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ABSTRACT

A QUANTITATIVE STUDY OF GIFTED MINORITY STUDENTS'
PROGRESSION IN THE PHYSICAL SCIENCES AND MATHEMATICS AT A
LARGE RESEARH UNIVERSITY
By
Dorothy Ann Stallworth Reed

The changing demographics of the United States will demand that more
ethnic minorities be used in the science, medical, and engineering workforce. In
order for ethnic minorities to gain access to these careers, they must first receive
a degree in the sciences. Making it through an institution of higher learning has
proven problematic for most ethnic minority students. Oftentimes, the higher the
educational level, the fewer the number of ethnic minorities present. Many
minority students find, that when they arrive at the university, they have less
exposure to high order mathematics and science activities than their White peers
do (Campbell, Wahl, Slayer, Moeller, Harouna, & Light, 1998).

The study reported in this dissertation examines the progress of students
who have participated in a science enrichment program early in their academic
careers at the university campus, the Charles Drew Science Enrichment Program
at Michigan State University. The program was created in an effort to provide
ethnic minority students the opportunity to perform successfully in the core
science and math courses, and increase the number of ethnic minority students
who complete degrees in the biological sciences, physical sciences, and

mathematics.



Using data from ethnic minority students who entered fall of 1993 to fall of
1998, and participated in the Charles Drew Science Enrichment Program at
Michigan State University, this quantitative longitudinal study examined the
impact of a student assistance and academic support program that provides
ethnic minority students the opportunity to perform successfully in core science
and mathematics courses. A random sample of ethnic minority students who
entered the college of natural science, but who did not participate in the program
served as a control group. A random sample of White students with a major in
the natural science, during the same time periods, was drawn és the second
control group.

Data indicated that the controlled groups did not perform as well as the
students who participated in the Charles Drew Science Enrichment program. The
current study analyzed the relationships between degrees granted in the
sciences; the relationship between first semester grade point average versus
predicted grade point average; the relationship of grades in chemistry, math, and
biology; to students’ participation in the program. The study examined the
percentage of scienée degrees earned, the graduation rate, as well as the final
grade point average upon graduation.

Statistical analysis of the data indicated that the program played an
important role in the matriculation of students in science and mathematics
majors. The program enabled a higher percentage of students to receive a

degree in the sciences and graduate with a high grade point average.
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Chapter 1

Introduction

The Problem

A current issue in higher education is the under representation of ethnic
minority students studying the physical sciences and mathematics in
undergraduate and graduate institutions in the United States (Matthews, 1990).
African Americans, Hispanics and American Indians are underrepresented, as a
proportion of the national population, because of lower high school graduation
and lower college attendance rates. This disparity is further amplified by the fact
that minority students complete their degrees at rates lower than White students
(Smith 1995).

There is a lack of minority students in advanced mathematics classes in
the nation’s high schools. On average, African Americans students make up ten
to thirty percent of the enroliment in U.S. high schools, but seldom is there more
than one African American student enrolled in the typical advanced mathematics
course (Rowser and Koontz, 1995). At the pre-college level, data have
suggested that minorities take fewer years of science and mathematics
coursework, including advanced studies, than White students (Matthews, 1990).
Tate (1995) reported that African American students were more likely to be
tracked into remedial mathematics classes than White students. In addition, the
number of minority students in a high school increased, the proportion of college
preparation mathematics sections decreased (Tate, 1995).

Seymour and Hewitt (1994) suggested that a large portion of minority



students on predominately White campuses came from minority communities
where they were outstanding students. Often they were valedictorians of their
graduating classes. They found that students who excelled in substandard or
even average high schools faced an uphill battle in the competitive environment
of a research university (Seymour and Hewitt, 1994). These students and their
parents soon discovered that they had over estimated their academic ability
based on their limited academic background in more extensive math and science
courses compared to the preparation of students who attended predominately
White high schools (Seymour and Hewitt, 1994). Minority students, often
overconfident in their academic ability, were at a loss to comprehend why they
were not succeeding at the university (Seymour and Hewitt, 1994).

