed during the 1960's 

found that differences in learning styles were the result of 

differences in psychological type (Claxton and Murrell, 

1987). The Sensing/Thinking psychological type was defined 

as realistic and pragmatic; one who prefers to learn through 

sensing rather than through abstract ideas. The 

Sensing/Feeling psychological type was identified as an 

individual who prefers to learn by using his/her feeling 

skills more than using his/her sense of logic. The 

Intuitive/Thinking psychological type was defined as an 

intellectual and knowledge-oriented learner. The 

Intuitive/Feeling personality type was identified as an 

intuitive rather than a sensing learner (Kuerbis, 1987). 

During the 1950's and early 1960's, science educators 

began to explore curricula and the developmental psychology 

of Jean Piaget (Kuerbis, 1987). Piaget's work identified four 

major stages of cognitive growth that emerge from birth to 

about age fourteen. 

Research on personality styles as they related to 

students began to appear in the literature in the 1970's. 

Two related terms emerged during this time: learning 

modalities, used to describe sensory channels through which 

learners input and output information; andcognitive style, 
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used to describe ways learners work with information 

(Kuerbis, 1987). Both of these terms collectively became 

known as learning style. 

During the past decade or so various models of learning 

styles based on experiential learning theory have been 

proposed. The following is an outline of the more popular 

models. 

The learning style model developed by Rita and Kenneth 

Dunn acknowledges the concept of experiential learning theory 

by analyzing five basic elements which have an affect on 

learning (Dunn and Dunn, 1978). These five elements are 

Environmental (sound, light, temperature, room/furniture 

design); Emotional (motivation, persistence, responsibility, 

structure); Sociological (self, peers, team, adult); Physical 

(perceptual strengths, intake, time, mobility); and 

Psychological (global-analytical, hemispherical, impulsive-

reflective) (Dunn and Dunn, 1978). Theses elements take into 

account the varying levels of intelligence and diversified 

cultural backgrounds of students (see Figure 2.1). The Dunns 

recognize that students have had varied emotional and 

psychological experiences which sometimes can hinder 

learning. Through their research with the New York State 

Education Department, the Dunns have developed innovative 

instructional strategies which advocate the concept of 

individual instruction to compliment learning styles. 
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Dunn's Learning Style Model (Dunn, 1978) 
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Another dimension of experiential learning is 

illustrated by the research of Herman A. Witkin in his work 

involving field dependence and independence. Witkin designed 

experiments in which he tested whether individuals were 

influenced by surrounding fields (Claxton and Murrell, 1987). 

In the rod-and-frame experiment, a subject was placed in a 

darken room and shown a luminated rod inside a luminated 

frame. The subject was asked to position the rod vertically 

as the frame was slanted. Some subjects positioned the rod 

aligned with the slanted frame and perceived it as vertical. 

These subjects were identified by Witkin as field-dependent 

because they were heavily influenced by the surrounding field 

(Witkin, 1976). Other subjects positioned the rod vertically, 

irrespective of the slant of the frame. These subjects were 

identified as field-independent because they were relatively 

uninfluenced by the surrounding field. Witkin found that not 

only do field-dependent and independent subjects differ in 

their perceptual ability, but they also differ in their 

social interaction. Witkin described that a person who is 

influenced by a visual frcime in his perception, as in his 

experiment, will also use a social frame of reference to 

define his attitudes, feelings, and beliefs. Socialization 

and child-rearing experiences have been identified as very 

important factors which contribute to the development of 

field-dependence/independence. Persons who were encouraged to 

be autonomous at an early age are more likely to be field-
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independent and favor areas of study that call for analytical 

skills (Claxton and Murrell, 1987). The field-independent 

learner is characterized by the following: task oriented, 

motivated by individual competition, works well alone, not 

affected by outside stimuli such as the instructor when 

solving a problem (Jimenez, 1983). Persons who were reared to 

seek the approval of authority figures and peer groups are 

more likely to be field-dependent and favor areas of study 

that call for extensive interpersonal relations (Claxton and 

Murrell, 1987). The field-dependent learner is characterized 

by the following: works well in groups, motivated by group 

competition, affected by outside stimuli such as the 

instructor when solving a problem, influenced by affective 

variables in learning (Jimenez, 1983). 

The learning style model developed by Anthony Gregorc 

recognizes that learners perceive on a continuum that range 

from concrete experience through abstraction. Additionally, 

in each of these modes, a learner may order information and 

knowledge on a continuum that ranges from random to 

sequential .(Kuerbis, 1987). These two continue combine to 

give four distinct patterns of learner preference (Claxton 

and Murrell, 1987). 

The concrete sequential learner relies on deriving 

information through direct, hands-on experience. He 

appreciates order and logical sequence. He also exhibits a 

high level of sensory sensitivity. The concrete random 
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learner emphasizes learning with an experimental, trial-and-

error approach. He is more likely to make intuitive leaps in 

structured situations and works well independently or in 

small groups. The abstract sequential learner emphasizes 

working with written and verbal symbols. He tends to think 

abstractly and prefers to read and listen from orderly 

presentations. The abstract random learner relies on mood 

and atmosphere. He prefers to receive information in an 

unstructured manner and likes group discussions (Claxton and 

Murrell, 1987). 

The learning style model proposed by Bernice McCarthy is 

based on the work of David Kolb. Utilizing the concept of 

experiential learning, McCarthy (1990) has developed a method 

of instruction that appreciates individual learning styles 

and brain dominance processing preferences. McCarthy (1990) 

also proposes that people perceive reality and process 

experiences and information differently. Some learners 

respond primarily by sensing and feeling, while others think 

through things. Those learners who perceive in a 

sensing/feeling way project themselves into the reality and 

attend to the actual experience. Those learners who think 

through experiences attend more to the eUastract dimensions of 

reality. Some learners are watchers; that is, they reflect 

on new things and deliberate choosing of perspectives. Other 

learners are doers and extend themselves into the world 
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(McCarthy, 1990). The following is a description of the 

learning styles identified by McCarthy (see Figure 2.2). 

The imaginative learner perceives information concretely 

and processes it reflectively. He has difficulty making 

decisions because he sees all sides of a situation. He is 

interested in people and culture. The analytic learner 

perceives information abstractly and processes it 

reflectively. He learns by thinking through ideas and values 

sequential thinking. He sometimes enjoys ideas more than 

people. The common sense learner perceives information 

abstractly and processes it actively. He learns by testing 

theories and applying common sense. This learner is skills-

oriented and likes to experiment. The dynamic learner 

perceives information concretely and processes it actively. 

He learns by trial-and-error. This learner is a risk taker 

who is at ease with people (McCarthy, 1990). 

Although McCarthy (1990) has identified and defined four 

major learning styles in her "4MAT System," she stresses the 

need for learners to engage in whole-brain functioning due to 

the fact that the human brain is composed of two hemispheres 

which are used for different processes. The left side of the 

brain functions to process information systematically. The 

right side of the brain functions to process patterns and 

connections. Learning is approached using left and right 

brain functions. McCarthy advocates that integrating 

all four learning styles in teaching will allow 
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learners to be comfortable some of the time and be challenged 

and stretched at other times. 

David Kolb (1984) proposed a learning style theory based 

on experiential learning. This theory emphasizes the idea 

that experience has a major role in the learning process. 

Learning is defined by Kolb as "the process whereby knowledge 

is created through the transformation of experience" (1984, 

p. 38). Kolb has modeled his idea of experiential learning 

from other learning theories which also have experiential 

learning as a common characteristic. Each of the models which 

Kolb used to base his theory of experiential learning have 

some common characteristics (Kolb, 1984). The Lewinian model 

recognizes that learning is an integrated process that begins 

with an experience followed by a collection of data and 

observations about that experience (see Figure 2.3). In 

Kolb's model learning is perceived as a four stage cycle (see 

Figure 2.4). A learner's concrete experience is the basis for 

observation and reflection. The observations are assimilated 

into new implications which then serve as guides in creating 

new experiences (Kolb, 1984). 

John Dewey's model of the learning process also was used 

to base the experiential learning model by Kolb. The emphasis 

of the Dewey's model is one in which learning is a dialectic 

process integrating experience and concepts, observations, 

and action (see Figure 2.5). 
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Kolb's Cycle Of Learning (Kolb, 1984) 
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The l ea rn ing model proposed by Piaget i s a l s o s imi l a r t o the 

e x p e r i e n t i a l l e a rn ing models. According t o P iage t , l ea rn ing 

occurs v ia the i n t e r a c t i o n of the process of accommodation of 

concepts t o exper ience and the process of a s s i m i l a t i o n of 

expe r i ences from the world i n t o e x i s t i n g concepts (Kolb, 

1984) . P i a g e t ' s work i d e n t i f i e d four major s t a g e s of 

cogni t ive growth t h a t emerge from b i r t h t o about age fourteen 

(see Figure 2 . 6 ) . In e x p e r i e n t i a l l earn ing theory , l ea rn ing 

i s expla ined as a continuous p rocess ; ideas are not f ixed 

elements of thought but are formed and reformed 

through e x p e r i e n c e . That i s , knowledge i s c o n t i n u o u s l y 

de r ived from and t e s t e d out in the exper iences of t h e 

l e a r n e r . Each of the models d e s c r i b e s c o n f l i c t s between 

opposing ways of deal ing with the world; t he re fo re , l ea rn ing 

r e s u l t s from re so lv ing these c o n f l i c t s . Ef fec t ive l e a r n e r s 

need four d i f f e r en t kinds of a b i l i t i e s in order t o achieve 

new knowledge, s k i l l s or a t t i t u d e s (Kolb, 1984). These 

a b i l i t i e s a r e c o n c r e t e e x p e r i e n c e (CE), r e f l e c t i v e 

observat ion (RO), ab s t r ac t conceptual izat ion (AC), and ac t ive 

exper imenta t ion (AE). As a r e s u l t of a l e a r n e r ' s he r ed i t a ry 

h i s t o r y , h i s p a s t l i f e exper ience , and the demands of h i s 

p r e s e n t environment, he w i l l develop a l ea rn ing s t y l e t h a t 

emphasizes some of these a b i l i t i e s over o thers (Kolb, 1984). 

Another c h a r a c t e r i s t i c of e x p e r i e n t i a l l ea rn ing i s the idea 

of t r a n s a c t i o n between the learner and the environment. This 

concept implies there i s a r e l a t ionsh ip between objec t ive 
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conditions and subjective experience (Kolb, 1984). Kolb 

developed an instrument to measure four basic learning styles 

of individuals. The following is a description of the 

learning styles identified by Kolb (see Figure 2.7). 

The convergent learning style relies on the dominant 

learning abilities of abstract conceptualization and active 

experimentation. This type of learner has greatest strengths 

in problem solving, decision making, and practical 

application of ideas. He prefers dealing with technical 

tasks and problems rather than social and interpersonal 

issues. 

The divergent learning style emphasizes concrete 

experience and reflective observation. This type of learner 

has greatest strengths in adaptation by observation rather 

than action. He prefers dealing with people and tends to be 

imaginative and feeling-oriented. 

The assimilation learning style relies on abstract 

conceptualization and reflective observation. This type of 

learner has greatest strengths in inductive reasoning and the 

ability to create theoretical models. He is less focused on 

people and more concerned with ideas and abstract concepts. 

The accommodative learning style emphasizes concrete 

experience and active experimentation. This type of learner 

has greatest strength in carrying out plans and tasks, 

seeking opportunity, and taking risks. He is at ease with 

people but sometimes he is seen as impatient (Kolb, 1984). 
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Teaching Styles and Learning Styles 

The effect on student achievement by matching teaching 

styles with learning styles has been investigated in detail. 

The literature provides differing viewpoints and conclusions 

from various educators and investigators. Most predominate in 

the literature were the theories and concepts which supported 

matching teaching styles to student learning style. 

Learning style researchers are convinced that at any 

given moment in the classroom one half to three quarters of 

the students are not learning near their optimum level. Only 

one quarter of the students profit the most from a single 

approach to instruction (Samples and Hammond, 1985). The 

goal, therefore, is to reach all students with effective 

pedagogy directed toward improved learning. 

The consequences in terms of improving science and math 

instruction becomes more evident in view of the declining 

interest of U.S. students to major in these disciplines. Most 

students report notoriously poor educational experiences in 

science and math courses. Too often science and math 

educators expect the next generation of scientists to evolve 

independent of their pedagogy. Students discover that college 

science and math courses are unapologetically competitive, 

selective, and intimidating. According to Tobias (1990) 

introductory and freshman level science and math courses are 

often viewed as filters to winnow out all but the "top tier" 

since a majority of students who enroll in them never go on 
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to further study. Higher education in science and math has 

produced a system that for the most part alienates students, 

beginning with their earliest experiences (Steen, 1991). The 

decline in the scientific pipeline can be reversed if 

introductory and freshmen level science and math courses are 

used as pumps rather than filters to weed out students 

(Steen, 1991). 

Tobias (1990) has identified that the filter mode of 

science and math instruction is largely responsible for the 

decline in interest. One third to one half of those college 

students who initially indicate an interest in science leave 

the field. The number of students who leave science and math 

might in fact be enough to prevent the shortfall of United 

States scientists and engineers that has been widely forecast 

for the coming decade (Felder, 1993). Tobias (1990) describes 

this decline as "hemorrhaging" and urges the science and math 

community to address this long ignored problem by identifying 

the able students and finding out why they are put off by 

science. She further stresses that changes in recruitment, 

rewards, and opportunity structures need to be implemented in 

order to match the student's temperaments and needs. 

Each year the science and math community inhibits the 

recruitment of intelligent and ambitious college students by 

portraying a narrow collection of attributes, behaviors 

(i.e., learning styles) and lifestyles that scientists should 

display (Tobias, 1990). These usually include the collection 
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of stereotypical attributes such as self-motivated, 

extraordinarily self-confident, indifferent to material 

outcomes, single-minded, and single-tracking. The assimilator 

or converger learning styles defined by Kolb (1984) are 

usually associated with the above traits and are exhibited by 

many scientists and mathematicians. As a result, many 

potential students have reasons to conclude there is no place 

for them in these disciplines. Some minorities perceive 

scientists and mathematicians as being highly intellectual, 

inflexible and socially isolated; traits usually not highly 

valued in minority cultures (Jones, 1986). Ramirez and 

Castaneda (1974) suggested that field-dependent and field-

independent teachers tend to be clustered in different areas 

of instruction with field-independent teachers tending to be 

in science and mathematics. Cognitive style may help to 

explain the unpleasant image of scientists and mathematicians 

held by so many ethnic minority students. Until a recent 

National Science Foundation study, science and math educators 

assumed that the reason students left was because they were 

unable or unwilling to do the work. The study revealed that 

of the college freshmen who switched to other majors, only 31 

percent did so because they found the course work too 

difficult; and 43 percent found other fields more interesting 

(Tobias, 1990) 

The low representation of women as well as racial and 

ethnic minorities in science and math may not necessarily be 
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blamed on social discrimination but rather on the 

discrimination brought on by the concept of a "true" 

scientist. Tobias (1990) suggests the science community can 

increase the pool of recruits, particularly women and 

minorities, by offering them a new definition of the concept 

of a scientist which includes different attributes. 

Understanding learning style needs can assist science 

and math educators in capturing the "pump mode" of 

instruction with variety in teaching styles and rupturing the 

"filter mode" of instruction with its ineffective teaching 

patterns (Guild, 1989). Historically, science and math 

instruction has involved teaching facts by lecture and 

problem solving techniques by example. Students who benefit 

from this mode of instruction are identified by Kolb (1984) 

as assimilators and have learning styles with preference for 

passive listening to abstract material. During the 1960's 

and 1970's curriculum revision efforts emphasized the "hands-

on" approach which provided effective instruction to students 

identified by Kolb as convergers. In the zeal to move to 

process approaches of instruction which favored the converger 

learning style, the assimilator learning style was de-

emphasized. Science and math educators were little concerned 

during this time with the divergent and accommodative 

learning styles as these students typically sought personal 

relevance in learning (Samples and Hammond, 1985). 
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Identifying learning styles as a basis for providing 

responsive instruction has never been more important than now 

as science and math educators meet the needs of a diverse 

student population and seek ways to improve the decline in 

the science and math pipeline. In an experiment by Tobias 

(1990), a sunrnia cum laude graduate in literature was asked 

to seriously audit an introductory physics class and record 

his observations in a journal. The student reported that he 

felt patronized by the teaching style of the professor. He 

recorded that the professor is the "keeper of the 

information" and that he "does examples the right way." The 

students were to learn by mimicking the approach the 

professor used as accurately as possible. The graduate 

student noted that the already difficult subject matter was 

made more difficult and frustrating by the pedagogy. 

In another experiment by Tobias (1990), a history 

graduate was asked to record her observations of an 

introductory chemistry class. The student noted that the 

material presented was "dry, factual, and rule-ordered." The 

chemistry professor agreed with the student but explained 

"that it has to be that way." The student recorded that the 

professor rarely allowed the material to "come alive for 

her." The student did observe that she learned best when 

the professor demonstrate a chemical concept. As the physics 

41 



student in Tobias's other experiment, this student reported 

that she found the professor's tone to be patronizing. 

Both of Tobias's students indicated that their fellow 

students in the courses were relegated to complete passivity 

in the classroom, more concerned with competition for grades 

than cooperative learning, and taught to focus on algorithmic 

problem solving as opposed to conceptual understanding. 

The findings of Green and Parker (1989) supported Kolb's 

contentions that individuals possessing different learning 

styles behave differently in a college environment. Learning 

style advocates would point out that the two students in 

Tobias's experiments were experiencing conflicting teaching 

style and learning styles mismatches and that the professors 

in each class failed to address the concept of learning style 

differences (Felder,1993) . The students had previously 

demonstrated a clear learning ability but were frustrated and 

lost in the traditional science and math schooling. Both 

students had a prior history of success in higher education 

in areas of the humanities. These students with learning 

style preferences which fell outside the expectations of 

traditional science and math instruction could be at-risk of 

failure because their strengths were not accommodated by the 

lecture format of instruction (Marshall, 1991). Science and 

math educators can easily identify the following elements of 

the traditional instructional format: students in rows, 

quiet learning environment, teacher dominant, whole group 
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instruction, textbook/lecture format, and learning by 

looking/listening (Marshall, 1991). The assumption of many 

science and math educators is that this formula for 

instruction is appropriate for all students or at least for 

"good students." Learning style research has shown that 

students who have been identified by their teachers as being 

poorly achieving actually had learning style strengths that 

were not supported within the traditional framework of 

instruction (Marshall,1991). 

Students who experience mismatches with the prevailing 

teaching style of most science and math courses tend to get 

lower grades than students whose learning styles are better 

matched to the instructor's teaching style (Felder,1993). If 

the mismatches are extreme, the students are more likely to 

lose interest in science and math and be among the large 

number who switch to other fields. Seymour (1992) reports 

that complaints about poor teaching and difficulties in 

eliciting help with academic problems were raised by 88.5 

percent of all students who switched from a science, 

mathematics or engineering (SME) major to a non-SME major. 

Thirty percent of switchers reported that poor teaching had 

directly contributed to their decisions to leave their SME 

major. "Bad teaching" as defined by the SME students in 

Seymour's study encompassed the following characteristics: 

lecturing (rather than explaining, illustrating, applying, or 

discussing), inability or refusal to explain difficult ideas 
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in more than one way, reading from texts as a substitute for 

explanation, "silent teaching" (writing on the blackboard 

rather than explaining material), dullness of material and 

style of presentation. The most serious outcome for the 

science and math community is the potential loss of excellent 

members. 

