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Abstract

This research suggests that, contrary to popular perception, there exists a pool of women of color with avid interest in science, and the academic skills to pursue that interest.  It further suggests that these women, if given the support necessary to persist in science, will choose careers that address many other needs, domestic and international:  schooling and science education; rural and urban health care, public health and medical research; the environment; and other public service fields.  Investing in the retention of high-achieving women of color in science yields returns on multiple levels.

This conclusion is based on a study of high-achieving women of color interested in studying science, and an evaluation of a university enrichment program for science students of color.

Introduction

The image of the leaky pipeline is often used to explain the absence of women of color in the cadre of practicing scientists.  This image suggests that girls and boys of all races begin school curious about the world around them—eager and ready to learn about science.  Over time, however, interest wanes in several groups while persisting in others—particularly at important junctures, like the transition from middle school to high school and again from high school to college.  In this article, I am going to present evidence suggesting that in fact there is still a pool of academically able, science-oriented women of color at the transition from high school to college, that many of those women can be retained in science given appropriate support, and that this support goes on to yield double dividends, as these women are quite likely to pursue science-related careers in the public sector.  I will argue that the leaky pipeline can be patched, and that investing in that patching not only retains women of color in the sciences but pumps valuable, well-educated individuals into jobs that serve others, primarily in health care and education.    

I base this contention on eight years of research into the academic lives of women of color who choose to major in science.  In 1997 I began an ongoing evaluation of the University of Colorado Minority Arts and Sciences Program (MASP).  MASP was founded to promote the success of high-achieving students of color in the sciences.  In 1999 and 2000, I undertook an extensive ethnographic study of the experiences of women science students of color; all but one of the women in that study were members of MASP.  In this article I will present evidence about the dispositions, goals and career trajectories of the women in the ethnographic study.  Next I will discuss the ways in which MASP supported many of those women through graduation in the sciences and on to science-related careers.

Theoretical framework

 
My research is based on the assumption that it is through the experiences of individuals and groups that useful directions for change are found.  Through considering the personal interactions and institutional features (Davidson, 1996) of the lives of individuals, their habitus and cultural capital or lack thereof (Bourdieu, 1977), and the consequent development of grounded theory (Glaser & Strauss, 1967), strategies which are concrete, effective and accepted by all stakeholders can be developed.  


The ideas I present here grow out of the finding by Seymour and Hewitt that all science students face roughly the same conditions, but not all students react to those conditions in similar fashion (1997).  They are founded in an understanding that race, ethnicity and gender differences are socially constructed but nonetheless go on to construct individuals’ experiences, constraints and opportunities, including those different reactions Seymour and Hewitt documented. The dispositions that characterize the women I studied—enthusiasm for science coupled with a commitment to serving the public good—sometimes led them to interpret these similar conditions in discouraging ways.  However, with support from MASP, that discouragement was contained and they went on to graduate and, in high numbers, become scientists or pursue careers (particularly in health and education) that make use of their science training.
Dispositions and career trajectories of undergraduate women of color

Through ethnographic study I explored the values, dispositions and goals of twenty women of color who came to college intent on majoring in science. I knew some of the women through my work with MASP; MASP students suggested others to me.  I invited women to participate based on two criteria:  Initial desire to major in science, and adequate high school preparation to persist in science.  The quality of curriculum offered by participants’ high schools varied but all of them had strong grades in high school.  At the time of the study, all the women were juniors or seniors.  All but three had persisted in science majors (thirteen in biology, two in kinesiology, one in biochemistry and one in chemistry).  The pool included six Black women (including one African immigrant), seven Latinas (predominantly Mexican Americans and southwestern Hispanos), three American Indian women (all raised on or near their home reservation), and four Asian American women of various ethnicities.  In interviews I asked them to reflect on their experiences studying science, including why they had originally been drawn to science majors, what they particularly enjoyed about their work in science, what they found difficult, how they thought their ethnicity had shaped their experiences, and whether they planned to pursue careers in science.  I also spent a great deal of time with these students, accompanying them to upper-level science classes and labs (including organic chemistry, molecular biology and human anatomy).  To better understand their reports about their experiences in introductory science classes, I also accompanied freshmen and sophomore women of color to general physics, environmental biology, general chemistry and honors chemistry classes and labs.  I analyzed interviews and the field notes I made in classes and labs by searching for common patterns and themes, and elaborating on those themes until reaching theoretical saturation (Glaser & Strauss, 1967).  I read and re-read transcripts and notes, trying to understand not just the common experiences my informants reported, but the meanings they ascribed to those experiences (Spradley, 1979, 1980).  This analysis revealed two major themes that the women in this study held in common:  Enthusiasm for science that is maintained from childhood up through college, and a desire to pursue careers that are altruistic in nature.
Enthusiasm for science