Minority students who enter college frequently have disparities in their
preparation level for academic work. Matthews (1990) attributes this to a deficient
exposure to and interaction with people who intended or planned to attend
college and because of this they lacked the understanding of the value of a
college degree (Matthews, 1990). Carmichael and Sevenair (1991) from Xavier
University (the nation’s top producer of minorities in mainstream health-
professional schools) felt that the answer to increasing the number of minorities
in the sciences was to strengthen the pipeline, “To begin to identify promising
students as early as junior high school, and provide various means of support
until they gain entry into health-professional schools” (Carmichael and Sevenair,
1991, p.55). Poor preparation in science and mathematics limited the appeal of

and access to science for ethnic minorities who elected to study the sciences



at the university level.

Ethnic minority students become socialized through their families and
educational system about what to value. This can produce various behavioral
outcomes. Those who entered the sciences found it necessary to change their
values. These included the obligation to serve the community, to act as a role
model, the conflict between the student and family role, the educational goals
defined by the parents, encouragement to be self assertive and autonomous
(Seymour and Hewitt, 1994)). Those who were unable to discard particular
values abandoned the idea of a science major. Everyone acquires a social
identity that defines who they are and how they relate to other péople. An
internalized negative stereotype can cause students to seriously doubt their
ability to succeed academically (Ford and Harris, 1996). When there were few
numbers of ethnic minority students on a campus, they were culturally isolated
and hard pressed to form a peer group. Isolation for minority students studying
the sciences caused them to change their majors and heighten their perception
of isolation (Fries-Britt, 1998).

Minority students in the sciences have found few, if any, campus wide
minority programs that were effective in serving science, math, and engineering
majors, or any type of academic assistance at the department level. The need for
assistance was evident among minority students. Every minority student who
stayed in a science major reported receiving some type of program assistance
that was critical to his or her persistence (Seymour and Hewitt, 1994).

Gifted minority students faced issues such as social-emotional



adjustment, self-concept and acceptance by their peers (Fries-Britt, 1995). The
literature has suggested that issues of race and culture are factors to be
considered in the experience of minorities who achieve academically. Ford
(1996) suggested that it may be difficult for minority students to integrate their
giftedness because of perceived conflict of having a minority status and high
academic achievement, which were associated with the majority culture (Ford,
1996). A balance of racial identity and cultural pride were essential for all gifted
students. High ability minority students benefited when they established
successful connections with other minority students who excel ac;ademically
(Fries-Britt, 1998).

Ford (1994) reported that gifted minority students’ academic success and
retention were influenced more by the “person- environment transaction” and
related socio-cultural influences than by intellectual and academic factors. These
factors, such as positive self-concept, an understanding of racism, and the
existence of support systems were better predictors of minority students’
retention than academic ability (Ford, Webb, & Sandidge, 1994). Other
researchers have noted that non-intellectual, psychosocial, and contextual
factors, such as low test scores and grades, low parental educational level, living
in a single parent household, low socioeconomic status, English as a second
language and racial minority status are predictors of negative educational
outcomes for minority students (Ford et al., 1994; Fries-Britt, 1998; Tate, 1995)

Seymour and Hewitt (1994) found that minority students left the university

or changed their science majors when they experienced one or more of the



following difficulties: differences in cultural values and socialization from their
white counterparts, internalization of negative stereotypes held about them by
their professors and classmates, isolation from their family and friends and
perception of racism toward them, and inadequate minority support systems
(Seymour and Hewitt, 1994). Grades were also found to affect the student’s
decision to change from a science or mathematics major. Often times, gifted
minority students receiv.ed a shock to the ego when their grades in the gateway
courses were lower than those that they received in high school (Seymour and
Hewitt, 1994).