Matthews (1991) conducted research to discover the 

learning styles of first-year college students at four-year 

colleges and universities in a Southern state. The student's 

learning styles were determined using the Learning Style 

Inventory developed by Albert A. Canfield. The study 

revealed that first-year students indicated a need for 

dependency on the instructor, organized course work and 

specific requirements to be assigned (Matthews, 1991). When 

areas of interest were examined, the group chose working with 

other people over numerics and qualitative objects (Matthews, 

1991). Mode of learning preferences were direct experiences 

or visuals. Males in the study preferred working with peers, 

using numbers, and handling inanimate objects more than 

females did (Matthews, 1991). Females indicated that they 

liked organization, detail, language activities, and people 

more than males did (Matthews, 1991). It appears from this 

study that males and females may differ in their learning 

styles. 
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Despite individual differences in students, most 

teachers adhere to the traditional format of instruction and 

continue to direct the blame toward nonachieving students and 

their perceived shortcomings. As is described by learning 

style research, the majority of the learning problems 

experienced by students are within the teacher's control 

(Marshall, 1991). it is important to stress that teachers 

also have their own learning style (Stice, 1987). Typically, 

when teachers are asked why they teach as they do, the most 

common responses indicated that it was the way they were 

taught and that they had been successful. Reinforced by 

their successes within the system, they returned to continue 

this instructional pattern (Marshall, 1991). 

According to Waldheim (1987), the methods used to 

transmit information to students determines how easily they 

learn. Students who process information in the visual mode 

create mental pictures and learn more effectively from visual 

images such as pictures, diagrams, graphs, and schematics 

(Waldheim, 1987). If something is simply said and not shown 

to visual learners, there is a higher probability they will 

not retain the information (Felder, 1988). Most college 

students are visual learners while the information presented 

is predominantly auditory, as in the lecture format. A 

learning style and teaching style mismatch thus exists 

(Felder, 1988). 
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Ninety percent of teacher groups surveyed reported that 

they had a preference to learn alone, as opposed to learning 

cooperatively. The teachers reported that they found it 

distracting to concentrate and learn with others and, 

therefore, assumed that if students interacted with others it 

would also be distracting, an assumption based on their own 

learning style (Marshall, 1991). 

Felder (1988) reports that learning styles of most 

engineering students and teaching styles of most engineering 

professors are incompatible. Most engineering courses 

emphasize concepts rather than facts and use primarily 

lectures and readings to transmit information which favors 

intuitive learners. Intuitive learners use their strengths of 

ideas, insights and imagination to process information. The 

majority of engineering students are sensor learners with 

strengths involving observation, data gathering through 

senses, and physical sensations in order to process 

information. The intuitive teaching style and the sensor 

learning style mismatch was found in both chemical and 

electrical engineering courses in which intuitive students 

invariably received higher grades than sensing students 

(Felder, 1988). 

Sharma (1987) researched the relationship of learning 

styles to success in computer science courses. The MBTI was 

used to type the student's personality. Sensing types tended 
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to complete the tasks sooner than the Intuitive types. 

Persons who were typed as Extraverts overwhelmingly tended to 

drop out of the computer tasks. The results concluded that 

students who tend to quietly concentrate, pay attention to 

details, have a talent to memorize facts, and stay with a 

single task until completion were more likely to succeed in 

computer science courses. The study suggested to the 

computer science educators that learning styles should be 

considered in planning programs and strategies to maximize 

student's success in these courses. Some of the specific 

changes for improving the instruction for Extravert-

Intuitive-Perceiving personality types would be to provide 

mini-lectures for clarification, more interaction among 

students, permission for two or three students to work at a 

terminal, frequent question-discussions sessions, and pop 

quizzes to keep learners on task. 

Students whose learning styles are compatible with the 

teaching style of the teacher (see Figure 2.8) retain 

information longer, apply it more effectively, and have more 

positive post-course attitudes toward the subject than do 

students who experience mismatch in learning style and 

teaching style (Felder, 1993). 

Dunn and Dunn (1990) have shown that students at many 

institutions and at varying academic levels have demonstrated 

statistically significant increases in academic achievement 

when they were shown how to study and do homework through 
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possessor of the rewards he achieves (Ramirez and Casteneda, 

1974). 

Irugo (1989) reports that what is personal space for an 

Hispanic is intimate space for an Anglo-American; and in a 

conversation between the two, the Anglo-American often 

attempts to back away while the Hispanic tries to maintain 

the space. The result is that Anglo-Americans may see 

Hispanics as being too close, pushy, or sexy; while Hispanics 

may see Anglo-Americans as being aloof, cold, or 

uninterested. Hispanics not only interact at a closer 

distance than Anglo-Americans do, they also touch each other 

more. Greetings between women always include a hug and a 

kiss; between men it is a hug and back-slapping. Most 

Hispanic children expect to be hugged, patted, and squeezed 

by adults, including their teachers, and respond well to it. 

Another trait of Hispeuiic youths is their continual need 

for ethnic role models (Vasquez, 1990). Data from the U.S. 

Bureau of the Census (1990), for example, show that in a 

number of selected professions, Spanish-surnamed individuals 

are virtually nonexistent. The Hispanic youths' professional 

aspirations are profoundly influenced by the presence or 

absence of role models in their awareness (Vasquez, 1990). 

Hispanics scored higher that Anglo-Americans on need 

succorance, guidance, direction, and support from authority 

figures (Ramirez and Casteneda, 1974). The 

underrepresentation of Hispanics in mathematics-related 
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careers may better be attributed to lack of role models. 

People who serve as role models are important because their 

presence may suggest to students the possibility to entering 

the profession (Valverde, 1984). 

Students at all levels find greater motivation and 

perform at higher levels academically when instructional 

methods complement student learning characteristics (Vasquez, 

1990). However, the cultural styles of minority groups often 

place emphasis on skills and norms which are in total 

conflict with the middle-class orientation of most schools 

(Smith, 1986). Rendon and Nora (1989) reported that high 

levels of congruency between students and their environments 

lead to high levels of credential attainment, hours earned 

and goal satisfaction. If minority groups are to be retained 

within the educational system, they need to perceive their 

educational experiences in a positive manner (McCool, 1984). 

It would be an error to assume that minority populations 

learn best through a single instructional method because 

within any group, individuals will differ. However, the 

research does indicate that educators should expect larger 

numbers of minority populations to display particular 

learning styles that differ from the population at large 

(Griggs, 1989). 

Ramirez (1973) brings to light the concern of minorities 

in the United States. Many minorities perceive that their 

values and lifestyles which differ from those of the middle 
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class are inferior and, therefore, must be abandoned. He 

argues that a "culture-is-damaging" model has been applied in 

the development of educational programs for minorities in the 

United States. Many Hispanic children have been assigned to 

classes for the mentally retarded merely because they were 

unfamiliar with information familiar to children of middle 

class culture. Ramirez (1973) reports that the culturally 

unique learning styles of minority groups have been rejected 

or ignored. 

The relationship between teacher expectation and student 

achievement has been researched rather thoroughly. Teacher 

expectations, along with the teaching behaviors that 

accompany them, influence and are influenced by student's 

performances (Brown, 1990). Hilliard (1989) reports that if a 

teacher mistakes a student's different cultural style for 

lack of intellectual potential, the student will likely 

become educationally deprived as the teacher "teaches down" 

to the estimated level, thus simplifying, fragmenting and 

slowing the pace of instruction. Clashes between teaching and 

learning styles can occur when Anglo-American teachers, who 

are probably field-independent, work with Hispanic students, 

who tend to be more field-dependent (Irujo, 1989). The 

concept of field-dependent/independent provides some 

interesting insights into the dynamics of interpersonal 

perceptions between teacher and student. Teachers tend to 

rate students of their own learning style as more successful 
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than those of the opposite style and field-independent 

teachers are more critical in grading field-dependent 

students (Ramirez, 1973). 

The real issue is not getting teachers to hold high 

expectations for all students, but rather ensuring that 

teachers command the skills, strategies and techniques that 

produce high levels of achievement (Brown, 1990). If 

minorities are to enjoy the benefits that should accrue from 

instruction, educators must devise strategies that allow 

minority cultures to figure prominently in the learning 

process (Brown, 1990). Educators should examine a 

pedagogically sound approach that uses what students already 

know to assist them in acquiring the skills they want to 

teach (Brown, 1990). Educational programs which are not 

based on the unique learning styles of the students they 

serve do not provide culturally relevant learning 

environments and are culturally undemocratic (Ramirez, 

1973). 

Anderson (1988) reports that the absence of 

identification of the learning styles of minority students in 

retention programs in colleges and universities is the 

ethnocentric assumption that minorities do not have a valid 

and substantive cognitive framework which may be different 

but equally effective for them. There is evidence that 

Anglo-American teachers positively reinforce Anglo students' 

classroom contributions more frequently that those of 
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Hispanic or Afro-American students (Griggs and Dunn, 1989). 

However, many teachers are unable to identify distinctive 

traits among ethnic minorities that require a unique set of 

instructional strategies if acceptable levels of learning are 

to be experienced (Vasquez, 1990). 

There exists no conclusive evidence of neurological or 

genetic differences in cognitive ability among racial or 

ethnic groups. When performance on fifteen cognitive 

variables by European-Americans and Asian Americans were 

compared, no significant difference was found in cognitive 

structure (Olstad, Juarez, Davenport and Haury, 1981). It has 

been suggested that ethnic differences in learning styles may 

be responsible for ethnic differences in academic performance 

(Jones, 1986). The preferred learning style used by 

minorities is often incompatible with current school 

practice. The incompatibility may be greater in science and 

mathematics as they are currently taught than in other 

content areas since analytic skills, impersonal orientation, 

and working independently are more heavily relied upon for 

success (Olstad, Juarez, Davenport and Haury, 1981). 

Anderson (1988) suggests that different minority groups 

with different cultural histories, adaptive approaches to 

reality, and socialization practices would differ concerning 

their respective learning styles. Because the social, 

cultural, and environmental aspects of minority groups 

differ, educators should expect these differences to be 
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reflected in students respective learning styles. Those 

values fostered by a particular minority group seem to 

influence child-rearing practices in the home; these in turn 

influence learning styles (Jimenez, 1983). Values and 

socialization styles determine or affect development of 

learning style as children develop preferences for certain 

types of rewards and are more motivated by culturally 

appropriate incentives (Ramirez and Castaneda, 1974). 

Several researchers have examined comparisons in 

cultural diversity with particular cognitive modes. Larson 

and Bealer (1984) studied children from three culturally 

diverse coitununities (rural, suburban-homogeneous, and 

suburban-heterogenous) to determine if culture influenced the 

development of formal reasoning ability. They reported 

evidence that persons living in relatively isolated 

communities are not provided the diversity of stimuli and 

discourse needed for the development of formal reasoning 

patterns. Formal reasoning develops when individuals are 

confronted with diverse opinions regarding issues of 

relevance such that the individual is forced to consider 

alternatives and reflect upon their respective validity. It 

seems that cultural contexts that do not present a diversity 

of experience and thought fail to provide the stimuli needed 

to provoke an intellectual awakening. 
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Anderson (1988) reports that Africans' psychological 

orientation is more affective than that of Anglo-Europeans. 

He explains that faith, reason and the emotions are mutually 

dependent for the African, a view that differs from that of 

the Anglo-European in that things that are contemplated, 

experienced, and lived are separable. 

O'Donnell and O'Donnell (1987) studied the difference in 

cognitive preference scores of first year algebra students 

classified by ethnic group (Hispanics, Afro-Americans, 

Anglos, and Orientals). The results of the study revealed 

that Oriental students were found to have significantly 

higher graphic scores than Afro-Americans, Hispanic students 

were found to have significantly higher verbal scores than 

Orientals, and Afro-American students were found to have 

significantly higher symbolic scores than Hispanics. 

Ramirez and Price-Williams (1974) show that Hispanic and 

Afro-American children tended to be more field-dependent 

while Anglo-American children were more likely to be field-

independent. They reported that it was not unreasonable to 

conclude that child socialization practices and cultural 

influences contributed to this phenomena. These learning 

styles are tied to culture through child rearing patterns. 

Authoritarian, agrarian societies which are highly socialized 

and have strict child-rearing practices tend to have more 

field-dependent children, while democratic, industrial, 

competitive societies with freer child-rearing norms produce 
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more field-independent children (Irujo, 1989). Ramirez 

(1973) reported that Hispanic children tend to be field-

dependent and do best on verbal tasks. He also reported they 

learned materials more easily which have humor, social 

content, and sensitivity to the opinions of others. 

In a study comparing learning styles of Jewish-American 

and Anglo-American children. Orthodox Jewish boys scored more 

often in the direction of field-dependent while Anglo-

American Protestant boys scored in the direction of field-

independent. The socialization practices of the Orthodox 

Jewish family is one which tends to be characterized by a 

mother who is dominant and a child who forms a close 

relationship with her (Ramirez and Castaneda, 1974). 

More (1989) reported that non-Native American elementary 

students are slightly more field-independent than Native 

American elementary students from two relatively isolated 

Indian villages. Haukoos and Satterfield (1986) reported 

that when oral-linguistics and nonoral-visual tasks were 

compared between Navajo and Anglo-American children, the 

Navajo children were far less oral-linguistic, but were 

strikingly more nonoral-visual. Visual-perception abilities 

of Native American children are in fact superior to non-

Native American children (Haukoos and Satterfield, 1986). 

Swisher and Deyhle (1989) reported on the extraordinary 

accuracy of Eskimos in memory of visual information in that 

their figural and spatial abilities enable them to draw maps 
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of the t e r r a i n which are accura te in s i g n i f i c a n t d e t a i l . In 

a s tudy of co l l ege biology s tuden t s , Haukoos and S a t t e r f i e l d 

(1986) r e p o r t e d t h a t Native American s t uden t s were more 

v i s u a l l i n g u i s t i c than audi tory l i n g u i s t i c and prefer red not 

t o express themselves o r a l l y . Native American c h i l d r e n 

p re fe r t o l ea rn p r i v a t e l y . Swisher and Deyhle (1989) reported 

t h a t Navajo c h i l d r e n observe and review an a c t i v i t y 

r epea t ed ly in t h e i r heads before at tempting t o perform the 

t a s k b e f o r e an a u d i e n c e . There i s ev idence of t h e 

p r e d i s p o s i t i o n of Native American ch i ld ren t o p a r t i c i p a t e 

more r e a d i l y in group or team s i t u a t i o n s . Mil ler and Thomas 

(1972) repor ted dramatic differences between Blackfoot Indian 

c h i l d r e n and Anglo-Canadian c h i l d r e n . The Anglo-Canadian 

c h i l d r e n behaved compet i t ively while the Blackfoot ch i ld ren 

c o o p e r a t e d i n a game which p e r m i t t e d c o m p e t i t i v e o r 

cooperat ive behavior but rewarded cooperative behavior. Many 

Native-American chi ldren tend to avoid individual competition 

and they usua l ly do not parade t h e i r knowledge before o the r s 

nor t r y t o appear b e t t e r than t h e i r peers (Swisher and 

Dehyle, 1989). 

The more ass imi la ted the minority family the more t h e i r 

c h i l d r e n tend t o p re fe r a f ie ld- independent l ea rn ing s t y l e 

(J imenez, 1983). Ramirez, Castaneda, and Herold (1974) 

r e p o r t e d t h a t Hispanic ch i ld ren and t h e i r mothers in t h e 

t r a d i t i o n a l communities were more f i e l d - d e p e n d e n t than 

ch i ldren and mothers of the assimilated or mainstream 
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communities. The learning styles of children and mothers in 

the dualistic communities occupied a middle position relative 

to the two other communities. This study also provided 

evidence to refute the view perpetuated by some researchers 

and educators that Hispanics are homogeneous. Kagan and 

Madsen (1971) studied the motivational styles of Mexican, 

Mexican-American, and Anglo-American children. They found 

that Mexican-Americans do not cooperate as completely as the 

Mexicans, but do not compete as vigorously as the Anglo-

Americans . Mexican-Americans are like the Anglo-Americans in 

refusing complete cooperation, but like the Mexicans in 

avoiding competition. The Mexican and the Mexican-American 

children tested were different with respect to the extent of 

their identification with the sociocultural premises of the 

Mexican culture, namely those statements that provide the 

basis for the specific logic of a cultural group by 

predicting how members of a group think, feel, and act (Diaz-

Guerrero, 1989). Children from the community which was most 

identified with the sociocultural premises of the Mexican 

culture and less influenced by mainstream American middle-

class culture were significantly more field-dependent than 

children from the other community (Ramirez, Castaneda, and 

Herold, 1974). In a study in which a group of New York 

Jewish boys from families who had adopted values more 

characteristic of middle-class Anglo-American Protestant, the 
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r e s u l t s showed t h a t these boys were l e s s field-dependent than 

the Orthodox Jewish boys, but l e s s f ield-independent than the 

Anglo boys (Ramirez and Castaneda, 1974). 

Ramirez (1973) argues t h a t too much emphasis has been 

placed on the presumed advantages of f ie ld- independence and 

t h e d i s a d v a n t a g e s of f i e ld -dependence . He r e l a t e s h i s 

concerns t h a t some educators may conclude t h a t some e thn i c 

groups a r e p a t h o l o g i c a l because they i n t e r f e r e with the 

development of f ield-independent c h a r a c t e r i s t i c s in ch i ld ren . 

The assumption, therefore , i s t ha t field-dependence i s a more 

rudimentary s tage of development and would seem t o i n d i c a t e 

t h a t c u l t u r e s , through soc i a l i za t i on p r a c t i c e s , encourage the 

development of e i t h e r r e l a t i v e l y more f i e ld -dependent or 

f i e ld - independen t l ea rn ing s t y l e s in ch i ld ren (Ramirez and 

Castaneda, 1974). 

Most of the research concerning the learn ing s t y l e s of 

Hispan ics has been repor ted using the domains of f i e l d -

dependent / independent (Ramirez and P r i ce -Wi l l i ams , 1974, 

Ramirez , 1973, J imenez, 1983) . The l e a r n i n g s t y l e s 

i d e n t i f i e d by. Kolb (1984) can be compared t o the domain of 

f ield-dependent/ independent and s imi lar c h a r a c t e r i s t i c t r a i t s 

can be found. The convergent and ass imi la t ion learning s t y l e s 

i d e n t i f i e d by Kolb (1984) have s imi lar c h a r a c t e r i s t i c s as the 

f i e l d - i n d e p e n d e n t c o g n i t i v e s t y l e i d e n t i f i e d by Witkin 

(1976) . I n d i v i d u a l s with the convergent l e a r n i n g s t y l e 

prefer t o deal with technical tasks r a the r than soc ia l or 
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p e r s o n a l i s s u e s , and i n d i v i d u a l s with t h e a s s i m i l a t i o n 

lea rn ing s t y l e a re l e s s focused on people. As with the f i e l d -

independent i nd iv idua l s described e a r l i e r , Kolbs' convergent 

and a s s i m i l a t i o n l e a r n i n g s t y l e i n d i v i d u a l s a r e no t 

i n f luenced by op in ions of o t h e r s . I n d i v i d u a l s wi th t h e 

conve rgen t l e a r n i n g s t y l e r e l y p r i m a r i l y on a b s t r a c t 

c o n c e p t u a l i z a t i o n with t h e i r g r e a t e s t s t r eng ths in problem 

so lv ing , dec is ion making, and p r a c t i c a l appl ica t ion of i deas . 

I nd iv idua l s with the a s s i m i l a t i o n lea rn ing s t y l e a l so r e l y 

p r imar i ly on a b s t r a c t conceptua l iza t ion with t h e i r g r e a t e s t 

s t r e n g t h s in c r e a t i n g models , d e f i n i n g problems , and 

developing t h e o r i e s . I nd iv idua l s who possess the f i e l d -

independent domain described by Witkin (1976) a re masters of 

t a s k s r e q u i r i n g a n a l y t i c a l problems so lv ing s k i l l s . The 

d ive rgen t and accommodative l ea rn ing s t y l e s i d e n t i f i e d by 

Kolb (1984) have s i m i l a r c h a r a c t e r i s t i c s as the f i e l d -

dependent c o g n i t i v e s t y l e i d e n t i f i e d by Witkin ( 1 9 7 6 ) . 