Twelve women in the study told me explicitly why they liked science.   Nine told me they found it intrinsically interesting.   Five mentioned they enjoyed the intellectual challenge.  Eight had enjoyed it in high school.  The following quotes from women in the study are typical, and indicate women with classic scientific traits:  A desire to know why things work they way they do, a skeptical mind, an excitement about exploring the world through science.  Nancy
, a Latina senior, told me:  “I wanted to feel like I was learning something that nobody else knew, and discovering things.  I want to find out why things are the way they are.”  Nancy is now pursuing a Ph.D. in the biomedical sciences.  Jaya, an Asian woman, told me “...I guess I’m more of a scientist.  I like the whole intellectual aspect of it.  I really like to think that way.  Um...many things, like psychology, and like religious studies and things like that, you don’t have physical evidence of some things, and I like to have the evidence in front of me.  I guess that’s what makes me a scientist.”  Jaya is also working on a biomedical Ph.D.

Kathy, an American Indian woman, also told me about the appeal of science over other majors: 

I like biology, I like learning about cells, the body—the mechanisms of cells, and cell signaling—all that stuff.  I thought it was the coolest thing. Because to me, everything comes down to a cell.  Skin is made out of cells.  In the end, a cell can kill you.  Because when you get cancer, it’s because you have a mutated cell, and it proliferates and proliferates, and it comes down to that one cell.  And then, in the end, it might go back to your gene.  So it’s all on the littlest level that hurts you.  Stuff that hurts you is on the littlest level. I thought that was so cool, that something so small has such a big effect.  


I just like biology.  I couldn’t see myself doing anything but biology.  And then some people were like “well, you can get an ethnic studies...,” and I didn’t even—I didn’t think twice about going into ethnic studies.  I mean, that’s a good major, and you can take a lot of interesting classes, but I like biology more than anything.

Kathy is working on an advanced degree in a health field; her goal is to return to her home town and serve the elders in her community by using traditional concepts of illness to explain western medical diagnoses.  

Kathy’s career goals bring me to the second major finding of interest:  That many of the women in this study held altruistic career goals, goals they saw as inextricably linked with their science studies.  Twelve of the sixteen women who discussed their career goals with me told me about wanting to use their lives to help others, and many went on to talk about how they saw their pursuit of science degrees as a vehicle for this altruism.  

Altruistic career goals

Chris, a Latina from a tiny, remote town, told me about her interest in helping people; as you can see, she repeatedly links helping with science, through her interest in the environment and in medicine and medical research:

I’ve always been interested in the environment, and helping the environment, but I don’t know if that’s something I’d want to do forever, because I’m REALLY interested in medicine.  I can’t see myself working in a lab all the time, just because it’s so—I don’t like being by myself that much, I want to be able to interact with people, and I don’t think that, if I just got a Ph.D. and wanted to be a biologist, I would be able to be in that much contact with people.  And so, with medicine, I could have patients, and I could do clinical research, and stuff like that.  I think that would be really interesting.  I think it’s just the fact that anything that I can do to help people would really make me feel good.

Chris is currently engaged in medical research as she applies to medical school.


Jackie, an African American woman, told me:

I don’t really care for chemistry too much, don’t care for physics, but biology, for some reason, I just really have always liked it.  I’ve had a lot of people go through different aspects of needing medical help, and I think it’s a way for me to make a place in the world where I feel like I’m making a difference for other people, which is important for me.  I want to be able to—I guess I want to be able to look back and think I made a difference in someone else’s life.