Carmichael and Sevenair (1991) reported that the Educational Testing
Service found that only twenty-four percent of “high ability” African Americans
(defined as the top two percent of ACT or SAT) scorers who entered four year
colleges completed a degree program and gained entry into any graduate or |
professional school. The fact remains that minorities were entering colleges and
universities in increasing numbers and that the retention of these students
presented a significant challenge to higher education and society at large. The
National Science Foundation reported that for all students, nationally, the attrition
rate for science, engineering, and mathematics majors was sixty (60) percent
with the rate of loss estimated to be thirty-five (35) percent between freshman
year and sophomore year. Therefore, the freshman year experience was critical
in the retention of science, engineering, and mathematics graduates (National
Research Council, 1991).

Minority students on White college campuses found themselves adjusting



to academic and social conditions on campus. The institutions found themselves
adjusting to the growth of the minority student population, as well as retaining
these students (Ford, 1991). Common concerns for first year minority students,
were feelings of loneliness and isolation, racial/ethnic identity development, racial
hostility in the form of harassment, alienation, and not belonging (Ford, 1991;

Fries-Britt 1995).

The Study

The focus to retaining minority students in the sciences and mathematics
must be targeted toward enrichment not remediation. Similar to findings of
Seymour and Hewitt (1994), my observations have been that many minority
students at Michigan State University came from predominately minority
communities where they were outstanding or gifted students. They excelled in
average or less than average high schools. Many of them and their families
overestimated their capabilities based on their limited knowledge of the more
extensive mathematics and science background of competing students who
attended predominately White schools in better school districts. From these
students’ perspectives, they were at a lost to comprehend why they did not
achieve in the university’s environment. They deflected their academic and social
issues to external causes. With this in mind, intervention for these students in the
Drew program, was packaged as enrichment in order to preserve their pride and
self -esteem and allowed them to take advantage of the resources that were

made available to them. Furthermore, if aspects of the college environment can



be linked to minority students persistence in the sciences, perhaps
institutions of higher learning can gain an understanding of how educational
programs, peer group interactions and student involvement may impact the
career goals of ethnic minority students who are interested in the sciences.

There may be several factors that explain the low retention of minority
students in the physical sciences and mathematics. The question | investigated
was, “do intervention programs during the freshman and sophomore year, such
as the Charles Drew Science Enrichment Laboratory, for gifted minority students
with an intention to major in the natural sciences or mathematics at a large
research institution, have a positive effect on them remaining in the sciences and
receiving a degree?” | hypothesized that the findings of the research would
demonstrate that intervention programs during the freshman and sophomore
years had a positive effect on gifted minority students remaining at the institution
and obtaining degrees in the sciences.

This study explored the factors related to persistence toward science
degrees for ethnic minority students, who as freshmen and sophomores, planned
on pursing careers in the sciences. Specifically, the study explored the students’
background, characteristics, and their college experiences, and their persistence
toward degrees in the sciences. |

For the purpose of this study, ethnic minority students were defined as
African American, Hispanic and/or Latino, and Native American racial groups.
Science majors were defined as the natural or physical sciences, nursing,

engineering, and mathematics. The study reviewed the progress minority



students made in their attempt to study the physical sciences and mathematics.
All participants in the research sample were at one time involved in the Charles
Drew Science Enrichment Laboratory to assist them with their academic
development. The laboratory sought to remove institutional barriers, such as
perception of racism, lack of advising, and created a supportive environment.
Michigan State University was the site for the study, which draws a large minority
population from urban Detroit, Saginaw, and Flint, Michigan. Michigan State has
an undergraduate population of approximately 34,000 and offers large lecture
style classes in the introductory physical sciences and mathematics.

The variables in the study included: the students’ standardized test scores
(ACT or SAT); the students’ high school grade point average (GPA); the
students’ semester grades in mathematics, chemistry, and biology; the students’
MSU predicted grade point average at the end of first semester; and the
students’ actual grade point average at the end of first semester, as well as the

field of study and degrees awarded by the university.