Ind iv idua l s with the divergent learning s t y l e a re i n t e r e s t e d 

in people and a re fee l ing or ien ted and ind iv idua l s with the 

accommodative l e a r n i n g s t y l e a re a t ease with people . As 

wi th t h e f i e l d -dependen t i n d i v i d u a l s de sc r i b ed e a r l i e r , 

Kolbs' d ivergent and accommodative learning s t y l e ind iv idua ls 

a re influenced by the opinions of o the r s . Individuals with a 

d ivergent learn ing s t y l e have an acute imaginative a b i l i t y as 

in the f ield-dependent indiv idual who performs bes t on verbal 

expressiveness and s tory t e l l i n g . Individuals with the 
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accommodative learning style carry out plans of action 

similar to the field-dependent individual using a trial and 

error approach to problem solving. 

Kagan and Madsen (1971) reported that assimilated or 

mainstream Hispanic children were less inclined to exhibit 

field-dependent characteristics. Based on similar 

characteristics identified from the field-

dependent/independent domain and Kolbs' (1984) learning 

styles, one can deduce that Hispanics raised in a more 

assimilated environment will exhibit those learning styles 

closely associated with field-independence. Conversely, 

Hispanics raised in a more traditional environment will 

exhibit those learning styles closely associated with field-

dependence, and Hispanics brought up in a dualistic 

environment will exhibit learning styles closely associated 

with a middle ground of field- dependence/independence. 

Using The Gregorc Style Delineator, Kreuze and Payne 

(1989) reported that Hispanic students learning style 

preference did not differ significantly from those of Anglo 

students. This researcher is convinced that this study is 

flawed in that Kreuza and Payne used 627 students enrolled in 

business courses at a northern state university and a 

southwestern border state university. From the description 

of the data collection there was no indication that only 

Anglo students were recruited from the northern state 

university or that only Hispanic students were recruited from 
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the southwestern border state university. Hence, if the 

population of Hispanic students (N = 272) was commingled from 

both universities, there was a mixture of Traditional, 

Dualistic and Assimilated Hispanics in the data. The study 

did not reveal the percentage of Hispanic students from the 

respective universities, if the percentage of Hispanic 

students from the Northern state university was significantly 

high, these students would most likely be from the 

Assimilated group and affect the frequency of response to the 

learning style instrument similar to that of the Anglo 

students. As was stated earlier the more assimilated the 

minority family or individual, the more he or she tends to 

prefer a more field-independent (mainstream) learning style 

(Jimenez, 1983). 

Educators must meet the challenge of ministering to 

Hispanics not only in terms of their culture, language and 

religious expressions, but also in terms of their preferred 

learning style (Jimenez, 1983). Ramirez and Castaneda (1974) 

propose a specific learning style that fits many Hispanics 

and that has significant pedagogical implications. 

Hispanic students succeed to a greater extent in an 

environment that is supportive to their efforts to grow and 

develop. Such a climate is one that is sensitive to their 

cultural values, their sense of worth and their language. A 

supportive climate makes possible for these preferences to be 
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practiced not only in social exchanges but also in academic 

settings (Hernandez and Descamps, 1986). 

It would appear that science and math instructions 

should include the use of more global skills, a more personal 

orientation, and more group work to facilitate positive 

social interactions. Such accommodations would enable the 

science and math classrooms to become a more comfortable 

domain for more minority learners (Jones, 1986). 

Gender and Learning Styles 

A growing concern has been expressed by the science and 

math coinmunity over the small number of women pursuing 

careers in these fields. Despite efforts to remedy this 

problem through affirmative action and scholarship progreuns, 

employment statistics indicate that men and women are still 

entering these career fields in disproportionate numbers 

(National Center for Education Statistics, 1991). Substantial 

differences remain in fields of study for men and women. In 

1989, men were five times as likely as women to receive a 

baccalaureate degree in computer sciences or engineering; on 

the other hand, women were three times as likely as men to 

receive a baccalaureate degree in education. Since World War 

II the United States has been a leader in producing new 

science and engineering knowledge. With the inevitable 

increase in the sophistication of the technologies used in 

the workplace, it is increasingly important for workers to be 
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technologically literate. Not only are increased numbers of 

professional scientists and engineers needed for future years 

but so are skilled technicians. Much stands to be lost in 

the face of lagging industrial and technological productivity 

if the latent scientific and mathematical talent within the 

female population is not developed (Kremer, 1984). 

Although comparisons of performance between males and 

females in secondary schools on standardized tests have 

documented lower academic achievement for females in science 

and math, it should not be inferred that women have an 

inherently inferior aptitude for these subjects. The studies 

comparing male/female achievement in science evidence serious 

flaws in their design (Kremer, 1984). For example, studies 

based on large random samples of high school students may 

compeure heterogeneous groups of females with more homogeneous 

intellectually motivated groups of males. Also, many studies 

fail to control for prior course taking and academic exposure 

to science when comparing males and females. Kremer (1984) 

notes that disparate male/female achievement may also be 

attributed to different exposures to mathematical games and 

activities. 

Catsambis (1992) noted that gender differences in 

mathematics and science are most evident during secondary and 

post-secondary education, but that the basis for these 

differences may lie at a much earlier developmental period. 

Using data from the National Educational Longitudinal Study 
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of 1988, Catsambis showed that in the middle grades male and 

female students scored equally well in mathematics and 

science achievement tests. Despite their relatively high 

level experiences in mathematics and science, female students 

have less positive attitudes towards these fields and 

participate in fewer relevemt extracurricular activities them 

their males cohorts. 

A study by Fennema and Sherman (1977) investigated 

mathematics achievement of 589 female and 644 male, 

predominantly white, 9th-12th grade students. This research 

was designed to control for mathematics background and found 

that when only students with similar mathematics background 

were considered, differences between male and female groups 

in mathematics achievement were very small. However, many 

attitudinal differences were found by measuring the following 

three affective variables: the Confidence, math as a Male 

Domain, and Mother Scales. Mathematics confidence was 

significantly higher in males than in females. Males in the 

study always stereotyped mathematics as a male domain more 

strongly than did females. For females there was a 

significant correlation between math as a Male Domain and 

mathematics achievement. Males perceived more positive 

attitudes about themselves as learners of mathematics and 

perceived mathematics as more useful than did females. The 

results showed that socio-cultural factors were highly 
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important concomitants of sex-related differences in 

mathematics achievement. 

Chipman and Thomas (1985) suggest that the mathematical 

requirements of a college major or the precollege 

mathematical preparation of a student is not the crucial 

factor for women when making a career choice. They suggested 

that students choose their respective college majors 

according to their sex-role stereotyping; and that women 

avoid majors such as engineering because it is a man's job, 

not because it requires mathematics. Mathematically gifted 

females, a group one would expect to choose mathematical or 

scientific careers, do not always do so. According to 

Hollinger (1983), females' career choices depends upon their 

role-specific self-concept as competent in mathematics. 

Role-specific self-concept is the perception individuals have 

of their competence when engaged in a particular task. 

Research indicates that although girls receive less 

encouragement to continue their mathematical studies or to 

pursue mathematical careers, it is not the case that the sex 

differences in career plans are the result of systematic 

discrimination. All too often girls choose to limit or to end 

their math training while still in high school or soon after 

entering college. This choice effectively eliminates the 

options of many math-related careers for these girls 

(Parsons, 1984). Students in general and females in 

particular would benefit from an increased knowledge of the 
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importance of mathematics as a tool and as an entry skill to 

many careers. Sells (1973) has called mathematics the 

critical filter in female career development. Using the 

National Assessment of Educational Progress data provided by 

the U. S. Department of Education, Haertel et al. (1981) 

studied 2,346 13-year-olds from across the country. Data 

analysis revealed that a significant sex effect was detected 

for the construct of motivation. As parent's level of 

education increases, science motivation increases for early 

adolescent males but not for females. The authors explain 

that both family support and self-expectations are 

prerequisite to high science motivation. Male adolescents 

might conceive of themselves more easily as scientists than 

females due to male domination of scientific occupations. 

This perception might enhance males' motivation to engage in 

scientific activities. 

In Kolb's (1984) model of experiential learning, he 

describes learning and development as social processes. By 

expressing the numerous individual paths of learning 

resulting from this social process, this theory allows for 

differing patterns of development emerging from male and 

female socialization. Kolb (1984) explained differences found 

on the concrete-abstract dimension as a result of the 

socialization of men, which tends to be impersonal and 
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l o g i c a l , versus the s o c i a l i z a t i o n of women, which tends to be 

personal and car ing . 

In American soc ie ty the d i s t i n c t i v e pe r sona l i t y t r a i t s 

of s c i e n t i s t s a re more t y p i c a l of boys than g i r l s . Some of 

the main c h a r a c t e r i s t i c s i d e n t i f i e d with s c i e n t i s t s a r e 

i n t e l l e c t u a l a b i l i t y ( e spec ia l ly mathematical and s p a t i a l ) , 

p e r s i s t e n c e in work such t h a t t h e g r e a t e s t p e r s o n a l 

s a t i s f a c t i o n i s e x p e r i e n c e d when work ing , ex t reme 

independence and s e l f - r e l i a n c e in judgment, and low i n t e r e s t 

in s o c i a l a c t i v i t i e s . Most s c i e n t i s t s p refer t o work with 

things r a the r than people (Benbow and Stanley, 1984). 

Bar-Haim and Wilkes (1989) r e p o r t t h a t one of the 

c r u c i a l d i f f e r e n c e s between men and women who choose 

s c i e n t i f i c c a r e e r s i s t h e i r c o g n i t i v e s t y l e . Given 

p r e v a i l i n g sex r o l e s t e reo types t h a t discourage women from 

a t t e m p t i n g s c i e n t i f i c c a r e e r s , i t i s l i k e l y t h a t those 

a s p i r i n g t o sc ience w i l l have a d i f f e r e n t cogn i t ive na tu re 

from those who accept convention. Considering a s c i e n t i f i c 

c a r e e r under these condi t ions requ i res a woman t o be f a i r l y 

pe rcep t ive and confident of her own judgement (Bar-Haim and 

Wilkes, 1989). 

The pe r sona l i ty t r a i t s of women s c i e n t i s t s are ba s i ca l l y 

s i m i l a r t o male s c i e n t i s t s in t h a t they a re descr ibed as 

having s u p e r i o r i n t e l l i g e n c e and academic achievement, a 

qu i e t and s t a b l e pe r sona l i t y , and a tendency to prefer th ings 

t o people (Benbow and Stanley, 1984). The po ten t i a l high 
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productivity and uniqueness of the perspectives they are 

capable of bringing to the sciences has been noted of 

professional women scientists (Kremer, 1984). 

The current predominant concept of science has emerged 

from within a predominantly male subculture, expressing the 

stereotypical male values of individualism, achievement, 

mastery. This "hard" science reflects a male-dominated 

learning style in contrast to "soft" science, which operates 

within an attached, organic, reflective, and people-relating 

frame of reference (Kremer, 1984). 

The occupational value most clearly separating the 

career choices of females and males is the females' 

orientation toward people. Generally, females prefer to work 

with people rather than things, which is reflected in their 

value system. Females show more interest in and positive 

feelings for others and generally rate higher on nurturance 

and affiliation (Benbow and Stanley, 1984). Developing and 

maintaining caring relationships with others are central 

concerns for many women. These concerns have an impact on 

women's patterns of individual development and, thus, on 

their orientation to educational experiences as well as on 

the ways in which they interact with others in educational 

settings (Hayes, 1989). A significant characteristic that 

differentiates male and female learning styles is 

"relationship to others" in that a central element in the 

early socialization of females is the attachment to the 
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mother, in contrast, male identity formation is characterized 

by individuation from the mother (Magolda, 1989). Girls 

perceive themselves as being less independent than boys and 

exhibit less confidence in their abilities (Benbow and 

Stanley, 1984). 

In a study conducted by Vernon-Gerstenfeld (1989) using 

95 examiners from the U.S. Patent and Trademarks Office, she 

discovered that women had a propensity for adoption of 

computers. Although the body of literature suggested to her 

that males were more predisposed to use computers, her data 

revealed a different outcome. All females in the study 

adopted the computer, whereas only 68 of the 82 males in the 

sample were adopters. Using Kolb's Learning Style Inventory, 

she discovered that neither of the two Learning Style scores 

(ACCE or ACRO) were predictors of an individual's computer 

use. There was no significant differences in the mean amounts 

of computer use among the four types of learners. However, 

men and women did differ from each other in ways that were 

important to an understanding of their adoption behavior. 

Gender differences in adoption of computers may be linked to 

socialization differences. The bulk of the women ceune into 

the corps knowing that a change from manual searching to 

computer searching might take place. Vernon-Gerstenfeld 

attributes that such knowledge acted as a socializing force 

when examiners were given the opportunity to voluntarily 

adopt the computer. Another socialization factor which was 
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observed and attributed to the computer adoption was the 

higher percentage of women over men who encouraged others 

suggests that women may be more nurturing than are men. 

Belendy et al. (1986) found evidence of the effect of 

women's attachment to others in the ways women perceived 

knowledge and have described five perspectives that represent 

women's ways of knowing. The first two perspectives assume 

that knowledge is known by authorities. Women in the first 

perspective of silence do not perceive themselves as able to 

learn while women at the second perspective of received 

knowledge learn by listening to authorities. The third 

perspective, subjective knowledge, is characterized by the 

recognition of uncertainty of knowledge and is accompanied by 

women's reliance on their own first hand experience and 

intuition to discover truth. In the fourth perspective, 

procedural knowledge, women shift to two distinct ways of 

thinking about knowledge. Those who use "separate knowing" 

gather and think about knowledge in an impersonal, objective 

way. Those who use "connected knowing" rely on sharing 

others' experiences through empathy and understanding to 

gather and think about knowledge. These researchers found 

that women expressed a particular need to find their own 

means of self expression and to have it reaffirmed through 

the process of education; this need was linked to the women's 
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prior tendency to define themselves in terms of their 

relationships to others (Hayes, 1989). 

Magolda (1989) administered Kolb's Learning Style 

Inventory (LSI) to 101 randomly selected freshmen students 

enrolled in a large midwestern state university. All four 

lecurning styles were represented in the sample. The converger 

style, a combination of abstract conceptualization and active 

experimentation, was preferred by the least number of 

students (17 percent). Analysis of learning orientations 

indicated that more women preferred concrete experience than 

abstract conceptualization; men were evenly divided on this 

dimension. Men and women viewed the acquisition of knowledge 

differently, women took less initiative in learning than did 

men and relied more on authority than did mem. Women were 

more prone to collect others' ideas than debate opinions, and 

placed greater emphasis on personal interpretation than did 

mem. 

Zelazek (1987) administered the Grasha-Riechmann Student 

Learning Styles Scales (GRSLSS) to 505 graduate students 

enrolled in a large southwestern state university. 

Examination of the results revealed that males were more 

avoidant than females, and females were more participatory 

than males. 

Women tend to exhibit cooperative patterns of 

interaction characterized by efforts to include all members 

of a group in discussion, active listening, self-disclosure, 
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and mutual elaboration of discussion topics (Hayes, 1989). 

Females in mainstream culture have traditionally learned that 

success in school, especially in prestigious professional 

areas dominated by men, is incompatible with popular views of 

femininity, which include noncompetitiveness (Kremer, 1984). 

Traditional styles of teaching tend to foster classroom 

interactions that reflect competitive rather than cooperative 

patterns. Individual efforts to assert and defend points of 

view are typically more valued than listening and supporting 

the ideas of others; therefore, women's preferences for more 

supportive interactions may thus be evaluated by teachers as 

generally less competent. 

Heikkinen et al. (1985) administered Canfield's Learning 

Style Inventory (LSI) to 149 students enrolled in a junior 

level education methods course in a large midwestern state 

university. Learning style comparisons by gender revealed 

that males differ significantly from females on eight of the 

16 variables. Males preferred the numeric and inanimate 

variables while females preferred the qualitative and people 

variables. Males preferred competition and authority 

variables while females preferred the organization variable. 

Harpole (1987) administered Canfield's Learning Style 

Inventory (LSI) to 41 chemistry students enrolled in a public 

high school in Mississippi. The results indicated that male 

chemistry students prefer situations that involve numbers and 
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logic, computing and solving mathematical problems, and 

benefit from course work that is logically and clearly 

organized. Female chemistry students prefer laboratory 

activities in which they can work with people and help each 

other. 

Brainard and Ommen (1977) administered Canfield's 

Learning Style Inventory (LSI) to 1769 male and 1369 female 

community college students and reported that the comparison 

of males and females resulted in significant differences on 

15 of the 21 LSI scales. The data revealed that women, more 

than men, preferred an organized and detailed approach to 

instruction. Males indicated stronger preferences than women 

for working independently in their study activities and 

desired more personal freedom in determining the ways in 

which they would accomplish their learning goals. The males 

in this study expressed a greater need for a competitive 

instructional environment than did the females. The women 

indicated a much stronger preference for instructional 

content involving qualitative and people dimensions; males 

demonstrated a stronger preference for numeric and inanimate 

content. In the area of teaching modality, more females 

chose listening as a mode of learning than did males. 

Several studies have demonstrated that students with 

higher estimates of their ability to master a task do better 

on the task; that is, increases in self-confidence can 

produce increases in achievement. Girls report lower 
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estimates of their ability than boys despite the fact that 

during the elementary and junior high school years girls 

perform just as well in math as boys (Parsons, 1984). Women 

attribute their success to luck or chance, while men 

attribute it to their abilities. In contrast, failure is 

viewed by women as having happened because of their lack of 

abilities, while men attribute failure to bad luck (Benbow 

and Stanley, 1984; Ware et al., 1985). 

Studies which have tested for sex differences in 

perceived task difficulty have found that junior and senior 

high school girls rate mathematics as more difficult than 

their male peers. This pattern suggests that girls' 

perceptions of task difficulty may be interfering with their 

participation in mathematics to avoid tasks which have been 

designated as difficult (Parsons, 1984). 

Girls rate the importance of lack of ability as a cause 

of their poor performances higher than boys. Moreover, they 

are less likely than boys to credit their math successes to 

their ability. Girls who view consistent effort as an 

important determinant of success in mathematics may have 

lower expectations for their future success because they 

think future courses will be more difficult, demanding 

additional effort for continued success. The amount of effort 

a student can or is willing to expend has limits. If a 

student already thinks she is working hard to do well in 

math, she may conclude that her performance will deteriorate 
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in these more difficult math courses; or she may conclude 

that the amount of effort necessary to continue performing 

well is just not worth it (Parsons, 1984). For college age 

females pursuing science or math degrees, the strain of 

constantly striving to maintain a superior level of 

performance may result in exhaustion, discouragement, euid the 

decision to purse a different course of study (Ware et al., 

1985). Haukoos and Penick (1985) studied 216 students at a 

small liberal arts college in the Northeast. The students 

were sent a survey that asked them to rate a number of 

factors that might explain their performance in an 

introductory science course they had completed during the 

fall term. The successful women saw themselves as having 

been more hardworking and less reckless, which implied that 

the women felt they were working against greater odds to be 

successful. Since social norms still maintain that science 

is primarily a masculine field, it may be that these 

stererotyped attitudes created a psychological burden for 

women such that they came to believe that they had to be more 

serious and work harder to be successful in science. Many 

women may prefer to avoid courses they perceive to require so 

much effort. 

Gender role beliefs and stereotypes may influence the 

development of children's self-concepts and their perceptions 

of the value of various activities and expectations for 

success. By age five, children have developed clearly 
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de f ined gender r o l e s t e r e o t y p e s r e g a r d i n g a p p r o p r i a t e 

b e h a v i o r s , t r a i t s , and even e x p e c t a t i o n s . There i s ample 

ev idence i n d i c a t i n g t h a t women a re s t e r eo typed as l e s s 

competent than men, e s p e c i a l l y in i n t e l l e c t u a l domains. 