Jackie is finishing medical school now.

Beyond graduation:  Science in the public sector

In 2002, in the course of evaluating the MASP, I tracked 42 of the 61 1997-2001 female graduates of the program; this included 13 of the 20 women in the ethnographic study.  This allowed me to confirm that many of the women I studied, and women like them in MASP, persisted with their interest in public-service-oriented science.  Among the MASP graduates, 24 (57%) are working or pursuing graduate work in health care.  Seven alums (17%) are engaged in education, including classroom teachers, math and science educators both within traditional educational settings and in non-school settings, and college teachers and administrators.  

Twenty-six female alums (62%) use science in their jobs, in health care, science and math education, and biomedical research.  Thirty of them (71%) work in the public sector, in health care, education, biomedical research, the ministry and as fire and rescue personnel.

Retaining women of color in science majors


The science-oriented, public-oriented early careers of these women are encouraging.  However, I believe through my work with these women over the years that their participation in MASP was an essential element in that success.  An analysis of graduation patterns of MASP students underscores this.  Graduation rates of Black, Latina and American Indian women who participate in MASP not only surpass those of comparable students of color who don’t participate, but those of white women, also.   

Table 1 below compares Black, Latino and American Indian MASP students to several other groups of women students.  As a group, Black, Latino and American Indian women students had fewer financial resources than White and Asian women students.  The women in MASP had predicted freshman grade point average (based on a weighted average of standardized test scores and high school grade point average) comparable to White and Asian women.  MASP students had higher graduation rates than either White and Asian women or Black, Latina and American Indian women not in MASP> 


The argument can be made that MASP graduation rates are so high because of self-selection:  The students who would seek out an academic enrichment program are the kind of students who would graduate no matter what.  While this may be true, program participants consistently praised MASP as an important factor in staying in school.  When asked on a survey “How much has your participation in MASP encouraged you to continue at this university?,” with answers ranging from 1 (not at all) to 5 (very much), 82% of (male and female) respondents circled 3 or above, and 56% circled 4 or 5.  When asked “Would you recommend MASP to a friend,” 96% indicated they would, and several students spontaneously wrote in comments, including “definitely “definitely,” “for sure,” and “I already have!” 
These comparisons are based not on a random sample but on an entire population—all of the female students who enrolled as freshmen between 1993 and 1999 in the university where this research was conducted.  Because of the uniqueness of MASP, I am not sure it makes sense to generalize these findings to any larger population; however, I ran an analysis of variance anyway, as a measure of how different the groups being compared are.  The predicted GPA for Black, Latino and American Indian students who were never members of MASP was significantly lower than for the other two groups (p≤0.001).  The graduation GPA for Black, Latino and American Indian students who were never in MASP differed significantly from those of ongoing MASP students and White and Asian students (p≤0.05).  The percent of White and Asian students receiving need based aid was significantly different from that of all other groups (p≤0.001).  Family resources of all three differed significantly (p≤0.05).  Graduation rates and graduation GPAs of Black, Hispanic and American Indian women never in MASP were significantly lower than those of all other groups of students (p≤0.001).   

Twelve of the women included below in the MASP participant group dropped out of MASP; the remaining 70 women continued to participate actively through graduation.  When the 12 women who did not have on-going MASP participation were removed from the sample, the graduation rate rose to 80%, which was significantly higher than that of White or Asian women.

Table 1:  Female students admitted to the University of Colorado, Boulder, as freshmen, 1993-1999

	
	Not in MASP:  Black, Hispanic/Latino or American Indian

N=1031
	In MASP:  Black, Hispanic/Latino or American Indian

N=82
	White or Asian, not in MASP 

N=10856

	Predicted first year GPA
	2.58
	2.82
	2.85

	Graduation GPA
	2.96 


	3.16
	3.18



	Percent who received financial aid during first semester
	54% 
	68%
	27%

	Graduated
	50%


	71%
	65%





Table two shows graduation rates for women whose first declared major was in science.  The university where this study took place collects data on the first major students officially declare, and then the major they hold on graduation.  For the purposes of this analysis, science majors included applied mathematics, astronomy, atmospheric chemistry, biochemistry, chemistry, environmental biology, geology, kinesiology, mathematics, molecular biology, and physics.  Mathematics and applied mathematics were included because several students who entered college interested in math majors participated in MASP, since there was no comparable program for mathematics students.  Again, program participants were more likely to graduate than students in comparison groups, despite greater financial need. 