Overview of the Dissertation
Chapter 2 presents an extensive review of the literature addressing issues and
concerns of gifted minority students as related to the problem of being gifted and
pursing the natural sciences and mathematics. The literature review begins with
the broader concept of the lack of minorities pursuing science careers and
professions. This follows with a description of the specific barriers minorities face

in the sciences, such as, what are the barriers for minority students from K to 12



and beyond? The chapters move into the topic of the retention and achievements
of minorities in the physical sciences and mathematics and addresses past
successes and intervention programs. The identification of gifted minority
students was addressed as well as the specific needs of minority students. The
literature review concludes with a discussion of gifted minority students’
development in the physical sciences and mathematics. Chapter 3 previews the
methodology and research design. The methods included secondary analysis of
institutional data of six cohorts of students who began in fall 1993 and graduated
by 2001. Analysis of variances compared the performance of Drew students to a
representative sample of non Drew minority students and White students all with
the intent as freshmen to pursue majors in the sciences. Correlation analyses
were used to measure the strength of relationship between input, intermediate,
and outcome variables. Chapter 4 presents the results for all cohorts included in
the study. Chapter 5 discusses the interpretation of these results and implications
relevant to the need and operafion of intervention programs. The analysis of the
data supports the hypothesis that program participation is associated with a
higher frequency of retention and science degrees granted to minorities. This
study provides one of the most thorough analyses of institutional data available
on programs that aid minority student’s retention in the sciences at a large

research institution.



Chapter 2

Review of the Literature

l/l/.lJnderrepresentation of Ethnic Minorities in
Mathematics and the ‘Physical Sciences

The ethnic diversity of the United States population has been increasing,
but not the diversity of the science, medical, and engineering workforce. Over
the past 25 years there has been a variety of educational efforts to address this.
These efforts have been met with some success, but there remains a great deal
of work to be done. The higher the educational level, ethnic minorities are
underrepresented (NSF, 99-320, 1999: NSF, NRC, 1993). The 1999 report of the
National Science Foundation cited that ethnic minority participation in higher
education has grown, but their involvement is not equal to their representation in
the U.S. population of 18 to 30 year olds (NSF, 1999). In 1995, African
Americans were 14 percent of the U.S. residents; Hispanics were 13 percent;
and American Indians were 0.8 percent (NSF, 1999). However, in that same
year, 7 percent of science and engineering bachelor's degrees were awarded to
African Americans; 6 percent to Hispanics, and 0.6 percent to American Indians
(NSF, 1999). The proportion of science and engineering doctorates eamed by
these groups were even smaller, 3 percent earned by African Americans, 3
percent by Hispanics, and 0.4 percent by American Indians (NSF, 1999).

Underrepresentation of minorities in the sciences becomes obvious in high

school. Minority high school students are less likely to earn high school credit in

10



science courses including chemistry, physics and calculus (Campbell, et.al.,
1993). In addition, they earn lower scores than whites on the math and verbal
portions of achievement tests (Campbell, et. al, 1993). Then by the junior years
of college, 65 percent of the minorities who enter a science or mathematics major
switched, as compared to 37 percent of white students (Seymour and Hewitt,
1994).

NSF reported that in 1994 African Americans made up 11 percent of the total
undergraduate enroliment at all institutions; Hispanics were 9 percent; and
American Indians were up 0.9 percent (NSF, 1999). Black and Hispanics were
most underrepresented at four-year colleges and universities (NSF, 1999).
Undergraduate education does not fare well for ethnic minorities who want to
study science and engineering, but there are signs of improvement. Given this,
the report further cited that between 1980 and 1995, bachelors’ degrees in
science and engineering increased by 62 percent, from 31,950 to 51,844 for
ethnic minorities (NSF, 1999). Graduate education, between 1985 and 1995
showed some improvement as well. Despite the increase, African Americans
accounted for less than 6 percent of science and engineering graduate school
enroliment, Hispanics accounted for slightly over 4 percent, and Native
Americans for 0.5 percent (NSF, 1999). Status reports on minorities in sciences
and mathematics indicate that minorities are still underrepresented in sciences
and engineering, both in employment and training (Clark, 1999; Derlin and
McShannon, 1996; NSF, NRC, 1993). The changing demographics have a great