E r n e s t (1976) sampled 27 e lementary and high school 

mathematics and science teachers emd found t ha t 41 percent of 

the respondents f e l t boys did b e t t e r in sc ience while only 

one percen t f e l t g i r l s did b e t t e r . S ix ty - t h r ee percent of 

the respondents f e l t g i r l s did b e t t e r in English while no one 

f e l t boys did b e t t e r . The study a l so revealed tha t 41 percent 

of respondents f e l t boys did b e t t e r in mathematics while no 

one f e l t g i r l s did b e t t e r . Stereotypes inf luence c h i l d r e n ' s 

developing se l f - concep t s , thus incorporat ion of the c u l t u r a l 

gender r o l e s t e r eo types could well r e s u l t in g i r l s having 

lower se l f -concepts of t h e i r i n t e l l e c t u a l a b i l i t i e s than boys 

(Parsons, 1984). Boys are encouraged to be more independent: 

whereas , g i r l s a r e encouraged t o be more dependent and 

conforming. The s t e reo typ ica l ch i ld rear ing p rac t i ces t ha t are 

a s soc i a t ed with boys a re considered t o be more conducive to 

i n t e l l e c t u a l and s c i e n t i f i c achievement than the ones 

associa ted with g i r l s (Benbow and Stanley, 1984). 

Peer groups a c t as s o c i a l i z i n g agents by endors ing 

va lues which prov ide g u i d e l i n e s for c h i l d r e n ' s behavior 

(Kavrell and Pe te rsen , 1984). Given the s t rong pressures t o 

conform t o sex r o l e s t e r e o t y p e s , many females f ind t h a t 

indiv idual v a r i a b i l i t y i s inh ib i ted in the areas of science 
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and math. Many girls experience a conflict between academic 

achievement and popularity because they fear that negative 

consequences will follow success. 

With respect to classroom discourse, while acquiring the 

skills and knowledge needed to demonstrate their intellectual 

abilities, women may have to "defeminize" their ways of 

knowing. They may become distant from their preferred, 

female ways of learning and knowing. In doing so, they 

become "denatured"; that is, they depart from the socially 

sanctioned norms of what it is to be a woman. Consequently, 

to be a successful woman learner and to succeed in 

educational institutions is to somehow not be a woman 

(Collard and Stalker, 1991). The student stereotype of 

physical scientists has an important sexual connotation 

associated with it. The prevailing image has not only been 

described as that of an intelligent, competent, and self-

sufficient person but also as that of a masculine figure 

(Bar-Haim and Wilkes, 1989). 

Baker (1987) conducted a study using two schools chosen 

from a list provided by the Western Australia Department of 

Education. The schools were located in two different middle 

class suburbs of a large metropolitan area. There were 177 

female and 179 male 11th and 12th grade students in the 

study. The students were administered the Bem sex-role 

Inventory and the Test of Logical Thinking. Mean scores for 
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each group indicated that females preferring science and 

allied health careers perceived themselves as more masculine 

and had the highest cognitive scores. 

Deboer (1987) surveyed 214 freshmen and sophomore 

students at a liberal arts college in the Northeast after 

completing the first semester of introductory chemistry. The 

questionnaire asked the students questions about their 

participation and performance in high school science and 

mathematics, their performance in the chemistry course and 

their plans to continue in chemistry during the next 

semester. The results of this study indicated that students 

who believed they had ability in science expected to do well 

in the future and were more likely to continue to take 

science courses. Perceived ability is dependent in turn on 

the number of past achievement experiences and the personal 

interpretation of those experiences. One interesting result 

showed that women believed they worked harder in their 

science course. Since the amount of effort seems to follow 

two paths, one that enhances self-concept of ability and one 

that threatens it; it would be useful to determine whether 

the tendency of women to work harder in science courses has a 

positive or negative effect on their continued participation. 

This study did have an encouraging outcome; the group of 

women who had the same academic background as their male 

counterparts also had a strong sense of their science eibility 

and a strong intention to continue. 
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In a study by Ware et al. (1985), forty-nine percent of 

males and only thirty-one percent of females reported that a 

science course was the most enjoyable of their freshman year 

classes. Because enjoying a science course seems to be an 

important predisposing factor for students of both sexes, the 

fact that more males and females reported this reaction 

partially explains the sex difference in the choice of a 

science concentration. As long as academic disciplines are 

perceived as sex-typed, each sex will continue to have its 

limited domain of expertise. Given the need to maximize the 

use of talents and skills regardless of gender in areas such 

as science, educational institutions must move toward 

androgyny in sex role prescriptions (Kremer, 1984). 

Chemistry and Learning Styles 

Many students find abstract subjects such as chemistry 

and physics difficult to learn. Abstract concepts are those 

that do not have perceptible instances or relevant or 

defining attributes that are not perceptible. Understanding 

abstract concepts requires more than performing logical 

operations on concrete reality; it requires formal reasoning 

about unseen entities (Cantu and Herron, 1978). According to 

Barrow (1991), this aspect in learning chemistry is further 

exasperated by the methods used for chemistry instruction. 

Barrow argues that for the most part chemistry courses at 
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the high school and college level are unofficially 

standardized. Students must use lectures and textbooks as 

principal sources of information with lecture demonstrations 

used primarily for amusement. Perhaps this difficulty to 

understand abstract material is associated with this 

student's intellectual development. According to Piaget's 

theory (Piaget and Inhelder, 1969), the formal stage of 

intellectual development starts at 11-12 years of age and the 

individual becomes fully formal operational at age 15-16. An 

almost universal assumption by chemical educators is that 

their students are capable of using formal or hypothetic-

deductive reasoning (Thornton and Fuller, 1981). Researchers 

McKinnon and Renner (1971) found that 50 percent of the 

college freshmen at the University of Oklahoma were 

functioning completely at Piaget's concrete operational level 

and that only about 25 percent of the sample could be 

considered fully formal operational. 

Lawson and Renner (1975) investigated how concrete and 

formal operational students understood concrete and formal 

operational concepts in secondary school biology, chemistry, 

and physics classes. Subjects were selected from a high 

school located in an above average suburban midwestern 

university town. The students were taught their science 

courses by the regular classroom teacher. During the last 

month of the academic year, the investigators administered 

four Piagentiein tasks to the subjects from each discipline. 
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The sample consisted of 51 students randomly selected from 

biology classes, 50 students randomly selected from chemistry 

classes, and all 33 students were selected from the only 

physics class. Of the biology sample, 29.5 percent was 

determined to be concrete operational and 35.3 percent was 

postconcrete operational. No subjects were determined to 

have achieved the formal operational level. The chemistry 

sample shows a majority of subjects somewhere in the 

transition between concrete operational and formal 

operational. Ninety-two percent of the sample was categorized 

as postconcrete, formal operational, or transitional 

operational. The physics class also showed a majority of its 

subjects between concrete operational and formal operational. 

However, the percent of fully formal subjects, 12.1 percent, 

was over three times that of the chemistry sample. Subjects 

categorized as concrete operational, demonstrated an 

understanding of neither concrete nor formal operational 

concepts. Subjects categorized as transitional concrete 

demonstrated an understanding of approximately 30.0 percent 

of the concrete operational concepts; however, they 

demonstrated little or no understanding of formal operational 

concepts. Subjects categorized as formal and transitional 

formal demonstrated an understanding of both concrete and 

formal concepts. As the intellectual level increased, an 
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increase occurred in the percentage of concrete and formal 

concept questions that were answered correctly. 

In an extensive study by Niaz (1985), 709 freshmen 

students at the Universidad de Oriente in Venezuela who had 

registered for chemistry were given a test of formal 

operational reasoning (TOFOR). The results revealed that 

84.1 percent of the students operated at the concrete level, 

12.4 percent operated at the transitional level and 3.5 

percent of the students operated at the formal level. This 

study was of particular concern to the researcher because it 

partially explained why 75 percent of the freshmen students 

have to repeat introductory physics, chemistry and 

mathematics courses. 

Atwater and Alick (1990) investigated the level of 

cognitive development of 30 Afro-American students enrolled 

in general chemistry courses in three different historically 

black colleges in Georgia. The Piagetian Logical Operations 

Test (PLOT) was administered along with an exeim containing 

two questions on stoichiometric concepts and two chemical 

equations to be balanced. The interview method was used 

incorporating the talk-aloud technique while students were 

solving the stoichiometric problems. Thirty percent of the 

students were concrete-operational, forty percent were 

transitional, and thirty percent were formal operational 

according to the results of the PLOT. There was not a 

significant correlation between cognitive development scores 
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and stratiegies used by students to solve the stoichiometric 

problems. Significant relationships were found between 

strategies used and success in balancing simple and complex 

chemical equations. 

Anamuah-Mensah (1986) investigated the strategies used 

by 47 students to solve volumetric analysis problems in 

chemistry. The students were selected from eight high 

schools located in the lower mainland of British Columbia, 

Canada. The subjects constituted a self-selected group 

because the course was optional. The study required the 

student to calculate the concentration of hydrochloric acid 

given the concentration of sodium hydroxide used in a 

titration. The talk-aloud technique employed in this study 

and the transcribed verbal protocols and the written 

calculations provided the primary data for the cuialysis. The 

Formula Approach and the Proportional Approach were used by 

the students to solve the problem. In the Formula Approach 

the student employed a formula given in his text or class to 

solve the problem. The Proportional Approach involved the 

use of a ratio or proportional relation to obtain the 

concentration of the acid. The majority of the students 

employed the Formula Approach and were identified in the high 

and medium achievement groups. The students in the high and 

medium achievement groups, although capable of solving the 

problem using either the Formula Approach or the Proportional 

Approach, tended to use the Formula Approach because it 
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offered an easier and less conceptually demanding route to 

the solution. Students in the low achievement group, not good 

at remembering formulas, resorted to the Proportional 

Approach. The author explains that the predominant used of 

the Formula Approach may reflect on the teaching strategies 

employed in the classroom. 

In a study of general problem-solving skills of high 

school chemistry students conducted by Gabel, Sherwood, and 

Enochs (1984), the results indicated that high proportional 

reasoning ability students tended to use algorithic reasoning 

strategies more frequently than low proportional reasoning 

students. The sample consisted of 266 high school students 

selected from chemistry classes in central and south central 

Indiana on the basis of their willingness to participate. 

The objective was to compare processes used by students who 

were successful problem solvers with those used by students 

who were unsuccessful. A proportional reasoning skill 

aptitude test was administered at the beginning of the school 

year. Students were randomly assigned to one of four 

strategies for learning to solve chemistry problems which 

were factor label method, the use of analogies, the use of 

diagrams and proportionality. A test consisting of four 

tasks and twenty-one questions was administered and the 

scores were used to rate students' success in problem 

solving. Students with high proportional reasoning ability 

used systematic approaches and algorithmic reasoning 
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strategies more frequently than low proportional reasoning 

students. High proportional reasoning students were more 

successful on questions and problems than their low 

proportional reasoning cohorts on all units of the test. The 

study concluded that when chemistry students solve problems 

of varying difficulty on a variety of topics, few students 

used recall techniques and the majority of students, 

successful or unsuccessful and high or low proportional 

reasoning, relied on strictly algorithmic techniques rather 

than using reasoning skills. In many cases the students 

tried using algorithmic techniques to fit problems in 

inapplicable situations. However, this study also showed 

that successful high proportional reasoning students use 

reasoning techniques more frequently than low proportional 

reasoning students. 

In a study by Niaz and Lawson (1985), the objective was 

to test the hypothesis that formal reasoning is required to 

balance simple one-step equations while formal reasoning and 

a sufficiently large mental capacity are required to balance 

more complex many-step equations. There are basically three 

methods of balancing chemical equations the trial and error 

method, the oxidation number method, and the ion-electron 

method. The oxidation number method requires students to use 

only concrete reasoning (Herron, 1975) as it involves a 

method of "bookkeeping" based on algorithms. The ion-electron 

method requires formal reasoning (Herron, 1975) because the 
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student derives the solution from the concepts of atomic 

theory. Balancing equation by trial and error requires that 

the student uses formal reasoning (Niaz and Lawson, 1985). 

Twenty-five students enrolled in one section of a nonmajor 

undergraduate science course taught at a large southwestern 

university were pretested at the start of the semester to 

determine their level of intellectual development, mental 

capacity and ability to dissemble relevant information from 

irrelevant background. To ensure that all students 

understood the basic task, training in how to use the trial 

and error method to balance chemical equations followed. The 

students were administered a post-test consisting of five 

unbalanced chemical equations. Each equation was simply 

scored correct or incorrect. From the results of the 

Classroom Test of Formal Reasoning, five students were 

classified as concrete operational, 14 students were 

classified as transitional operational and six students were 

classified as formal operational. From the results of the 

Gottschaldt Figures Test, 10 students were classified as 

field-dependent, 10 students were classified as field 

intermediate and five students were classified as field-

independent. For all chemical equations, the formal 

operational students performed better than the transitional 

operational students, who in turn performed better than the 

concrete operational students. The balancing of chemical 

equations using the trial and error method requires a formal 
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operational mode of reasoning. Chemical educators should 

recognize that the use of the trial and error method of 

balancing equations is difficult due to the demands it places 

on student reasoning ability. This study also revealed that 

field dependence/independence played little or no role in 

balancing chemical equations. 

In a study by Padilla, Okey and Dillashaw (1983), the 

relationship of integrated process skill and formal thinking 

abilities were investigated in middle and high school 

students. The integrated process skills are involved when 

conducting experiments; the student must formulate a 

hypothesis, design an experiment and make generalizations 

after collecting data. The sample for this study consisted 

of 492 students selected from grades 7-12 from a mixed 

suburban/rural school district outside Atlanta, Georgia. The 

Test of Integrated Process Skills (TIPS) and the Test of 

Logical Thinking (TOLT) were administered to the students. 

The process skill achievement data showed that older students 

scored higher than younger students. The logical thinking 

data also show progressively higher scores for older 

students. Correlations showed a strong relationship (r=0.73) 

between the prcxress skill and logical thinking abilities. The 

authors argue that since science process skill ability is 

strongly associated with logical thinking, the next direction 

for study would be to determine if increasing the process 
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skill abilities of students will have an influence on logical 

thinking. 

To fully understand the specific learning styles 

required for success in the study of chemistry, it is 

imperative to understand chemists as learners. Since the 

majority of chemical educators teaching in colleges and 

universities are chemists by training and educators by 

experience, knowing the learning styles of chemists as a 

group would serve to illustrate their impact on instruction 

and influence on students. Smedley (1987) conducted a study 

through an arrangement with the American Chemical Society 

Office of Membership Statistics and Planning. The names and 

addresses of 800 randomly selected full members of the 

Society living in the United States were sent Kolb's LSI. As 

a group of learners, chemists are characterized by Kolb's 

Converger learning style. This indicated that, as a group, 

chemists are more inclined toward active experimentation and 

abstract conceptualization as modes of learning than the 

normal adult. Older chemists were found to be more inclined 

toward reflective observation and abstract conceptualization 

than their younger colleagues. No significant difference in 

learning style was found with respect to the variables of 

employment category or sex. Study participants preferred the 

seminar format most followed by the laboratory and recitation 

format for learning. The least favorable format for learning 

was correspondence and computer assisted instruction. The 
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lecture format is not a preferred format since it does not 

encourage the active involvement characteristic of chemist's 

learning style. Chemists also favored access to relevant 

literature and exchanging ideas with colleagues as importeuit 

as attending formal organized courses. This is consistent 

with the converger's drive to find solutions to his own 

questions and problems. The study noted that chemists as 

learners are more alike than different. This finding is 

consistent with a shared disciplinary interest and the 

process of self-selection to pursue chemistry as a 

profession. Of particular interest is the fact that male and 

female chemists were found not to have significantly 

different learning styles. Kolb (1984) has reported that 

gender differences do exist in the general population. This 

learning style profile information may suggest on the surface 

that educators and counselors should advise students who do 

not learn well using active experimentation and abstract 

conceptualization that they may find a career in chemistry 

less than fulfilling. However, successful students who do 

choose chemistry in spite of a nonconverger learning style 

may enjoy nontraditional chemistry career options such as 

sales and marketing or advertising which would be more 

amenable to concrete experience and reflective observation 

learning styles. 
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Chandran, Treagust and Tobin (1987) investigated the 

role of formal reasoning ability and f i e l d 

dependence/independence on achievement in chemistry. The 

sample consisted of 359 students in the eleventh grade from 

eleven high schools in The Perth metropolitan area in Western 

Australia. The sample used was homogeneous with respect to 

science ability because the students had elected to study 

chemistry. The sample represented a population of students 

who were likely to succeed at chemistry rather than a 

population of all students. The Test of Logical Thinking 

(TOLT) was administered early in the term. Students' 

abilities to dissemble relevant information from an 

irrelevant background was assessed by means of the Hidden 

Figures Test. The students were administered tests towards 

the end of a period of 21 weeks in laboratory application, 

chemical calculations, and chemistry content knowledge. 

Formal reasoning ability correlated significantly with the 

achievement measures of laboratory application, chemical 

calculations, and content knowledge. This study also showed 

that field dependence/independence were not significantly 

related to any of the chemistry achievement measures. The 

significant correlations between formal reasoning ability and 

achievement found in this study were consistent with the 

results reported by Niaz and Lawson (1985). 
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Carter, LaRussa and Bodner (1987) investigated the 

relationship between spatial ability and achievement in 

chemistry courses. The term spatial ability is used to 

describe two factors, spatial orientation and spatial 

visualization. Spatial orientation is the ability to remain 

unconfused by changing orientations in which visual stimuli 

are presented; while spatial visualization involves the 

ability to mentally manipulate pictorially presented stimuli 

by a process in involves recognizing, retaining and recalling 

configurations in which there is movement of the figure or 

parts of the figure (Carter, LaRussa and Bodner, 1987). The 

sample for this study consisted of 850 students enrolled in 

the first semester of a college-level general chemistry 

course for students in agriculture and health and 1648 

students enrolled in the first semester of a general 

chemistry course for science and engineering major at Purdue 

University. Two measures of spatial ability were used in 

this study—the Purdue Visualization of Rotations test and 

the Find-A-Shape Puzzle. Chemistry achievement was measured 

by hour exams and final exams written by the faculty in 

charge of each course. All exams had the same multiple 

choice format. The exams were assumed to be valid measures of 

chemistry performance. The results revealed a statistically 

significant difference in performance for students classified 

as high, medium or low in spatial ability. Students 
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classified as having high spatial ability outperformed low 

spatial ability students on all of the exams. 

Another discipline in the physical sciences with many 

topics simileu: to chemistry is physics. Oftentimes, students 

who are required to take chemistry for their program of study 

are also required to take physics courses. Hudson (1986) 

investigated the relationship between mathematics skills and 

performance for "completes" and "dropouts" in a college 

physics course. The author argued that some type of 

reasoning is important to solving physics problems and the 

more developed the reasoning skills, the better the 

performance in the course. His purpose was to determine if 

students who drop out of a physics course demonstrated any 

identifiable difference in performance on tests involving a 

variety of reasoning and problems solving skills. In the 

first week of class in a first semester general physics 

course (algebra and trigonometry based), 152 students were 

administered a test of mathematics skills, a test of 

proportions involving direct and inverse ratios, and a test 

involving general word problems requiring translation of 

symbols. The study showed that "completes" and "dropouts" 

perform at levels very close to each other on individual 

tests of mathematics, proportions and translations; they 

apparently do not use these skills in similar ways in solving 

physics problems. A lack of correlation between math scores 

and reasoning scores were found for "completes" which 
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contrasted with a significant correlation between the same 

measures for "dropouts." The author suggests the possibility 

that the intellectual skills of "completes" and "dropouts" 

differ in the ability to apply different cognitions to 

different situations. 