Table 2:  Black, Hispanic/Latino and American Indian women with first declared major in science admitted to the University of Colorado, Boulder, as freshmen, 1993-1999

	
	Not in MASP:  Black, Hispanic/Latino or American Indian

N=186
	In MASP:  Black, Hispanic/Latino or American Indian

N=59
	White or Asian, not in MASP 

N=2675

	Predicted first year GPA
	2.66
	2.87
	2.94

	Graduation GPA
	2.97
	3.15
	3.18

	Percent who received financial aid during first semester
	52%
	63%
	29%

	Graduated in science
	29%
	54%
	43%

	Graduated in any field
	56%
	73%
	70%



Analysis of variance indicated that the predicted GPA and graduation GPA of Black, Latino and American Indian students never in MASP was significantly lower than that of other groups (p≤0.05).   The percent of White or Asian students receiving financial aid was significantly lower than that of both other groups (p<.001).  The graduation rate in science and overall of Black, Latino and American Indian students not in MASP was lower than that of the other two groups (p<.05).  

When the nine women with initial science majors but without ongoing MASP participation were eliminated from the sample, the graduation rate in science rose to 64%.  This rate was significantly higher than the two other groups (p≤0.01).  The overall graduation rate of these women rose to 84%; this was significantly higher than the graduation rate of Black, Latino or American Indian women not in MASP (p<.001) and approaching significance when compared to the White and Asian women (p<.10).

A Latina senior offered an explanation of how MASP supported her interest in science through offering an enrichment workshop:

For chemistry workshop, we did a lot more problems, more--it was like, we got what we got in class, and then you got what you got in the book, and all the problems they assigned in the book, which basically then went over in class; and then you came to workshop, and even if we hadn’t done it in the class, we were still learning it, because it was part of chemistry, not just because we had to do it for the test. 

This young woman is now pursuing a Ph.D. in biomedical science.

Policy implications

Supporting women of color interested in science appears to yield double dividends, as many go on to reinvest that support by working in the public sector.  So what does a successful support program look like?  

The program in this study, the University of Colorado Minority Arts and Sciences Program, was founded in 1993 to increase science graduation rates of well-prepared students of color.  In 1999 it was expanded to serve students majoring in the humanities.  MASP is open to women and men, and to all interested students (the Asian MASP students, and the few white students who have been in the program over the years, were omitted from this analysis in order to keep the focus on women from under-represented groups). It is a matriculation-to-graduation program.  Students attend an intensive summer program before their freshman year, then participate in weekly academic enrichment seminars aligned with their coursework for their first two years in college.  Juniors and seniors may still attend seminars, are required to undertake independent research, are assisted in applying to graduate and professional school, and are expected to take on mentoring roles.  Students in good standing are eligible for annual $1000 participation grants.  The program is surprisingly inexpensive given its extent and its success.  It costs about $2500 per student per year, including the annual grants.  Of that, $1500 comes from University of Colorado funds; the remainder is made up through a combination of merit-based scholarship funds, private donations and small grants.  

Systematic study of the existence or effectiveness of similar programs is rather scattered.  Gándara and Maxwell-Jolley (1999) conducted a comprehensive overview of support programs for high-achieving students of color, particularly in the sciences, mathematics and engineering.  They found that while many such programs exist, “few programs have formal evaluations” (p. 23).  An exception is the Meyerhoff Scholars Program at the University of Maryland, Baltimore County, which has been shown to raise graduation rates in the sciences, mathematics and engineering (Maton, Hrabowski & Schmitt, 2000).  The Meyerhoff program, however, costs about 3-5 times as much per student as MASP.  Programs modeled on the Mathematics Workshop Program pioneered at the University of California, Berkeley, have also been evaluated rigorously and shown to significantly improve performance in calculus, even by students with mediocre mathematics preparation (Fullilove & Treisman, 1990; Murphy, Stafford, & McCreary, 1998).