impact on the technological workforce. By the year 2030 the total elementary
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school age cohort of the United States could be equally divided between Whites
and all other ethnic groups combined (Clark, 1999). In the future, minority
students will be the growing population from where a highly skilled workforce will
be drawn. This is critical because minorities are underpresented in mathematics
and physical sciences from elementary school to graduate school (Derlin and
McShannon, 1996). The theory is that as the nation’s economic base shifts
increasingly toward technology, participation and achievement in the physical
sciences and mathematics by minorities is critical. As Clark (1999) emphasized,
“If minority students do not study the sciences they are depriving themselves of
many critical career choices, as well as access to White male dominated, high
salary occupations” (p.1). Adequate preparation in sciences and mathematics
enables students to develop intellectually and socially and participate fully in a
technology society as informed citizens (Tomlinson, 1995).

Demographics predicts that 85 (eighty-five) percent of new entrants to the
workforce in the United States will be females and members of minority groups
(Clark, 1999; Derlin and McShannon, 1996). Based on this percentage, both
groups should be represented in the scientific and technology professions in
proportion to their presence in the population as a whole. Several factors
contribute to unequal participation of minorities in the physical sciences and
mathematics. One significant factor is understaffed schools where access to
quality teachers is low. Here, judgments about abilities are made and tracking is
likely to occur. Under-equipped schools are most often located in minority

communities. The number of quality sciences and mathematics courses offered
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are minimal and the curriculum emphasis is inadequate for college preparation.
There is a lack of financial resources, as well as inequities in under- equipped

schools (Williams and Haynes, 1993).

Vgarriers‘m{ Minority Students Progression in the
Physical Sciences and Mathematics

The National Academy of Sciences and the National Research Council
(1993) report that at every junction in the pipeline more minorities and females
drop out of mathematics and sciences education than do white males. Even
though this report is ten years old, it provides insight into the problem that is
relevant today. Currently, jobs requiring mathematical skills are growing double
the rate of over all employment. Women and minorities must fill these workforce
gaps or the United States will be unable to compete with technologically
advanced countries in global markets (NAS, NRC, 1993). The report found that
the ten (10) largest school districts in the nation were seventy (70) percent
African American and Hispanic and that of the twenty-five (25) largest city school
districts in the nation, twenty-two (22) were composed of predominately minority
students. The minority enroliments in the K-12 classrooms of 33 states were at
least 20 percent (NAS, NRC, 1993). This enroliment has likely grown since the
time of the report.

The report further cites that only six (6) states have a minority student
enroliment greater than fifteen (15) percent in their math and science teacher

education schools, and colleges and programs nationally (NAS, NRC, 1993).
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Out of every four hundred (400) students enrolled in teacher education programs
nationally, there were twenty-two African - American (5.5 percent), seven
Hispanics (1.75 percent), and American Indians (0.5 percent). The report found
that students were turned off to mathematics and science in elementary school,
and that teachers often lacked adequate preparation, support, and delivery
mechanisms (NAS, NRC, 1993).

The mathematics achievements of the United States high school students lag
behind that of other industrialized countries (Hagedorn, 1997). Despite the

University of California system’s policy Qf accepting only students from the upper

unprepared for college level mathematics (Hagedorn, 1997). Hagedorn’s study
indicated that less than 20 percent of U.S. high school seniors performed
mathematics at an advanced level and less than 3 percent exhibited what can be
termed superior mathematics performance. This would explain why over 40
percent of U.S. first year college and university students failed calculus. Poor
mathematics performance of students leaves them without skills necessary to
function in the workplace, such as problem solving and analytical aptitude causes
serious deficit among present and future workers (Hagedorn, 1997).