Lawson (1983) investigated the role of developmental 

level and disembedding ability as variables in predicting 

science achievement. The subjects in this study were 96 

undergraduate students enrolled in three sections of a 

biology course for elementary teachers at Arizona State 

University. On the first day of class subjects' develojanental 

levels were assessed using the Lawson Classroom Test of 

Formal Reasoning. The students' abilities to dissemble 

relevant infoirmation from irrelevant background were assessed 

by means of the Group Embedded Figures Test (GEFT). To 

assess student achievement, a post-test was given at the 

conclusion of instruction. The results indicated that 13.75 

percent of the students were classified as concrete 

operational, 57.5 percent were classified as transitional 

operational, and 28.75 percent were classified as formal 

operational. The results of the GEFT revealed that 23.3 

percent of the students were classified as field-dependent, 

35.6 percent were classified as field-intermediate, and 41.4 

percent were classified as field-independent. In this study 

disembedding ability was found to be a consistent predictor 

of achievement for all achievement measures. The author cites 
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that his finding indicate that field-independence is an 

intellectual asset as far as general achievement in science 

is concerned. Successful performance in science seems to 

require an analytical field-independent approach. The less 

analytical, global approach to problem solving taken by the 

typical field-dependent individual is likely to be a 

detriment. 

Bodner and McMillen (1986) examined the relationship 

between scores on spatial ability tests and problem solving 

performance. The subjects of this study were enrolled in the 

first half of a two semester general chemistry sequence at 

Purdue University. The sample was restricted to 587 students 

for whom a complete set of chemistry performance, spatial 

ability, and SAT math and verbal scores were available. The 

Purdue Visualization of Rotations Test was used to measure 

spatial ability and problem solving performance was measured 

from the results of the hour exams and the comprehensive 

final exam. Significant correlations were found between 

spatial ability and problem solving ability involving 

stoichiometry and crystal structures. Although the results 

are not conclusive, they are consistent with the authors' 

hypothesis that there exists a stage in problem solving in 

which students must dissemble relevant information from a 

question and restructure the problem. 
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Abstract concepts frequently encountered in chemistry 

courses may have to be introduced in a concrete way in order 

to enhance achievement opportunities for all students. 

Different teaching methodologies are probably needed for 

those students who have lower levels of formal reasoning 

ability (Chandran, Treagust, and Tobin, 1987). Classroom 

activities should be differentiated so that high and low 

formal thinkers have opportunities to engage in tasks that 

are appropriate to their needs. 

There is little question that chemistry involves aspects 

of what Piaget identified as formal operational thought. 

Students are asked to understand and explain all observations 

of the macroscopic, observable world in terms of the 

properties of microscopic, unseen atoms and molecules 

(Kavanaugh and Moomaw, 1981). This presents the chemical 

educator with a difficult task in planning the presentation 

of the material. Should chemistry instruction begin at the 

formal level with the risk of presenting material that is 

difficult for most of the students to comprehend, or should 

it begin at the concrete level with the possible risk of 

diluting the material and possibly discouraging the formal 

operational students. In a study by Cantu and Herron (1978), 

the objective of the researchers was to investigate an 

instructional strategy for teaching concrete and formal 

science concepts. The sample consisted of 137 randomly 

selected students taking chemistry in a midwestern high 
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school. In order to classify the students as concrete or 

formal operational, they were administered the Longeot test. 

Twenty students were randomly selected from those classified 

as concrete operational and twenty students were randomly 

selected from those classified as formal operational. Due to 

lack of parental permission and schedule conflicts, only 

twelve concrete operational and sixteen formal operational 

participated in the study. Six concepts, three concrete and 

three formal, were selected in designing the lessons which 

were to be taught to the students. Achievement tests were 

used to evaluate the students understanding of the concepts. 

The results revealed that concrete operational students are 

not able to learn concrete concepts as well as formal 

operational students and that formal operational students 

learn formal concepts better than concrete operational 

students. When pseudoexamples were used in the instruction 

of abstract concepts, both concrete and formal operational 

students benefited equally. When the mean score for concrete 

operational students who studied the lesson with 

pseudoexamples was compared to the mean score for concrete 

operational students who studied the lesson with 

pseudoexamples, the difference was found to be significant. 

The use of pseudoexamples to illustrate the critical 

attributes of formal concepts enhanced the achievement of 

students regardless of their intellectual level. The authors 

suggest that carefully planned instructional strategies which 
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are based on a knowledge of the difference in concrete and 

formal thought processes may produce improvement in 

instruction which can narrow the gap between the achievement 

of formal operational students and concrete operational 

students. 

Investigating the effects of teaching an explicit 

approach to problem solving on the mathematical chemistry 

achievement was the objective of Bunce and Heikkinen (1986). 

The sample used in this study consisted of 200 students 

enrolled for a one-semester preparatory chemistry at the 

University of Maryland. This prepeiratory course is offered to 

students with deficient chemistry backgrounds. Students were 

randomly assigned either to a treatment or control group for 

the entire semester. Trealiment and control groups experienced 

simultaneous lectures in adjoining rooms and received 

identical homework assignments, quizzes, hourly test, and 

final examinations. Instruction for the two groups differed 

only in the problem solving approach taught in lecture. The 

control professor verbally identified qualitative steps of 

the solution. However, there was no attempt to develop an 

overall plan for obtaining the problem's solution. The 

treatment lecturer included the following in written form the 

following information with a worksheet framework when solving 

a mathematical chemistry problem: a sketch of the situation 

described in the problem, all the information necessary to 

solve the problem, labels for the information given or asked 
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for in the problem, a q u a l i t a t i v e s tatement regarding what 

the problem was asking, a breakdown of the overa l l problem, a 

l i s t i n g of s t e p s needed t o so lve the problem, and a 

mathemat ica l s o l u t i o n t o the problem. Achievement was 

measured from each of t h r e e hourly t e s t s and the f i n a l 

examinat ion. A s i g n i f i c a n t p o s i t i v e c o r r e l a t i o n was found 

between chemis t ry con t en t achievement and mathemat ical 

chemistry achievement on t e s t s used in t h i s study. 

Chapter Summajrv of Review of L i te ra ture 

The chap te r began with a review of the h i s t o r y and 

development of l ea rn ing s t y l e s models. Each of the learn ing 

s t y l e models advocates acknowledging the d i f fe rences among 

i n d i v i d u a l s . Most of the models encourage teachers to adapt 

i n s t r u c t i o n to the manner in which individuals l ea rn . Various 

l ea rn ing s t y l e concepts were repor ted . Early development in 

l ea rn ing s t y l e s was based on psychological types as repor ted 

by Carl Jung and Katherine Briggs and her daughter I s abe l 

Briggs Myers. Learning s t y l e theory based on e x p e r i e n t i a l 

l e a r n i n g was o u t l i n e d . Researchers Ri ta and Kenneth Dunn 

acknowledged t h e concept of e x p e r i e n t i a l l e a r n i n g by 

ana lyz ing environmental , emot ional , s o c i o l o g i c a l , phys ica l 

and psychological elements and t h e i r a f fec t on learn ing . Also 

r epo r t ed in the l i t e r a t u r e review was the work of Herman A. 

Witkin us ing the concepts of f i e l d dependence and f i e l d 

independence cind Anthony Gregorc, who recognized t ha t 
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learners perceive on a continuum that ranges from concrete 

experience through abstraction. The work of David Kolb, which 

emphasized the idea that experience has a major role in the 

learning process, and Bernice McCarthy, who developed a 

method of instruction that appreciated individual learning 

styles, was reviewed in detail. 

The effect on student achievement by matching teaching 

styles with learning styles was investigated in detail. The 

literature provided differing viewpoints and conclusions from 

various investigators. Most predominate in the literature 

were the theories and concepts which supported matching 

teaching styles to student learning style. According to 

Felder, students who experience mismatches with the 

prevailing teaching style of most science and math courses 

tend to get lower grades than students whose learning styles 

are better matches to the instructor's teaching style. 

Despite individual differences in students, most teachers 

adhere to the traditional format of instruction (lecture) and 

continue to direct the blame for failure toward nonachieving 

students. Students whose learning styles are compatible with 

the teaching style of the instructor retain information 

longer than do students who experience mismatches in learning 

style cuid teaching style. 

This literature review investigated the learning styles 

of Hispanics. Demographic data about the Hispanic population 

was reported. Information concerning interethnic variability 
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among Hispanics in terms of dialect, culture, socialization 

practices, faith practices and learning styles was reported 

in detail. The lack of role models was cited as attributing 

to the underrepresentation of Hispanics in mathematics-

related careers. However most researchers reported that the 

cultural styles of minority groups often place emphasis on 

skills and norms which are in total conflict with the middle-

class orientation of most schools. Educators should expect 

larger numbers of minority populations to display particular 

learning styles that differ from the population at large. It 

has been suggested that ethnic differences in learning styles 

may be responsible for ethnic differences in academic 

performance. The literature review examined comparisons in 

cultural diversity with particular cognitive modes. 

A number of studies which investigated the learning 

style differences among men and women was examined. 

Traditional styles of teaching tend to foster classroom 

interactions that reflect competitive rather than cooperative 

patterns. Several researchers reported that women tend to 

exhibit cooperative patterns of interaction which may be 

evaluated by instructors as generally less competent. The 

literature review examined the role of sex role stereotypes 

which pressure women into deciding between academic 

achievement and popularity. While acquiring the skills and 

knowledge needed to demonstrate their intellectual abilities. 
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women may have to "defeminize" their way of learning. In 

doing so, they become "denatured," they depart from the 

socially sanctioned norms of what it is to be a women. 

The final section of the literature review focused on 

the learning styles needed for success in chemistry. Several 

researchers reported on the need for students to acquire the 

formal operational cognitive level for success in chemistry. 

However, studies at different colleges and universities have 

reported that the majority of students who study chemistry at 

the introductory level operate at the concrete operational 

cognitive level. The review also included data on chemists as 

learners. Since the majority of chemical educators teaching 

in colleges and universities are chemists by training and 

educators by experience, knowing the learning styles of 

chemists as a group would serve to illustrate their impact in 

instruction and influence on students. 
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CHAPTER III 

RESEARCH DESIGN AND METHODOLOGY 

Introduction to Study 

The purpose of this study is to explain the differences 

between learning styles of Hispanic and Anglo students in 

chemistry in an effort to discover characteristics of the 

Hispanic student population that might lead to more effective 

educational practices for them. The elements of the study to 

be discussed include the following: the subjects of the 

study, the two instruments utilized, the data collection 

procedures, the hypotheses of the study, the treatments used 

on the subjects, and the design and analysis of the data. 

Using the Learning Style Inventory developed by David Kolb, 

it is the intent of this researcher to examine the learning 

styles of an intact group of Hispanic students enrolled in 

chemistry. The scope of this study intends to advance 

knowledge about matching learning styles to teaching styles. 

The selection of the participants is based on traditional or 

dualistic Hispanics enrolled in chemistry at Texas Southmost 

College in partnership with The university of Texas at 

Brcjwnsville. 

Additionally, a questionnaire designed specifically for 

this study with the assistance of Dr. Michael Mezack, further 
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seeks to ascertain if there are gender differences in 

leeirning styles. 

The data are to be analyzed through the use of the 

VAX/VMS mainframe computer located at University of Texas in 

Brownsville in partnership with Texas Southmost College. All 

statistical tests were done using routines available in the 

Statistical Package for the Social Sciences (SPSSX). 

Subjects 

The study sample was drawn from Texas Southmost College 

in Brownsville, Texas. This college's student body was 

uniquely suited to the interests of the study as 85.6 percent 

of the student body is Hispanic. The sample selected 

consisted of Hispanic eind white nonHispanic students enrolled 

in Introductory Chemistry I and General Chemistry I during 

the Fall 1991, Spring 1992, and Fall 1992 semesters. 

Introductory Chemistry I is offered as a terminal course in 

chemistry for non-science majors or technology students. 

General Chemistry I is the traditional academic sequence 

course offered for students majoring in science, engineering 

and mathematics. Both courses cover the following major 

topics: atomic and molecular structure, chemical bonding, the 

states of matter, solution calculations, acid-base concepts, 

and nomenclature. Respondents representative of other ethnic 

heritages were excluded from the study because the number of 

respondents was too small and the specific interest of the 
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study was to compare the learning styles of Hispanic and 

Anglo students. It should be noted that although Hispanic is 

a term that refers to all populations with a Spanish origin, 

the Hispanics in this sample were primarily Mexican-

Americans, a subgroup of the total Hispanic population with 

an origin specifically from Mexico. 

This researcher chose the most popular nonrandom 

scunpling method, accidental sampling. This method of sampling 

is based exclusively on the most convenient cases for a study 

and excludes the inconvenient cases. The popularity of this 

form of accidental sampling in educational research has 

provoked some observers to view educational research as "the 

science of the college sophomore," since so many college 

students are the subjects for educational research (Levin and 

Fox, 1991). As a result of the sampling technique used for 

this study the number of Hispanic students (N=189) is large 

compared to the number Anglo students (N=39). The objective 

of this researcher was to obtain a sample which was 

representative of the larger population of students at Texas 

Southmost College (Hispanic and Anglo) who were enrolled in 

chemistry. Since random samples give each and every 

population member the same chance for sample selection, they 

are in the long run more representative of population 

characteristics. However, researchers can always expect some 

differences between a sample and the population from which it 

is drawn. Known as sampling error, this difference results 
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regardless of how well the sampling plan has been designed 

and carried out. Since sample size influences the precision 

of sample results the large number of Hispanic students in 

this study will undoubtly result in a larger margin of error. 

Students (Hispanic and Anglo) enrolled in a chemistry 

class at Texas Southmost College will not necessarily be 

representative of the total student body. Since chemistry at 

Texas Southmost College is not on the concurrent list with 

remedial courses, the majority of the students enrolled in 

chemistry will be expected to possess those skills usually 

associated with academic success. 

Two hundred sixty seven students were surveyed from 

Introductory Chemistry and General Chemistry I during the 

Fall 1991, Spring 1992, and Fall 1992 semesters. Of this 

number, twenty failed to follow directions and responded to 

the LSI with ties, eight failed to complete the LSI fully, 

eight were repeating the courses and were not counted twice, 

one was not included because he was neither Anglo nor 

Hispanic, and two failed to complete all items in the 

questionnaire. The result yielded 228 students as the final 

sample for the study, a participation rate of 85.4 percent. 

A general description of the students was compiled by 

inspecting the responses on the demographic questionnaire. 

One third (33.3 percent) of the students surveyed were 

classified as sophomores; that is, they had completed between 

31-60 hours of college credit (see Teible 3.1). The majority 
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Table 3.1 Number and Percent of Students By Class 

Class Frequency Percent 

Beginning Freshman 
Males 
Females 
Total 

Freshman 
Males 
Females 
Total 

Sophomore 
Males 
Females 
Total 

Junior 
Males 
Females 
Total 

Senior 
Males 
Females 
Total 

Graduate 
Males 
Females 
Total 

32 
28 
60 

20 
35 
55 

31 
45 
76 

11 
18 
29 

2 
1 
3 

2 
3 
5 

32. 
21. 
26. 

20. 
26. 
24. 

31. 
34. 
33. 

11, 
13, 
12 

2 

1 

2 
2 

,7 
5 
,3 

,4 
,9 
.1 

.6 

.6 

.3 

.2 

.8 

.7 

.0 

.8 

.3 

.0 

.3 
2.2 

(57.0 percent) of the students were female (see Table 3.2). 

The 18-24 year old cohort represented the majority (66.2 

percent) of the students surveyed (see Table 3.3). Of the 228 
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Table 3.2 Number of Students By Gender 

Gender Fre<juency Percent 

Male 98 43.0 

Female 130 57.0 

students surveyed (see Table 3.4),the majority (82.9 percent) 

were Hispanic. 

Response to the question, "Did you successfully complete 

a high school chemistry class?," the result yielded an equal 

(50.0 percent) frequency of "yes" and "no" (see Table 3.5). 

The majority (63.6 percent) of the students indicated 

that they were not currently enrolled in a math course (see 

Table 3.6). There was equal representation from the 

Introductory Chemistry (50.4 percent) and the General 

Chemistry I (49.6 percent) in this survey (see Table 3.7). 

Instrumentation 

Data were collected from the subjects on the following 

two instruments: a research-created demographic questionnaire 

and David A. Kolb's Learning Style Inventory (LSI). (See 

appendix for complete instruments.) 

The Learning Style Inventory developed by David A. Kolb 

in 1976 and revised in 1985 was used to assess cognitive 

learning styles. The LSI (Kolb, 1985) is a self-descriptive 
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Table 3.3 Number and Percent of Students By Age 

Age Frequency 

18-24 years 
Males 
Females 
Total 

25-30 years 
Males 
Females 
Total 

31-45 years 
Males 
Females 
Total 

74 
77 
151 

12 
20 
32 

11 
29 
40 

Percent 

75.5 
59.2 
66.2 

12.2 
15.4 
14.0 

11.2 
22.3 
17.5 

46-65 years 
Males 
Females 
Total 

0 
3.1 
1.8 

over 65 years 
Males 
Females 
Total 

1.0 
0 
.4 

Table 3.4 
Background 

Number and Percent of Students By Ethnic 

Ethnic Background Frequency Percent 

Anglo 
Males 
Females 
Total 

13 
26 
39 

13.3 
20.0 
17.1 

Hispanic 
Males 
Females 
Total 

85 
104 
189 

86.7 
80.0 
82.9 
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Table 3.5 Number and Percent of Students Completing a High 
School Chemistry Class 

HS Chemistry Class Frequency Percent 

No 
Males 43 43.9 
Females 71 54.6 
Total 114 50.0 

Yes 
Males 55 56 .1 
Females 59 45.4 
T o t a l 114 50.0 

i n s t r u m e n t d e s i g n e d t o a s s e s s an i n d i v i d u a l ' s p r e f e r r e d 

l e a r n i n g s t y l e and d e t e r m i n e how t h a t pe r son d e a l s w i t h i d e a s 

and d a y - t o - d a y s i t u a t i o n s . This i n s t r u m e n t was chosen b e c a u s e 

t h e i n s t r u m e n t was d e s i g n e d t o m e a s u r e c o g n i t i v e s t y l e 

p r e f e r e n c e and t h e a b i l i t y t o map t h o s e p r e f e r e n c e s f o r 

a n a l y s i s . 

Kolb (1986) b a s e d t h e LSI on e x p e r i e n t i a l l e a r n i n g 

t h e o r y which v i ews l e a r n i n g a s a p r o c e s s i n which c o n c r e t e 

e x p e r i e n c e i s t r a n s l a t e d t h r o u g h r e f l e c t i o n and o b s e r v a t i o n 

i n t o a b s t r a c t c o n c e p t s . These c o n c e p t s become t h e b a s i s f o r 

c h o o s i n g new e x p e r i e n c e s which t h e n become new c o n c e p t s . 