Given the paucity of existing research on successful support programs, I worked with the director of MASP, Dr. Alphonse Keasley, to come up with some guidelines for identifying or developing successful support programs.  Extensive analysis of MASP, coupled with other theoretical work on the retention of high-achieving students of color, suggests that successful programs need to consider ways of:

· Emphasizing academic enrichment, not remediation

· Helping students hook into power structures on campus; enabling them to make connections in powerful places

· Establishing an academic space for a diverse ethnic minority community

· Fostering a sense of cohesion and community among high-achieving students of color, and helping students to form  new ties in addition to their older family, friendship and community ties, not in lieu of them

· Providing financial support

Enrichment, not remediation


The work of Steele (1997) and others shows that when individuals suspect that they are the objects of negative stereotypes, they exhibit an anxiety (rooted in the desire to disprove the stereotypes) that can actually diminish their performance (thus, ironically, serving to confirm the stereotypes).  MASP students, and the director of MASP, have told me that when they begin to describe MASP, people often assume that, because it serves students of color, it must be a remediation program.  Jackie, the African American woman now in medical school, speculated on why this might be:  

I think, from the outside, maybe just from the way that the minorities have like this minority support group, and this minority support group, and this minority support group.  There’s no real white support groups.  There’s not, you know, Caucasian Arts and Sciences Program.  So maybe it’s like, more of a feeling like … they don’t need more extra support, or something like that.  Because in a way, it’s like “Ah, all the minorities need all this stuff to make it through.  I don’t need anything.”

Other conditions also make students vulnerable to stereotype threat.  For instance, MASP students told me about feeling overwhelmed by the whiteness of the university where this study took place.  Chris, the medical researcher, told me how this experience affected her in science classes:

in a class where there’s me and then like one or two other people of color, it seems like there’s—we all seem to stick together, and somehow we all end up being lab partners, or something like that.  Some people may feel like they’re being left out, or they can’t interact with the white people in the class, or something like that, because it seems like whenever I’m sitting there and it’s time to pick your lab partner, whoever else is the minority in the classroom will come and find me.  Most of my lab partners have been minorities.

In this context, students can easily feel that they must disprove negative assumptions being made about them.  One way to counter this is to emphasize the enrichment components of a support program or a science class; MASP does this by, as the quote about the chemistry workshop indicates, specifying that students are learning science because it is intrinsically interesting; “because it was part of chemistry, not just because we had to do it for the test.”

Networking opportunities


Many students in the program discussed above reported that most of the university adults they saw who looked like them worked as janitors, gardeners and cooks.  A Latina junior put it this way:

We go to the dorms and see our people cooking and cleaning.  And when something goes bad, like a bad test, or a bad experience with a person, we just have that as a reference point.  And say, “is that where I belong?”  As opposed to higher positions like striving for a PhD or something like that.  And that is very real for us.

MASP makes systematic efforts—ranging from social events to facilitation of undergraduate research—to help students get to know professionals on campus, whether of their own race or not, and to nurture connections.  A student told me “I think the most important  thing that MASP did was it gives you connections.  It gives you a lot of contacts and important connections that you will be using  throughout your school here.”

Space for a diverse minority community

The next necessary component for retaining well-prepared students of color is to provide a setting, centered on scholarly excellence, in which those students can be with others like them.  This gives students a shelter from an institutional culture that they may find unfamiliar; a place where they don’t feel conspicuous, where they can be with other people who share some of their experiences in the world, and where they can get to know people who are not like them, but who are also not white.  It provides them with a place where they are not, as one student put it, “in the minority.”  One African American biology major explained how this sense of being different affected her as she prepared a report for one of the classes in her major:

I was doing my report on Grave’s Disease a couple weeks ago.  There’s different genes related to Grave’s Disease, for different ethnicities, and for a long time, they were like “OK, it’s just this one gene,” but it was only found with white people.  And I thought that was really interesting.  But then in my presentation, I was like “should I mention the part about African Americans having a different gene?”  And women get affected a lot more.  And I thought “damn, that’s kind of messed up, that I should re-think presenting—it’s as normal to the disease as its symptoms, know what I’m saying?”  But still, I sort of felt “damn, should I not mention that?”