Participation in science and mathematics courses at the high school level
is directly related to educational opportunity. Minority students who take algebra
and geometry are more likely to go on to college (Campbell, et al., 1998).
Research shows that students who lack access to advanced math and science

courses, to teachers qualified to teach those courses, and to laboratory
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equipment do less well on measures of achievement and accomplishments than
those who have access to these resources (Campbell, et al., 1998). Minority
students in urban schools are especially affected by this lack of resources
(Campbell, et al., 1998)

The inadequacies in mathematics and science achievement are one of the
main barriers to professional and medical careers for minorities (Hagedorn, et al.,
1997). Minority students, when they arrive at the university, have been found to
have had less exposure to higher order mathematics and science activities than

their white peers do (Campbell, et. al. 1998). Other factors cited are inadequate

mathematics preparation from high school, ineffective advising, and
nonsupportive faculty as reasons many n;inority students fall short of their goals
(Hagedorn, et. al. 1997). If minorities are to succeed they must be mentored and
encouraged to form proper study habits, better test-taking skills, and overall
improvement of mathematics performance. Additional factors that lead to
success for these students are sound financial aid programs, and quality
teaching (NSF, NRC, 1993).

Other pre-college student characteristics and experiences lead to the well-
documented low participation of minorities in higher education. We do not
understand all of the variables that are related to this problem, but those that
have been identified were: being a first generation college student, coming from
a low income home, attending a segregated public school, having a lack of
knowledge about college, possessing low academic self-confidence, and

experiencing a disconnect between the attainment of a college degree and
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future success (Matthews, 1990).

Remediation of students matriculating to college is a major problem for the
university’s administration. Remedial math courses are defined as any course
below calculus level. About 46 percent of U. S. College students who have
earned more than 10 credits have enrolled in at least one remedial course
(Hagedorn, et. al., 1997). The failure rate in college remedial courses is highest
among female and minority students (Seymour and Hewitt, 1997).

While minority students have been entering our universities in increasing
numbers, student retention has become a persistent problem for American higher
education (Derlin and McShannon, 1996). Alexander (1997) suggests that
minority students are lost in the mathematics and sciences courses freshmen
and sophomore years. This is related to students’ enroliment into gateway
courses such as calculus 1. Many factors may influence a university student's
decision to remain or leave a particular field of study. One factor considered
relevant to minority students is what they perceive as an openly hostile
atmosphere where they encounter racism and discrimination (Derlin and
McShannon, 1996). While most professors do not consciously treat students
unfairly, differential treatment such as an unconscious pattern of differential
interaction among faculty and their students do occur (Matthews, 1990).

The field of science in higher education attempts to reward meritocracy
with rights and opportunity (Seymour and Hewitt, 1994). This would mean that
the student who excels academically is rewarded with scholarship and research

opportunity. The literature suggests that there is a disparity between minorities
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and whites in studying the sciences. Minority students are not always provided
with mentors and as a result are not provided equal exposure in the sciences.
For minority students who want to progress in the sciences, there is not equal
access to graduate education, receipt of research funds, access to outstanding
research collaborators and mentoring to do publications (Seymour and Hewitt,
1994).

Hagedorn (1997) stated that even though the mathematics performances gap
between non-minority students and African-American and Hispanics students
have recently narrowed, substantial differences still remain. The low
mathematics performance of minority students is due to a lack of opportunity and
differential attitude practices by teachers. As Hagedorn (1997) reported, “The
effect of the absence of perceived racial prejudice had a significantly larger effect
on the math gains of minorities”.