A c c o r d i n g t o Ko lb ( 1 9 8 6 ) , b o t h d i m e n s i o n s ( c o n c r e t e 

e x p e r i e n c e / a b s t r a c t c o n c e p t u a l i z a t i o n a n d a c t i v e 

e x p e r i m e n t a t i o n / r e f l e c t i v e o b s e r v a t i o n ) a r e r e q u i r e d f o r 

e f f e c t i v e l e a r n i n g . An i n d i v i d u a l deve lops p a t t e r n s of 
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Table 3.6 Number and Percent of Students Enrolled in a Math 
Course 

Math Course Frequency Percent 

Math 1003 
Males 0 
Females 4 
Total 4 

Math 1013 
Males 4 
Females 7 
Total 11 

Math 1023 
Males 4 
Females 5 
Total 9 

Math 113 
Males 18 
Females 11 
Total 29 

Math 114 
Males 1 
Females 0 
Total 1 

Math 123 
Males 6 
Females 6 
Total 12 

Math 143 
Males 2 
Females 1 
Total 3 

Math 183 
Males 3 
Females 2 
Total 5 

Math 213 
Males 2 
Females 5 
Total 7 
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2 

2 
3 
3 

0 
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1 
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1 
8 

.9 

,4 
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Table 3.6 Continued 

Math Course Frequency Percent 

Math 273 
Males 0 0 
Females 1 . g 
Total 1 .4 

Math 283 
Males 1 1.0 
Females 0 0 
Total 1 .4 

None 
Males 57 58.2 
Females 88 67.7 
Total 145 63.6 

Table 3.7 Number and Percent of Students By Course 

Course Frequency Percent 

Introductory Chemistry 
Males 39 39.8 
Females 76 58.5 
Total 115 50.4 

(Seneral Chemistry I 
Males 
Females 
Total 

59 
54 

113 

60.2 
41.5 
49.6 

information processing in a par t icular dimension through 

heredity and the process of socia l iza t ion. These unique 

pattern become characteristic cognitive styles. According to 
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Kolb (1984), there are four basic learning styles: 

Convergers, Divergers, Assimilators, and Accommodators. 

The convergent learning style relies on the dominant 

learning abilities of abstract conceptualization and active 

experimentation. This type of learner has greatest strengths 

in problem solving, decision making, and practical 

application of ideas. He prefers dealing with technical 

tasks and problems rather than social and interpersonal 

issues. 

The divergent learning style emphasizes concrete 

experience and reflective observation. This type of learner 

has greatest strengths in adaptation by observation rather 

than action. He prefers dealing with people and tends to be 

imaginative and feeling-oriented. 

The assimilation learning style relies on abstract 

conceptualization and reflective observation. This type of 

learner has greatest strengths in inductive reasoning and the 

ability to create theoretical models. He is less focused on 

people and more concerned with ideas and abstract concepts. 

The accommodative learning style emphasizes concrete 

experience and active experimentation. This type of learner 

has greatest strength in carrying out plans and tasks, 

seeking opportunity, and taking risks. He is at ease with 

people but sometimes he is seen as impatient (Kolb, 1984). 

The inventory is a 12-item questionnaire. The LSI can be 

either self-scored or scored by the administrator. 
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Respondents are asked to rank-order sentence endings in a way 

that best describes their learning style. One ending in each 

item corresponds to one of the four learning styles: (a) 

concrete experience (CE) is an experience-based, involved 

approach to learning; (b) abstract conceptualization (AC) is 

a conceptually-based, analytic approach to learning; (c) 

active experimentation (AE) is an action-based, active 

approach to learning; and (d) reflective observation (RO) is 

an observation-based, impartial approach to learning. 

On the basis of the responses on the LSI, the degree to 

which an individual possesses abilities relative to each 

stage of the cycle is measured. The four columns are added 

to give the scores, ranging from 12 to 48, for the four 

learning styles. The two combination scores, AC-CE and AE

RO, are then figured. The AC-CE score measures student's 

preference for the abstract mode over the concrete mode and 

the AE-RO measures the preference for the active mode over 

the reflective mode. These scores are used to identify 

overall style preference and cognitive style mapping. The 

mapping is done by plotting the AC-CE and AE-RO combination 

scores on a grid. The AC-CE score is plotted on the vertical 

axis, and the AE-RO score is plotted on the horizontal axis. 

The grid is divided into four quadrants, one for each 

cognitive style, and is divided into intervals on each axis 
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on the basis of normative data from the general population 

(see Figure 3.1). 

Kolb's LSI was revised in 1985 and is an improved 

version of the original. The improvements include such 

features as simplified language, improved reliability, and 

more representative normative sample (more ethnically 

diverse, clearer instructions, and simplified scoring). 

Reliability coefficients are reported in the manual for 

the four individual scores and range from 0.71 to 0.84 (Kolb, 

1976, 1986). 

Construct validity is defended in the technical manual 

(Kolb, 1976). Correlation coefficients between the LSI and 

MBTI are reported in the manual for the four individual 

scores as well as the AC-CE and AE-RO scores and range from 

-0.42 to 0.39. 

Kolb's instrument is available from McBer and Company, 

137 Newbury Street, Boston, Massachusetts 02116. The cost of 

the instrument varies according to the form used and the 

number of instruments ordered. 

Data Collection 

This researcher administered the Learning Style 

Inventory and a profile questionnaire to students enrolled in 

Introductory Chemistry I and General Chemistry I the final 

week of the semester during Fall 1991, Spring 1992, and Fall 

1992. In order to use Texas Southmost College students for 
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this study, this researcher had to seek the permission of the 

Human Subjects Review Committee. (See appendix for permission 

to use Texas Southmost College chemistry students.) This 

researcher passed out a packet to each student in the class 

which contained two consent forms explaining the reason for 

the data collection, a research-created demographic 

questionnaire and a Learning Style Inventory. Students were 

informed that their participation in the study was strictly 

voluntary and their decision whether or not to participate 

would not prejudice their current or future relationship 

with Texas Tech University or Texas Southmost College. 

Students who volunteered for this study signed and dated the 

two copies of the consent form and began filling out the 

questionnaire and the LSI. After completion of the 

instruments the students handed the packet to this 

researcher. 

Hypotheses 

Based on the review of the literature in Chapter II, the 

research questions in this study were tested using the 

following null hypotheses: 

1. There is no significant difference in the learning 

styles between Hispanic and Anglo students in 

chemistry, as measured by Kolb's Learning Style 

Inventory. 
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2. There is no significant difference in the learning 

styles between Hispanic male and Anglo male 

students in chemistry, as measured by Kolb's 

Learning Style Inventory. 

3. There is no significant difference in the learning 

styles between Hispanic female and Anglo female 

students in chemistry, as measured by Kolb's 

Learning Style Inventory. 

4. There is no significant difference in the grades 

earned between Hispanic and Anglo students in 

chemistry. 

5. There is no significant difference in the grades 

earned between Hispanic male and Anglo male 

students in chemistry. 

6. There is no significant difference in the grades 

earned between Hispanic female and Anglo female 

students in chemistry. 

7. There is no significant difference in the learning 

styles between males and females in chemistry. 

8. There is no significant difference in the grades 

earned between male and female students in 

chemistry. 

Design and Analysis 

The data were analyzed through the use of the VAX/VMS 

mainframe computer located at University of Texas in 
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Brownsville in partnership with Texas Southmost College. All 

statistical tests were done using routines available in the 

Statistical Package for the Social Sciences (SPSSX). 

Initially, a frequency analysis was done to construct a 

sociographic profile of the study sample. This profile was 

used to identify four Scunple subgroups Hispanic students, 

Anglo students, male students, and female students. 

The dependent variable in this this study was the final 

average in the chemistry course. The final average is used 

to determine and report the final letter grade to the 

registrar. Usually the course grade is reported as a letter 

grade based on the number of percentage points earned by the 

student in the semester, according to the following grading 

system: "A" = 90-100%; "B" = 80-89%; "C" = 70-79%; "D" = 60-

69%; and "F" = below 60%. It is the observation of this 

researcher that the final calculated average of the chemistry 

course is a more valid measure of the achievement of the 

student than the letter grade earned. 

Hypothesis 1 

There is no significant difference in the learning 

styles between Hispanic and Anglo students in chemistry, as 

measured by Kolb's Learning Style Inventory. 

In order to explore how learning styles might differ in 

Hispanic and Anglo students in chemistry, mean scores on the 

Active-Reflective (AE-RO) and Abstract-Concrete (AC-CE) 
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scales were computed for each group. A positive score on the 

AC-CE scale indicates that the subject is more abstract. A 

negative score on the AC-CE scale indicates that the subject 

is more concrete. Likewise, a positive or negative score on 

the AE-RO scale indicates that the subject is either more 

active or more reflective. To determine if there was a 

significant difference in the mean scores a Student's t test 

was used. The chi-square test was used to test whether 

learning style was significantly related to an Hispanic or 

Anglo chemistry student. This was the appropriate test 

because both the independent variable (Hispanic or Anglo) and 

the dependent variable (the student's learning style) were 

categorical. Chi-square, which is used to test for 

significant differences in cross-tabulated data, is the most 

frequently used nonparametric test. Chi-square is used to 

make comparisons between frequencies rather than between mean 

score. As a result, the null hypothesis for the chi-square 

test states that the populations do not differ with respect 

to frequency of occurrence of a given characteristic. The 

null hypothesis would therefore test that Hispanic and Anglo 

learning styles are independent or equally represented. 
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Hypothesis 2 

There is no significant difference in the learning 

styles between Hispanic male and Anglo male students in 

chemistiry, as measured by Kolb's Learning Style Inventory. 

The Student's t test and chi-square test were used to 

test Hypotheis 2. In order to explore how learning styles 

might differ in Hispanic male and Anglo male students in 

chemistry, mean scores on the Active-Reflective (AE-RO) and 

Abstract-Concrete (AC-CE) scales were computed for each 

group. To determine if there was a significant difference 

in the mean scores a Student's t test was used. The chi-

square test was used to test whether learning style was 

significantly related to Hispanic male or Anglo male 

chemistry students. This was the appropriate test because 

both the independent variable (Hispanic male or Anglo male) 

and the dependent variable (the student's learning style) 

were categorical. Chi-square, which is used to test for 

significant differences in cross-tabulated data, is the most 

frequently used nonparametric test. Chi-square is used to 

make comparisons between frequencies rather than between mean 

score. As a result, the null hypothesis for the chi-square 

test states that the populations do not differ with respect 

to frequency of occurrence of a given characteristic. The 

null hypothesis would therefore test that Hispanic male and 
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Anglo male learning styles are independent or equally 

represented. 

Hypothesis 3 

There is no significant difference in the learning 

styles between Hispanic female and Anglo female students in 

chemistry, as measured by Kolb's Learning Style Inventory. 

The Student's t test and chi-square test were used to 

test Hypothesis 3. In order to explore how learning styles 

might differ in Hispanic female and Anglo female students in 

chemistry, mean scores on the Active-Reflective (AE-RO) and 

Abstract-Concrete (AC-CE) scales were computed for each 

group. To determine if there was a significant difference in 

the mean scores a Student's t test was used. The chi-

square test was used to test whether learning style was 

significantly related to Hispanic female or Anglo female 

chemistry students. This was the appropriate test because 

both the independent variable (Hispanic female or Anglo 

female) and the dependent variable (the student's learning 

style) were categorical. Chi-square, which is used to test 

for significant differences in cross-tabulated data, is the 

most frequently used nonparametric test. Chi-square is used 

to make comparisons between frequencies rather than between 

mean score. As a result, the null hypothesis for the chi-
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square test states that the populations do not differ with 

respect to fretjuency of occurrence of a given characteristic. 

The null hypothesis would therefore test that Hispanic female 

and Anglo female learning styles are independent or equally 

represented. 

Hypothesis 4 

There is no significant difference in the grades earned 

between Hispanic and Anglo students in chemistry. 

The Student's t test was used to test Hypothesis 4. In 

order to explore how grades might differ in Hispanic and 

Anglo students in chemistry, mean scores of the average grade 

were computed for each group. To determine if there was a 

significant difference in the mean scores a Student's t test 

was used. 

Hypothesis 5 

There is no significant difference in the grades earned 

Hispanic male and Anglo male students in chemistry. 

The Student's t test was used to test Hypothesis 5. In 

order to explore how grades might differ in Hispanic male and 

Anglo male students in chemistry, mean scores of the average 

grade were computed for each group. To determine if there 

was a significant difference in the mean scores, a Student's 

t test was used. 
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Hypothesis 6 

There is no significant difference in the grades earned 

Hispanic female and Anglo female students in chemistry. 

The Student' s t test was used to test Hypothesis 6. In 

order to explore how grades might differ in Hispanic female 

and Anglo female students in chemistry, mean scores of the 

average grade were computed for each group. To determine if 

there was a significant difference in the mean scores, a 

Student's t test was used. 

Hypothesis 7 

There is no significant difference in the learning 

styles between males and females in chemistry. 

In order to explore how learning styles might differ in 

male and female students in chemistry, mean scores on the 

Active-Reflective (AE-RO) and Abstract-Concrete (AC-CE) 

scales were computed for each group. A positive score on the 

AC-CE scale indicates that the subject is more abstract. A 

negative score on the AC-CE scale indicates that the subject 

is more concrete. Likewise, a positive or negative score on 

the AE-RO scale indicates that the subject is either more 

active or more reflective. To determine if there was a 

significant difference in the mean scores, a Student's t test 

was used. The chi-square test was used to test whether 

learning style was significantly related to male or female 

chemistry students. This was the appropriate test because 
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both the independent variable (male or female) and the 

dependent variable (the student's learning style) were 

categorical. Chi-square, which is used to test for 

significant differences in cross-tabulated data, is the most 

frequently used nonparametric test. Chi-square is used to 

make comparisons between frequencies rather than between mean 

score. As a result, the null hypothesis for the chi-square 

test states that the populations do not differ with respect 

to frequency of occurrence of a given characteristic. The 

null hypothesis would therefore test that male and female 

learning styles are independent or equally represented. 

Hypothesis 8 

There is no significant difference in the grades earned 

between male and female students in chemistry. 

The Student's t test was used to test Hypothesis 8. In 

order to explore how grades might differ in male and female 

students in chemistry, mean scores of the average grade were 

computed for each group. To determine if there was a 

significant difference in the mean scores a Student's t test 

was used. 

Summary 

From a total of 267 students surveyed in Introductory 

Chemistry and General Chemistry I at Texas Southmost College 

during the Fall 1991, Spring 1992, and Fall 1992 semesters, 

228 voluntarily participated in the study by completely 
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filling out the two instruments. This was a participation 

rate of 85.4 percent. The instrument used to explain the 

differences between learning styles of Hispanic and Anglo 

students in chemistry was described as was the procedure used 

to gather the data. The hypotheses for the study were listed 

and the appropriate research methods to be used to evaluate 

the hypotheses were explained. 
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CHAPTER IV 

PRESENTATION AND ANALYSIS OF DATA 

The major goal this this study was to compare and 

explain the differences between learning styles of Hispanic 

and Anglo students in chemistry in an effort to discover 

characteristics of the Hispanic student population that might 

lead to more effective educational practices for them. 

Using the Learning Style Inventory developed by David 

Kolb, it is the intent of this researcher to examine the 

learning styles of an intact group of Hispanic students 

enrolled in chemistry. The scope of this study extends to 

advance knowledge about matching learning styles to teaching 

styles. The selection of the participants is based on 

traditional or dualistic Hispanics enrolled in chemistry at 

Texas Southmost College in partnership with The University of 

Texas at Brownsville. 

Two hundred sixty-seven students were surveyed from 

Introductory Chemistry and General Chemistry I during the 

Fall 1991, Spring 1992, and Fall 1992 semesters. 

The data were analyzed through the use of the VAX/VMS 

mainframe computer located at University of Texas in 

Brownsville in partnership with Texas Southmost College. All 

statistical tests were done using routines available in the 

Statistical Package for the Social Sciences (SPSSX), 

including t-tests and chi-square tests. The eight null 
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h y p o t h e s e s were r e j e c t e d o r n o t r e j e c t e d a c c o r d i n g t o t h e 

r e s u l t s of t h e s t a t i s t i c a l a n a l y s i s . A s i g n i f i c a n c e l e v e l of 

0 . 0 5 was u s e d i n a l l s t a t i s t i c a l t e s t s . I n i t i a l l y , a 

f r e q u e n c y a n a l y s i s was done t o c o n s t r u c t a s o c i o g r a p h i c 

p r o f i l e o f t h e s t u d y s a m p l e . T h i s p r o f i l e was u s e d t o 

i d e n t i f y f o u r s a m p l e s u b g r o u p s H i s p a n i c s t u d e n t s , Ang lo 

" s t u d e n t s , male s t u d e n t s , and female s t u d e n t s . 

R e s u l t s of t h e S t a t i s t i c a l A n a l y s i s 

H y p o t h e s i s 1 

T h e r e i s no s i g n i f i c a n t d i f f e r e n c e i n t h e l e a r n i n g 

s t y l e s b e t w e e n H i s p a n i c and Anglo s t u d e n t s i n c h e m i s t r y , a s 

measured by K o l b ' s Lea rn ing S t y l e I n v e n t o r y . 

T a b l e 4 . 1 M e a n s / S t a n d a r d D e v i a t i o n s and t Va lue f o r AC-CE 
Score by E t h n i c Background 

Group Mean S t a n d a r d D e v i a t i o n t 

Anglo 6.8718 13.786 - . 2 6 

H i s p a n i c 7.4392 11.977 

The r e s u l t s of t h e t - t e s t w e r e n o t s t a t i s t i c a l l y 

s i g n i f i c a n t ; t h e r e f o r e , t h e n u l l h y p o t h e s i s c o u l d n o t be 

r e j e c t e d ( s e e Tab le 4 . 1 ) . 
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Table 4.2 Means/Standard Deviations and t Value for AE-RO 
Score by Ethnic Background 

Group Mean Standard Deviation 

Anglo 

Hispanic 

.7179 9.222 

-2.0159 10.701 

1.49 

The results of the t-test were not statistically 

significant; therefore, the null hypothesis could not be 

rejected (see Table 4.2). 

Table 4.3 Contingency Table and Contingency Coefficient for 
Learning Style By Ethnic Background 

Learning 
Style 

Anglo Hispanic Contingency Approx. 
n=39 n=189 Coefficient Signifi-

Converger 

Diverger 

Assimilator 

Accommodator 

6 
15.4% 

14 
35.9% 

15 
38.5% 

4 
10.3% 

22 
11.6% 

32 
16.9% 

107 
56.6% 

28 
14.8% 

8.60260 .03507 

*Pearson chi-square probability 

The contingency coefficient computed from the 2x4 

contingency table relating learning style and ethnic 

background was statistically significant; therefore, Hispanic 
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and Anglo learning styles are not independent. The null 

hypothesis for this test is that the populations do differ 

with respect to frequency of occurrence (see Table 4.3). 

Hypothesis 2 

There is no significant difference in the learning 

styles between Hispanic male and Anglo male students in 

chemistry, as measured by Kolb's Learning Style Inventory. 

Table 4.4 Means/Standard Deviations and t Value for AC-CE 
Score: Males 

Group Mean Standard Deviation t 

Anglo 8.3077 16.012 .25 

Hispanic 7.3294 12.785 

The results of the t-test were not statistically 

significant; therefore, the null hypothesis could not be 

rejected (see Table 4.4). 
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Table 4.5 Means/Standard Deviations and t Value for AE-RO 
Score: Males 

Group Mean Standard Deviation 

Anglo 

Hispanic 

.6154 

-1.9647 

11.214 

10.690 

.81 

The results of the t-test were not statistically 

significant; therefore, the null hypothesis could not be 

rejected (see Table 4.5). 

Table 4.6 
Contingency Table and Contingency Coefficient for Learning 
Style By Ethnic Background Controling for Gender: Males 

Learning 
Style 

Converger 

Diverger 

Assimilator 

Accommodator 

Anglo 
n=13 

3 
23.1% 

4 
30.8% 

5 
38.5% 

1 
7.7% 

Hispanic 
n=85 

9 
10.6% 

17 
20.0% 

46 
54.1% 

13 
15.3% 

Contingency 
Coefficient 

3.03364 

Approx. 
Signifi
cance* 

.38647 

*Pearson chi-stjuare probability 
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The c o n t i n g e n c y c o e f f i c i e n t compu ted from t h e 2x4 

c o n t i n g e n c y t a b l e r e l a t i n g l e a r n i n g s t y l e and e t h n i c 

b a c k g r o u n d c o n t r o l i n g f o r m a l e s was n o t s t a t i s t i c a l l y 

s i g n i f i c a n t ; t h e r e f o r e , H i s p a n i c male and Anglo male l e a r n i n g 

s t y l e s a r e i n d e p e n d e n t . The n u l l h y p o t h e s i s f o r t h i s t e s t i s 

t h a t t h e p o p u l a t i o n s do n o t d i f f e r w i t h r e s p e c t t o f r e q u e n c y 

of o c c u r r e n c e ( s e e Tab le 4 . 6 ) . 