A number of women told me that the only time race was mentioned in their science classes was in the context of sickle cell anemia; for the student quoted above (who has just finished a master’s in public health with an emphasis on Third World health), the fact that it was not mentioned led to a sense that it should not be mentioned.  This is particularly ironic given the way that science has, for the past four or five decades, been a potent force in fighting racism, disproving any biological basis for the suppression of particular races.  For race-conscious science students, MASP provides a place where considerations of race and science need not be muted. 

Cohesion and community in addition to, not in lieu of, older ties

Hurtado and Carter (1997) found that “for academically talented Latino students who attend college full time, maintaining family relationships and support is among the most important aspects of transition that facilitates their adjustment to college.”  Tierney (1999) argued that many African American students have to commit “cultural suicide” in order to fit themselves into predominantly white institutions. One student, a Latina senior from a rural community, told us about how MASP reassured her parents:

At first, [my parents] wanted me to stay and go to the junior college for a couple years, and then maybe go to [a local university].  But once they came up and visited, and once they-I think what really convinced them that it was going to be OK was the fact that I was in the MASP program, because I came up for summer bridge, and they got to meet with [the director], and all of the people who were helping, and they were like “oh, they’re so nice, and you’ll have such a good time!”  And so after that, I think they were OK.

MASP was able to provide this student and her parents with a sense of security and home, and thus persuade her to attend her state’s flagship research university rather than her local community college.

Financial support


Since 1980, tuition costs have risen at several times the annual rate of inflation (Mortenson, 2000).  At the same time, federal financial aid  has shifted, with students receiving more aid in the form of loans, and less as grants.  “In 1979 a student from the top quartile of family income was about four times more likely than a student from the bottom quartile to earn a baccalaureate degree by age twenty-four.  In 1993 the difference was 13 times greater” (Mortenson, 2000).  In their survey of programs for high-achieving university students, Gándara and Maxwell-Jolley (1999) found five components in common across the programs:  “mentoring, financial support, academic support, psychosocial support, and professional opportunities.”  However, they found that “direct financial support was the least commonly employed of the five strategies, which we find interesting given the fact that inadequate financial resources is so often the reason cited for underrepresented students failing to continue their education.”  MASP helps students pay for college in three ways:  the $1000 participation grant, contingent on good grades and enthusiastic program participation; help finding work study jobs, especially in science labs; and, for upper level students, small stipends to cover their own scientific research.  None of these sums is large; however, for students struggling to stay in college, they can be just enough both to keep them there and to keep them in science (which, because of its long times to graduation, can be a particularly expensive field).  One young woman told me “I kind of like how MASP has professors that deal with MASP, they help  me.  I got a research job with [one professor affiliated with MASP].  And [another professor], I went down to Puerto Rico [to do research] because of him.  That’s why I like having that connection through MASP.”  In this example, MASP’s policy not only helped this young woman (now in a pre-professional health program) find work, but also helped her foster connections among science faculty.
Conclusion


These studies suggest that leaks in the science pipeline can be fixed.  There is a pool of academically able, enthusiastic women entering college intent on the study of science.  Policy to retain and develop this pool of talent needs to take into account that women in this study were drawn to science because they enjoy its intellectual rigor and feel up to the challenge; and they see science as a place where they can combine their altruism with their pleasure in science.  Effective support must emerge from a framework of enrichment and challenge; it must bridge theory and application, and present science in the context of the lives of others.  Effective support is possible; programs exist which are highly effective at retaining students of color in the sciences, and those students go on to careers in the service of the public in record numbers.  Programs like MASP which are successful in supporting these women must be identified and provided with greater resources to reach more students.  Successful programs must also be studied in more detail, to identify the elements responsible for their success and make that knowledge widely available.  Universities without support for women science students of color must be provided with the financial support and with the expertise to develop such programs.  Science-oriented Black, Latina and American Indian women are a valuable resource.  My findings suggest that investing in their science studies yields double dividends, not only increasing their graduation rates in science but producing well-educated, enthusiastic teachers, researchers and health professionals dedicated to the service of others.
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