The National Science Foundation found that a lack of self-esteem and self-
confidence eroded student’s interest, and that inadequate early preparation
prevented students in high school and college from taking advanced
mathematics courses (NAS, NRC, 1993). There is a lack of minority role models,
as well as subconscious tracking of students as underachievers, which erodes
their mathematics and sciences aspirations. The report recommended. that
administrators insist upon developmental activities aimed at understanding the
factors that influence minority achievement and nurture the expectations that all
students can and must be given the opportunities to learn mathematics (NAS,

NRC, 1993). Teachers can develop positive and productive school climates that
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facilitate students’ leaming of mathematics and provide opportunities for students
to improve their self- esteem (Hartley, 1987).

The National Academy of Science report (1993) recommended that higher
education learn to identify and recruit potential mathematics and science majors
among minority students in secondary schools and in the workforce to increase
the numbers of minority students who graduate with mathematics and science
majors. Institutions are encouraged to provide financial incentives to encourage
minorities to pursue mathematics-based majors, including teaching. Universities
ought to consider establishing appropriate support to attract and retain minority
students who want to study mathematics and sciences, especially during the
freshman year. They should also recruit minority faculty members and provide
opportunities for them to assume leadership role in the faculty. Institutions can
also work with local school systems to ensure the institutional barriers to
advanced education are eliminated (NAC, NRS, 1993).

The absence of minority academic advisors and minority role models at
predominately white institutions contributes to the high attrition rate of minority
students (Matthews, 1990). Minority role models help to create a supportive
climate and provide academic tutoring that have been shown to ensure high
retention and graduation rates among African Americans and Hispanics

(Seymour and Hewitt, 1994).

1~ Programs that Promote Retention and Achievements

of Minorities in the Physical Sciences and Mathematics g
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Over the past several years, the National Science Foundation and the
National Institutes of Health have spent billions of dollars to increase the
numbers of minorities in the mathematics and the physical sciences (Seymour
and Hewitt, 1994). In terms of recruitment, the numbers of minorities in
mathematics and the sciences have increased. However, the numbers who
remain in mathematics and the sciences is discouraging. Over one half of the
African American and Hispanic students who begin college with the intention of
studying the sciences abandon their science major by the end of sophomore year
(Seymour and Hewitt, 1994).

Science and mathematics education in the 1990’s has focused on equity for
all students and the application of systemic education reform as a national
strategy. Since 1991, the National Science Foundation's Statewide Systemic
Initiative programs have been the national response to inequities in science,
mathematics, engineering, and technology education (Heck, 1998). Systemic
education reform addresses the following: (a) ambition — in that it establishes
new learning standards for all students; (b) comprehensive — in that it targets
many pieces of the educational system for change toward a common goal; and
(c) coherent — in that it supports mutually reinforcing practices and policies that
send a strong, consistent message to students, educators, and society about
what is important in education. Systematic education reform is a proactive
approach to seek solutions to problems beyond those that can be addressed
through current educational policy, practice, expectations and norms (Heck,

1998). NSF's conception of systemic reform is that it always views equity as a
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goal. The two goals of the system reform is increasing knowledge of science and
mathematics by all students and assuring that women, minorities, and the
disabled have the opportunity to engage in and learn science at all levels of the
educational system (Heck, 1998).

Fredericksen (1998) has found success in “cluster experiences” with minority
students at the University of Texas at El Paso by instituting a collaborative
learning program sponsored by the National Science Foundation. He linked
courses in English composition with both science and mathematics or
engineering and mathematics. Clusters of 25 students each travel from class to
class as a group. All courses use learning communities and collaborative
projects. Most clusters include writing across the curriculum. Fredericksen
(1998) reports that since the projects’ inception, cluster students have done
surprisingly well in completing precalculus mathematics courses, which
determines if they are able to continue in science or engineering majors. There
is now a 75 to 80 percent pass rate and students credit their success to the
cluster program and its encouragement of learning communities./} Fredericksen
found that students developed strong frier;dships, the desire té use study teams
and a high degree of self-confidence. Other findings were that collaborative
activity is 