H y p o t h e s i s 3 

T h e r e i s no s i g n i f i c a n t d i f f e r e n c e i n t h e l e a r n i n g 

s t y l e s be tween H i s p a n i c female and Anglo female s t u d e n t s i n 

c h e m i s t r y , as measured by K o l b ' s Lea rn ing S t y l e I n v e n t o r y . 

T a b l e 4 . 7 M e a n s / S t a n d a r d D e v i a t i o n s and t Va lue f o r AC-CE 
S c o r e : Females 

Group Mean S tanda rd D e v i a t i o n t 

Anglo 6.1538 12.815 - . 5 4 

H i s p a n i c 7.5288 11.335 

The r e s u l t s of t h e t - t e s t w e r e n o t s t a t i s t i c a l l y 

s i g n i f i c a n t ; t h e r e f o r e , t h e n u l l h y p o t h e s i s c o u l d n o t be 

r e j e c t e d ( s e e Tab le 4 . 7 ) . 
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Table 4.8 Means/Standard Deviations and t Value for AE-RO 
Score: Females 

Group Mean Standard Deviation 

Anglo 

Hispanic 

.7692 8.301 

-2.0577 10.761 

1.25 

The results of the t-test were not statistically 

significant; therefore, the null hypothesis could not be 

rejected (see Table 4.8). 

Table 4.9 Contingency Table and Contingency Coefficient for 
Learning Style By Ethnic Background Controling for Gender: 
Females 

Learning 
Style 

Anglo Hispanic Contingency Approx. 
n=26 n=104 Coefficient Signifi-

Converger 3 
11.5% 

13 
12.5% 

7.94344 .04719 

Diverger 

Assimilator 

10 
38.5% 

10 
38.5% 

15 
14.4% 

61 
58.7% 

Accommodator 3 
11.5% 

15 
14.4% 

*Pearson chi-square probability 
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The contingency coefficient computed from the 2x4 

contingency table relating learning style and ethnic 

background controling for females was statistically 

significant; therefore, Hispanic and Anglo learning styles 

are not independent. The null hypothesis for this test is 

that the populations do differ with respect to fretjuency of 

cxjcurrence (see Table 4.9). 

Hypothesis 4 

There is no significant difference in the grades earned 

between Hispanic and Anglo students in chemistry. 

Table 4.10 Means/Standard Deviations and t Value for Overall 
Grade Average by Ethnic Background 

Group Mean Standard Deviation t 

4.44 

The r e s u l t s of t h e t - t e s t were s t a t i s t i c a l l y 

s i g n i f i c a n t ; t h e r e f o r e , t h e n u l l hypo the s i s could be 

r e j e c t e d . Anglo chemistry s tuden ts ' grades were s ign i f i can t ly 

higher than Hispanic chemistry s t u d e n t s ' grades (see Table 

4 .10 ) . 

Anglo 

Hispanic 

82.4359 

72.8783 

12.851 

12.106 
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Hypothesis 5 

There is no significant difference in the grades earned 

Hispanic male and Anglo male students in chemistry. 

The results of the t-test were statistically 

significant; therefore, the null hypothesis could be 

rejected. Anglo male chemistry students' grades were 

significantly higher than Hispanic male chemistry students' 

grades (see Table 4.11). 

Table 4.11 Means/Standard Deviations and t Value for Overall 
Grade Average: Males 

Group Mean Standard Deviation t 

Anglo 83.6923 12.685 3.27 

Hispanic 73.5765 10.028 

Hypothesis 6 

There is no significant difference in the grades earned 

Hispanic female and Anglo female students in chemistry. 
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Table 4.12 Means/Standard Deviations and t Value for Overall 
Grade Average: Females 

Group Mean Standard Deviation 

Anglo 81.8077 13.136 3.21 

Hispanic 72.3077 13.592 

The results of the t-test were statistically 

significant; therefore, the null hypothesis could be 

rejected. Anglo female chemistry students' grades were 

significantly higher than Hispanic female chemistry students' 

grades (see Table 4.12). 

Hypothesis 7 

There is no significant difference in the learning 

styles between males and females in chemistry. 

Table 4.13 Means/Standard Deviations and t Value for AC-CE 
Score by Gender 

Group Mean Standard Deviation t 

.12 Male 

Females 

7.4592 

7.2538 

13.168 

11.607 
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The results of the t-test were not statistically 

significant; therefore, the null hypothesis could not be 

rejected (see Table 4.13). 

Table 4.14 Means/Standard Deviations and t Value for AE-RO 
Scores by Gender 

Group Mean Standard Deviation 

Males 

Females 

-1.6224 

-1.4923 

10.737 

10.349 

.09 

The results of the t-test were not statistically 

significant; therefore, the null hypothesis could not be 

rejected (see Table 4.14). 

Table 4.15 Contingency Table and Contingency Coefficient for 
Learning Style By Gender 

Learning 
Style 

Converger 

Diverger 

Assimilator 

Accoimnodator 

Male 
n=98 

12 
12.2% 

21 
21.4% 

51 
52.0% 

14 
14.3% 

Female 
n=130 

16 
12.3% 

25 
19.2% 

71 
54.6% 

18 
13.8% 

Contingency 
Coefficient 

.21087 

Approx. 
Signifi
cance* 

.97582 

*Pearson chi-stjuare probability 
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The contingency coefficient computed from the 2x4 

contingency table relating learning style and gender was not 

statistically significant; therefore, male and female 

learning styles are independent. The null hypothesis for this 

test is that the populations do not differ with respect to 

frequency of occurrence (see Table 4.15). 

Hypothesis 8 

There is no significant difference in the grades earned 

between male and female students in chemistry. 

Table 4.16 Means/Standard Deviations and t Value for Overall 
Grade Average by Gender 

Group Mean Standard Deviation t 

.42 

The r e s u l t s of t h e t - t e s t were not s t a t i s t i c a l l y 

s i g n i f i c a n t ; t h e r e f o r e , t he n u l l hypothes is could not be 

re jec ted (see Table 4 .16) . 

Males 

Females 

74.9184 

74.2077 

10.903 

13.982 
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CHAPTER V 

SUMMARY, CONCLUSIONS, AND 

RECOMMENDATIONS 

By the beginning of the 21st century the United States 

will be struggling to maintain a worldwide competitive edge 

in science and technology. In order to meet its needs of 

scientists and engineers, the United States economy will have 

to rely on the growing number of minorities and women. 

However, historically in the United States, minorities have 

been underrepresented in science and engineering fields in 

education and the workforce. This raises important concerns 

about the ability to produce enough scientists and engineers 

to meet this country's future needs. Therefore, an important 

issue in higher education today is finding ways to encourage 

more minorities and women to pursue degrees in science and 

engineering. 

Of approximately 5,285,400 employed scientists and 

engineers in 1988 about 1.8 percent or 96,000 were Hispanic. 

About 44 percent of Hispanics reported less than 10 years of 

work experience compared to 31 percent for all scientists and 

engineers. Among the Hispanic S/E population, approximately 

46 percent were scientists and 54 percent were engineers. Of 

the total Hispanic scientists, approximately 10 percent were 

more likely to be life scientists (biology) compared to five 
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percent likely to be physical scientists (chemistry, physics) 

(Lane, 1988). 

In 1988, 16 percent or 868,000 scientists and engineers 

were women. Because women in general have only recently made 

strides into the S/E workforce, approximately 60 percent 

report less than 10 years of work experience in 1986. During 

1988, 30 percent of all scientists and four percent of all 

engineers were women. Women comprise approximately 28 

percent of all the life scientists (biology) and 15 percent 

of all physical (chemistry, physics) scientists (Lane, 1988). 

Relatively few women scientists and engineers are 

Hispanic, only three percent. Approximately 75 percent of 

Hispanic women had less than 10 years of work experience in 

1986. Of the total Hispanic women scientists, approximately 

15 percent were likely to be life (biology) scientists 

compared to five percent likely to be physical (chemistry, 

physics) scientists (Lane, 1988). Despite the recent growth 

of Hispanics and women employed in S/E during this decade, 

these populations continue to be severely underrepresented 

(Lane, 1988). 

Demographic statistics predict that by the turn of the 

century, minorities will have overtaken Anglos as the 

majority population in fifty-three major cities in the United 

States (Wiley, 1989). However, it is widely known that 

compared to Anglos a smaller proportion of minorities, ages 

18 to 24, have graduated from high school. As indicated by 
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the figures above, the number of minority college graduates 

is lower that of Anglos. Hispanic persistence rate in the 

sciences have been 29 percent, as compared to the national 

total of 79 percent (Wiley, 1989). 

Poor preparation in science and mathematics is said to 

be a major factor which limits the appeal of science and 

engineering to minorities and women. Improving science 

instruction is, therefore, imperative for preparation and 

retention of minorities in these disciplines. Science and 

engineering educators should, therefore, be encouraged to 

investigate and evaluate the methods of science instruction 

currently being utilized. 

One area of scrutiny in education today is the 

traditional format of instruction which has not changed 

noticeably in S/E classrooms in decades. The characteristics 

are typically a textbook and lecture format delivered to a 

large group of students who sit quietly in neat rows and 

record notes. 

Several investigators have proposed that this format of 

instruction does not serve the needs of all students with 

different learning styles. That is, students with learning 

attributes which are likely to be unsuccessful, are not 

congruent with the traditional format of instruction. In 

fact, learning styles researchers suggest that at any given 

time during a traditional lecture, one half to three quarters 
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of the students are not learning effectively with this method 

(Samples and Hammond, 1985). 

In the past two decades a number of studies have found 

that student's achievement increases when the instructional 

methods match their learning styles (Domino, 1971; Charkins, 

1985; Dunn, 1989; Piland, 1990). Unfortunately for most 

students, instructors usually will teach using the same 

method by which they were taught (Marshall, 1991). The 

coincidence is that the instructors had experienced a good 

match of learning style and teaching style when they were 

students; hence, they were successful (Marshall, 1991). The 

instructors are often left perplexed concerning why all the 

students do not grasp the concepts equally when they instruct 

a class in the way it was taught to them. 

Although researchers have reported that students at all 

levels have greater motivation and perform at higher levels 

academically when instructional techniques compliment their 

learning styles, many instructors do not identify with the 

distinct characteristics of minorities. Ramirez (1973) has 

suggested that intellectual patterns observed are manifested 

as culturally unique learning styles. An abundance of 

literature has demonstrated three fundamental cultural 

characteristics of Hispanics (Vast3uez,1990). Hispanic students 

are distinquished by a sense of loyalty to the family 

(Vasquez,1979; Ramirez and Castaneda, 1974), preference of 

cooperative learning not competitive learning (Kagan and 
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Madsen, 1971), and a shortage of ethnic role models (Vasquez, 

1990). Individuals reared in traditional Hispanic families eire 

taught and encouraged to always be cognizant that their 

actions and accomplishments are a reflection on their family 

(Ramirez et al., 1974). Hence, Hispanics typically view 

interpersonal relationships with great regard and their 

commitment to mutual help results in cooperative achievement 

among members of their feunily. Many Hispanic students 

anticipate achievement in education through the medium of 

cooperative or group effort instead of through competitive 

activities (Vasquez,1990). This cooperative value is in 

contrast to the idea of achievement through individual 

competition encouraged at all levels in our schools (Ramirez 

et al., 1974). Strong interpersonal relationships among 

Hispanics also illustrates the social reinforcement that 

typically these students seek. The shortage of ethnic role 

models for Hispanics in various professions makes it difficult 

for these students to aspire to consider these careers 

(Vastjuez, 1979). People who serve as role models are important 

because their presence may suggest to students the possibility 

of entering the various professions. 

Traditionally, educational institutions have chosen to 

ignore the culturally unique learning styles of members of 

minority groups (Ramirez, 1973) Hispanic educators have 

argued that educational programs which do not recognize the 
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unique learning styles of the people they serve also do not 

provide culturally relevant learning environments. 

Several investigators have described that women display 

a learning style which is different than that of men. The 

characteristic that differentiates these learning styles is 

based on "relationship to others" (Magolda, 1989; Belenky, 

Clinchy, Goldberger, and Tarule, 1986). The way women 

perceive knowledge is a result of their attachment to others 

(Belenky et al. , 1986). Kolb (1986) has suggested that 

women's approach to learning may be affected by 

socialization. He explained the differences found in learning 

styles to be a result of the socialization of men, which 

tends to be impersonal and logical, versus the socialization 

of women, which tends to be personal and caring. Gender 

differences in learning styles have been investigated by Kolb 

(1986). The findings revealed that women prefer concrete 

experience over abstract conceptualization. Kolb found that 

59 percent of men were oriented toward the abstract and 41 

percent were toward the concrete. For women, 59 percent were 

oriented toward the concrete and 41 percent toward the 

abstract. 

The purpose of this study was to compare the learning 

styles of Hispanic and Anglo students enrolled in chemistry. 

Two hundred sixty-seven students were surveyed from 

Introductory Chemistry and General Chemistry I during the 
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Fall 1991, Spring 1992, and Fall 1992 semesters at Texas 

Southmost College. 

The data were analyzed through the use of the VAX/VMS 

mainframe computer located at University of Texas in 

Brownsville in partnership with Texas Southmost College. All 

statistical tests were done using routines available in the 

Statistical Package for the Social Sciences (SPSSX), 

including t-tests, and Chi-square tests. The eight null 

hypotheses were rejected or not rejected according to the 

results of the statistical analysis. A significance level of 

0.05 was used in all statistical tests. Initially, a 

frequency analysis was done to construct a sociographic 

profile of the study sample. This profile was used to 

identify four sample subgroups-Hispanic students, Anglo 

students, male students, and female students. 

Conclusions 

Hypothesis 1 

There is no significant difference in the learning 

styles between Hispanic and Anglo students in chemistry, as 

measured by Kolb's Learning Style Inventory. 

The results of the t-test indicated that the null 

hypothesis could not be rejected. Both Anglo and Hispanic 

students in chemistry had mean AC-CE scores which were 

positive which indicated that both groups had learning styles 

which were abstract. Mean AE-RO scores were positive for 
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Anglo chemistry students and negative for Hispanic chemistry 

students which revealed that an active learning style is 

favored by Anglo students and a reflective learning style is 

favored by Hispanic students. The results of the chi-square 

test revealed the null hypothesis could be rejected. 

According to the chi-stjuare test there does appear to be a 

difference in the learning styles between Hispanic and Anglo 

students in chemistry, as measured by Kolb's Learning Style 

Inventory. 

Hypothesis 2 

There is no significant difference in the learning 

styles between Hispanic male and Anglo male students in 

chemistry, as measured by Kolb's Learning Style Inventory. 

The results of the t-test indicated that the null 

hypothesis could not be rejected. Both Anglo male and 

Hispanic male students in chemistry had mean AC-CE scores 

which were positive which indicated that both groups had 

learning styles which were abstract. Mean AE-RO scores were 

positive for. Anglo male chemistry students and negative for 

Hispanic male chemistry students which revealed that an 

active learning style is favored by Anglo students and a 

reflective learning style is favored by Hispanic students. 

The results of the chi-square test revealed that the null 

hypothesis could not be rejected. According to the chi-stjuare 
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test there does not appear to be a difference in the learning 

styles between Hispanic male and Anglo males students in 

chemistry, as measured by Kolb's Learning Style Inventory. 

Hypothesis 3 

There is no significant difference in the learning 

styles between Hispanic female and Anglo female students in 

chemistry, as measured by Kolb's Learning Style Inventory. 

The results of the t-test indicated that the null 

hypothesis could not be rejected. Both Anglo female and 

Hispanic female students in chemistry had mean AC-CE scores 

which were positive which indicated that both groups had 

learning styles which were abstract. Mean AE-RO scores were 

positive for Anglo female chemistry students and negative for 

Hispanic female chemistry students which revealed that an 

active learning style is favored by Anglo students and a 

reflective learning style is favored by Hispanic students. 

The results of the chi-square test resulted in rejecting the 

null hypothesis. According to the chi-stjuare test there does 

appear to be a difference in the learning styles between 

Hispanic female and Anglo female students in chemistry, as 

measured by Kolb's Learning Style Inventory. 
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Hypothesis 4 

There is no significant difference in the grades earned 

between Hispanic and Anglo students in chemistry. 

The results of the t-test indicated that the null 

hypothesis could be rejected. Anglo chemistry students' 

grades were significantly higher than Hispanic chemistry 

students' grades by almost ten points or the difference 

between a letter grade of "C" and "B". 

Hypothesis 5 

There is no significant difference in the grades earned 

Hispanic male and Anglo male students in chemistry. 

The results of the t-test indicated that the null 

hypothesis could be rejected. Anglo male chemistry students' 

grades were significantly higher than Hispanic male chemistry 

students' grades by almost ten points, or the difference 

between a letter grade of "C" and "B". 

Hypothesis 6 

There is no significant difference in the grades earned 

Hispanic female and Anglo female students in chemistry. 

The results of the t-test indicated that the null 

hypothesis could be rejected. Anglo female chemistry 

students' grades were significantly higher than Hispanic 

female chemistry students' grades by almost ten points, or 

the difference between a letter grade of "C" and "B." 
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Hypothesis 7 

There is no significant difference in the learning 

styles between males and females in chemistry. 

The results of the t-test indicated that the null 

hypothesis could not be rejected. Both Males and Females 

students in chemistry had mean AC-CE scores which were 

positive which indicated that both groups had learning styles 

which were abstract. Mean AE-RO scores were negative which 

revealed that both groups shared a reflective learning style. 

The results of the chi-square test revealed that the null 

hypothesis could not be rejected. According to the chi-stjuare 

test, there does not appear to be a difference in the 

learning styles between male and female students in 

chemistry, as measured by Kolb's Learning Style Inventory. 

Hypothesis 8 

There is no significant difference in the grades earned 

between male and female students in chemistry. 

The results of the t-test indicated that the null 

hypothesis could not be rejected. Both male and female 

students in chemistry had mean Overall Grade Averages that 

did not differ significantly. 

The purpose of this study was to compare the learning 

styles of Hispanic and Anglo students enrolled in chemistry. 

Eight hypotheses were tested using routines available in the 
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statistical Package for the Social Sciences (SPSSX). The 

results of the eight hypotheses indicated: 

1. There is a significant difference in the learning 

styles between Hispanic and Anglo students 

in chemistry, as measured by Kolb's Learning Style 

Inventory. 

2. Both Anglo and Hispanic students in chemistry had 

mean AC-CE scores which were positive which 

indicated that both groups shared learning styles 

which were abstract. 

3. Mean AE-RO scores were positive for Anglo chemistry 

students and negative for Hispanic chemistry 

students which revealed that an active learning 

style is favored by Anglo students and a reflective 

learning style is favored by Hispanic students. 

4. There is no significant difference in the learning 

styles between Hispanic male and Anglo male 

students in chemistry, as measured by Kolb's 

Learning Style Inventory. 

5. Both Anglo male and Hispanic male students in 

chemistry had mean AC-CE scores which were positive 

which indicated that both groups shared learning 

styles which were eibstract. 
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6. Mean AE-RO scores were positive for Anglo male 

chemistry students and negative for Hispanic male 

chemistry students which revealed that an active 

learning style is favored by Anglo male students 

and a reflective learning style is favored by 

Hispanic male students. 

7. There is a significant difference in the learning 

styles between Hispanic female and Anglo female 

students in chemistry, as measured by Kolb's 

Learning Style Inventory. 

8. Both Anglo female and Hispanic female students in 

chemistry had mean AC-CE scores which were positive 

which indicated that both groups had learning 

styles which were abstract. 

9. Mean AE-RO scores were positive for Anglo female 

chemistry students and negative for Hispanic female 

chemistry students which revealed that an active 

learning style is favored by Anglo students and a 

reflective learning style is favored by Hispanic 

students. 

10. There is a significant difference in the grades 

earned between Hispanic and Anglo students in 

chemistry. 
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11. Anglo chemistry student's grades were significantly 

higher than Hispanic chemistry student's grades by 

almost ten points, or the difference between a 

letter grade of "C" and "B." 

12. There is a significant difference in the grades 

earned between Hispanic male and Anglo male 

students in chemistry. 

13. Anglo male chemistry students' grades were 

significantly higher than Hispanic male chemistry 

students' grades by almost ten points or the 

difference between a letter grade of "C" and "B." 

14. There is a significant difference in the grades 

earned between Hispanic female and Anglo female 

students in chemistry. 

15. Anglo female chemistry students' grades were 

significantly higher than Hispanic female chemistry 

students' grades by almost ten points or the 

difference between a letter grade of "C" and "B." 

16. There is no significant difference in the learning 

styles between males and females in chemistry. 

17. Both male and female students in chemistry had mean 

AC-CE scores which were positive which indicated 

that both groups shared learning styles which were 

eibstract. 
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18. Both male and female students in chemistry had mean 

AE-RO scores which were negative which revealed 

that both groups shared a reflective learning 

style. 

19. There is no significant difference in the grades 

earned between male and female students in 

chemistry. 

Discussion 

Learning Styles 

Using The Gregorc Style Delineator, Kreuze and Payne 

(1989) reported that Hispanic students learning style 

preference did not differ significantly from those of Anglo 

students. This researcher is convinced that this study was 

flawed in that Kreuza and Payne used 627 students enrolled in 

business courses at a northern state university and a 

southwestern border state university. From the description of 

the data collection, there was no indication that only Anglo 

students were recruited from the northern state university or 

that only Hispanic students were recruited from the 

southwestern border state university. Hence, if the 

population of Hispanic students (N = 272) was commingled from 

both universities, there was a mixture of Traditional, 

Dualistic and Assimilated Hispanics in the data. The study 

did not reveal the percentage of Hispanic students from the 

respective universities. If the percentage of Hispanic 
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students from the Northern state university was significantly 

high, these students would most likely be from the 

Assimilated group and affect the fretjuency of response to the 

learning style instrument similar to that of the Anglo 

students. As was stated earlier, the more assimilated the 

minority family or individual, the more he or she tends to 

prefer a more field-independent (mainstream) learning style 

(Jimenez, 1983). 

However, the selection of the participants for this 

study was based on traditional or dualistic Hispanics 

enrolled in chemistry at Texas Southmost College in 

partnership with The University of Texas at Brownsville. 

The data revealed that there was a significant 

difference in the learning styles between Hispanic and Anglo 

students in chemistry as measured by Kolb's Learning Style 

Inventory. The majority of the Hispanic students (56.6 

percent) and Anglo student (38.5 percent) were identified as 

having the assimilation learning style. The divergent 

learning style was identified as the second frequent style 

for Hispanic students (16.9 percent) and Anglo students (35.9 

percent). However, both learning styles rely on the dominant 

learning ability of reflective observation. This finding is 

consistent with a shared disciplinary interest and the 

process of self-selection to pursue chemistry studies. Both 

Anglo and Hispanic students in chemistry had mean AC-CE 

scores which were positive which indicated that both groups 
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had learning styles which were abstract. Mean AE-RO scores 

were positive for Anglo chemistry students and negative for 

Hispanic chemistry students which revealed that an active 

learning style is favored by Anglo students and a reflective 

learning style is favored by Hispanic students. 

On closer inspection the data revealed that there was no 

significant difference in Learning Style between Hispanic 

males and Anglo males. However,there does appear to be a 

difference in learning style between Hispanic females and 

Anglo females. The majority of the Hispanic females (58.7 

percent) were identified as having the assimilator learning 

style. The diverger and accommodator learning styles were 

tied as the second fretjuent style for Hispanic females (14.4 

percent). Anglo females indicated a tied preference (38.5 

percent) for the assimilator and divergent learning styles. 

It appears that a significant number of Hispanic females 

indicate a preference for the accommadator learning style 

which relies on concrete experience and active 

experimentation. 

As a group, chemists and chemical educators are more 

inclined toward active experimentation and abstract 

conceptualization as modes of learning (Smedley, 1987). The 

data from this study reveals that 14.4 percent of Hispanic 

females enrolled in chemistry at Texas Southmost College have 
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acquired a learning style that maybe incongruent to the 

traditional teaching format of chemical instruction. 

One would expect that those Hispanic females who are 

more assimilated into mainstream society would acquire 

learning styles typical of any female studying science or 

math. Kagan and Matlsen (1971) studied the motivational styles 

of Mexican, Mexican-American, and Anglo-American children. 

They found that Mexican-Americans do not cooperate as 

completely as the Mexicans, or as vigorously as the Anglo-

Americans. Mexican-Americans are like the Anglo-Americans in 

refusing complete cooperation but like the Mexicans in 

avoiding competition. Kagan and Madsen (1971) reported that 

assimilated or mainstreamed Hispanic children were less 

inclined to exhibit field-dependent characteristics. Based on 

similar characteristics identified from the field-

dependent /independent domain and Kolbs' (1984) learning 

styles, one can deduce that Hispanics raised in a more 

assimilated environment will exhibit those learning styles 

closely associated with field-independence.Conversely, 

Hispanics raised in a more traditional environment will 

exhibit those learning styles closely associated with field-

dependence; and Hispanics brought up in a dualistic 

environment will exhibit learning styles closely associated 

with a middle ground of field-dependence/ independence. 

No significant difference in learning style was found 

with respect to gender in this study. The results were 
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generally consistent with other reports on learning styles 

and females. Women tend to exhibit cooperative patterns of 

interaction characterized by efforts to include all members 

of a group in discussion, active listening, self-disclosure, 

and mutual elaboration of discussion topics (Hayes, 1989). 

Females in mainstream culture have traditionally learned that 

success in school, especialy in prestigious professional 

areas dominated by mem, in incompatible with popular view of 

femininity, which include noncompetitiveness (Kremer, 1984). 

The personality traits of women scientists are basically 

similar to male scientists in that they are described as 

having superior intelligence and academic achievement, a 

tjuiet and stable personality, and a tendency to prefer things 

to people. (Benbow and Stanley, 1984). 

Grades Earned in Chemistry 

Historically, science and math instruction has involved 

teaching facts by lecture and problem solving technitjues by 

example. Students who benefit from this mode of instruction 

are identified by Kolb (1984) as assimilators and have 

learning styles with preference for passive listening to 

abstract material. Students who experience mismatches with 

the prevailing teaching style of most science and math 

courses tend to get lower grades than students whose learning 

styles are better matched to the instructor's teaching style 

(Felder,1993). Students whose learning styles are compatible 
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with the teaching style of the teacher retain information 

longer, apply it more effectively, and have more positive 

post-course attitudes toward the subject than do students who 

experience mismatches in learning style and teaching style 

(Felder, 1993). 

Upon inspection of the Contingency Table for Learning 

Style By ethnic Background generated in Table 4.3 in Chapter 

IV, the majority of the Anglo and Hispanic chemistry 

students, 38.5 percent and 56.6 percent respectively, were 

classified as assimilators, the learning style most effective 

for learning chemistry by lecture and problem solving 

techniques by example. However, there is a significant 

difference in the grades earned between Hispanic and Anglo 

students in chemistry. Anglo chemistry students' grades were 

significantly higher than Hispanic chemistry students' grades 

by almost ten points, or the difference between a letter 

grade of "C and "B". 

The relationship between teacher expectation and student 

achievement has been researched rather thoroughly. Teacher 

expectations, along with the teaching behaviors that 

accompany them, influence and are influenced by student's 

performances (Brown, 1990). Hilliard (1989) reports that if a 

teacher mistakes a student's different cultural style for 

lack of intellectual potential, the student will likely 

become educationally deprived as the teacher "teaches down" 
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to the estimated level, thus simplifying, fragmenting and 

slowing the pace of instruction. 

The chemistry courses surveyed for this study were 

taught by Hispanic professors. Therefore, one would expect 

that the Hispanic students in the class would have received 

higher scores overall because they were at an advantage of 

being taught by someone who was culturally similar. Perhaps 

the two individuals who the students received instruction 

from in the study were more critical in grading the Hispanic 

students, despite the similarity in ethnic background. In 

the spirit to challenge the Hispanic students to excel beyond 

their peers, the Hispanic professors might actually have 

jeopardized the higher values of the final grades. Another 

explanation for the lower grades received by the Hispanic 

students maybe that the professors only ethnic similarity 

with the Hispanic students was a Hispanic surname. The 

lifelong experiences of the professors may have resulted in a 

personally which exhibits characteristics of one who is fully 

assimilated into mainstream society. In which case, the 

professors are not culturally congruent to the majority of 

the Hispanic students in this study. 

Vasquez (1979) reports that in many cases minority 

students are motivated by different factors than Anglo-

American students and, consequently, when a teacher is 

effective in motivating Anglo-American students but not 

minority students he may erroneously conclude that minority 
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students are less motivated to achieve. Motivational factors 

are different for persons of different social and cultural 

backgrounds and are related to the values the individuals 

hold. 

A study by Fennema and Sherman (1977) investigated 

mathematics achievement of 589 female and 644 male, 

predominantly Anglo, 9th-12th grade students. This research 

was designed to control for mathematics background and found 

that when only students with similar mathematics background 

were considered, differences between male and female groups 

in mathematics achievement were very small. 

Implications 

The purpose of this study was to determine the 

differences between learning styles of Hispanic and Anglo 

students in chemistry in an effort to discover 

characteristics of the Hispanic student population that might 

lead to more effective educational practices for them. 

Individuals preparing to become chemical educators 

either in secondary schools or colleges must become aware of 

cultural differences in Hispanics which may lead to learning 

style differences. 

As reported in this study, there is a significant 

difference in the learning styles of Hispanic and Anglo 

chemistry students. A single format of instruction for 
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today's chemistry classes will exclude a large proportion of 

Hispanics, especially female, from fully participating. 

Revisions in science teacher education should include 

the study of learning styles and teaching styles to assist in 

the problem of low participation of Hispanic students in 

science. 

The learning style profile information reported in this 

study may suggest on the surface that educators and 

counselors should advise students who do not learn well using 

assimilator or diverger abilities that they may find a career 

in chemistry too demanding. However, successful student who 

do choose chemistry in spite of these learning styles may 

enjoy nontraditional chemistry career options such as sales 

and marketing or advertising. 

Recommendat ions 

The most significant finding in any study may be the new 

ideas suggested a a result of the research. The following 

recommendations are based on the findings of this study and 

the review of the literature. The order in which the 

recoiranendations appear is not significant. 
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1. This study should be replicated at other community 

colleges and senior level institutions and in other 

geographical areas of high Hispanic population to 

determine if the findings can be generalized to 

other institutions. 

2. This study should be replicated with a larger pool 

of Anglo males and females in chemistry in 

comparison with Hispanic males and females. 

3. This study should be replicated using other types 

of Hispanics such as Puerto Ricans, Spanish, and 

South Americans. 

4. This study should be replicated for other science 

disciplines. 

5. A study should be conducted earlier in the semester 

to collect data from students who withdraw from the 

courses. 

6. A study should be conducted of the relationship of 

teaching style to grades achieved by Hispanic and 

Anglo students. 

7. A study should be conducted of the relationship of 

teachers' learning style to Hispanic learning 

style. 

8. A study should be conducted of the relationship of 

the mean AE-RO score to overall grade. 
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9. A study should be conducted of the relationship of 

Hispanic student learning style and success in 

chemistry. 

10. A study should be conducted to compare Hispanic and 

Anglo student grades in chemistry for same race 

instructor-student and different race instructor-

student. 
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APPENDIX A 

DEMOGRAPHIC QUESTIONNAIRE 
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1. Please write in your Student I.D. Number . 

2. What is your classification? 
Beginning Freshman 0-15 hrs completed 
Freshman 16-30 hre completed 
Sophomore 31-60 hrs completed 
funior 61-90 hrs completed 
Senior more than 90 hrs completed 
Graduate 

3. What is your gender? 
Male Female 

4. What is your age? 
18-24 yrs 31-45 yrs 
25-30 yrs 46-65 yrs 

over 65 yrs 

5. What is your ethnicity/race? 
Caucasian < White Anglo-Saxon) 
Hispanic (Mexican-American, Puerto Rican, South American, 

Central American) 
Black <Afro-American) 
Oriental 
American Indian 
Other 

6. Is either of your parents, or if married, your spouse a college 
graduate? 

yes no 

If yes, what degree do they, or he/she, have? 

(Please write in) 

7. Are you currently receiving financial aid? (Grants, Scholarships, 
Work-Study, Etc.) 

no yes 

If yes, indicate what form of financial aid. 

(Please write in) 
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8. How many hours a week are you employed? 
0-20 hrs 31-40 hrs 
21-30 hrs over 40 hrs 

9. Have you already graduated from college? 
no yes 

If yes, what was your Maior?_ 
(Please write in) 

What degree did you receive? 
Certificate of Proficiency Bachelor 
Associate Master 

If you have not yet graduated from college, please list your 

Major: Minor: 
(Please write in) (Please write in) 

10. How many hours a week do you study for this class? 
0-2 hrs 7-10 hrs 
3-6 hrs 11-15 hrs 

over 15 hrs 

11. Did you successfully complete a high school chemistry class? 
no yes 

12. How many hours of classes are you enrolled in this 
semester? 

(Please write in) 

13. What math course are you enrolled in this semester? 

Math 1003 Math 193 
Math 1013 Math 213 
Math 1023 Math 223 
Math 113 Math 233 
Math 114 Math 243 
Math 123 Math 253 
Math 143 Math 263 
Math 173 Math 273 
Math 183 Math 283 

N o n e 
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14. What High School and College math and science courses have you 
successfully completed? 

(Please write in and indicate those high school courses with "HS" 

15. Do you "like" math or science? 
yes n o can't say 

Thank you for your cooperation in answering this questionaire. 
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APPENDIX B 

KOLB'S LEARNING STYLE INVENTORY* 

*copyright 1985, McBer and Company. This material may not be 
reproduced in any way, except with the written permission of 
McBer & Company, 137 Newberry Street, Boston, MA. 02116, 
(617) 437-7080. 
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Learning-Styie Inventory 

1 When t learn _ I like lo watch 
and listen 

_ l like to think 
about ideas 

_ I like to be 
doing things 

— ^ i i^stw^^^r^d.ya^^^^^y.:>e^>^^ " - ^ i i s y j g f k JKard to 
• • ^j watc)^re)uHy.^J5*i3^uik1ng5^- ; j ^ ^ . 

3. When I am learning: _ I am quiet and 
reserved 

_ I lend to reason 
things out 

_ I am responsible 
at>out things 

4s\ I :|ea'm byl.. '•"̂ ^ 

5 When I iearn: _ I am open to 
new experiences 

_ watching.'' 

_ I look at all 
sides of issues 

_ I like to analyze I like to try 
things, break things out 
them down into 
their parts 

6.'yvhen l . im learning;-: ̂  . .i^Ji;:^( arri'^fi^-• 
' - - ':'•" " / ' i - .»". ' • iJnttiitive.Dei 

7 1 learn best from 

iJlarri an' 
^observing 
.^persorif'' 

_ personal 
relationships 

_l.am alogicaf 
.person." 

_ rational theories 

^' I am an active 
r;! person. 

_ a chance to try 
out and 
practice 

6. Whenl leam: ••i. j i i ; i ' feel personallv 
'•:S:';---:inv6lved iĥ  

_ I take my time 
,-t>ef6r^a"cting.'!' 

__ I likeideas and 
T theories. 

_ I jike. to see 
v'resulu from my 

•%«>fk. 

9 I learn t>est when _ I rely on r 
feelings 

_ I rely on my 
observations 

_ I rely on n 
ideas 

_ I can try things 
out lor myself 

10. When I am learning! _-l am an 
accepting 
person. 

_ I am a reserved 
person. 

_ I am a rational 
person. 

_ I am a 
responsible 
person. 

n when I learr I gel involved like to observe _ 1 evdluaie 
thingi 

_ I like to be 
active 

12. I learn tiest when: _ I am receptive 
and open-
minded. 

_ I analyze ideas 

TOTAL the scores 
from each column: n n n. D 
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APPENDIX C 

PERMISSION TO USE TEXAS SOUTHMOST COLLEGE 

CHEMISTRY STUDENTS 
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Texas Southmost Cnllege 

App l i t a t i on for the Review of a fVoiect 
invo lv ing Human Subjects 

y^ INTERNAL/INSTITUTIONAL FUNDED/UNFUNDED 

FEDERAL and/or FUNDED NON-FEDERAL 

Project Title: A Study to Compare the Learning Styles of Hispanic Students 
wi th Ang lo Students in In t roductory and General Chemistry as a 
means of Predicting Success. 

Agency Proposed to: Texas Tedn University 
Lubbock, Texas 

Proposed Period: Fall 91-Fall 92 

Principle Invest igator M. Celia Flores-Feist 

Department: Physical Science 

This proposa l has been reviewed and app roved by the Texas Southmost 
College Human Subjects Commi t tee for the Protection of Human Subjects in 
Research, Deve lopment , Q in ica l Invest igat ions, Demonstrat ions or Other 
Act iv i t ies/Projects, for compl iance wi th D H H S / P H S - N R A Public Law 93-348, 
as enunciated through Code of Federal Regulations 45CFR46, Protection of 
Human Subjects. 

\.Q.<\. "ic^- '̂ Ay^ 
A p p r o v e d Signature Date 
TSC Human Subjects Commi t tee Chair 
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TEXAS SOUTHMOST COLLEGE 

Appl icat ion for the Conduct of a Project 
I f ivolving Human Subjects 

PROJECT TITLE: A study to Compare rhe Learning Srvl .c of Hicp=.»i^ g r . . ^ ,« - . ^irh A^QI^ 
Students in Introductory and General Chemistry as a means of Predic t ing 

Agency Propcicri tc- Success. 
•3^ *''"0m: Texas Tech Univer-ilt-y r ..hh^^i, T , ^ . -

Principle 
I n v e s t i g a t o r : M. Cel ia F lo re s -Fe i s t Physical Science 

(Name) (Oepartment) 

In making th is app l i ca t ion , I c e r t i f y that I have read and understand the 
guidelines and procedures tieveloped by Te.xas Southmost College for the protect ion of 
human sub jec ts /and that I f u l l y intend to comply with the l e t t e r and s p i r i t 
o f the College po l icy . I fu r ther acknowledge my respons ib i l i t y to report s i gn i f i can t 
chtinges in the protocol and to obtain wr i t ten approval for these changes, in 
accordance wi th the procedures, p r io r to making these changes. 

X y^. T I V ^ .QTZ^J -/y6u-^-/ 11-25-91 ^ 
Principal Invest igator or Program Director Date 

This proposal has been reviewed and approved by the Texas Southmost College 
Human Subjects Review Committee for the Use of Human Subjects in Research, 
Dev.-?lopment, Demonstration or Other A c t i v i t i e s Projects. 

Chairman,* or Acting Chairman, Date 
College Review Committee 

Continuing Review Requirements: Defartmental coinmittee review, approval, 
and cont inuing survei l lance to comply with 
DHEW pol icy and the College's Assurance 
and Ethical Guidelines. 

O^^..^ ^^^^^^^ ^^Y^' A 

This Form(with o r ig ina l signatures) to be Returned to : Texas Southmost College 
Human Subjects Review 
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(Four copies proposal and :.ynopsis required) 
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