PAGE  
1
Graduating Under-represented Students in Science


Graduating under-represented African American, Latino, and American Indian students in science

Angela Johnson

Assistant Professor of Educational Studies

St. Mary’s College of Maryland

18952 E. Fisher Ave.

St. Mary’s City, MD 20686

240-895-2065

acjohnson@smcm.edu

This article has been revised in response to an invitation to revise and resubmit, and is under review again at Journal of Women and Minorities in Science and Engineering.

Abstract

African American, Latino and American Indian students are less likely to graduate in science than comparable White and Asian students (Gándara & Maxwell-Jolley, 1999; 2000).  Logistic regression modeling of data from the University of Colorado, Boulder, confirmed this, after controlling for preparation and need (p<.05).  However, students in the University of Colorado Minority Arts and Sciences Program (MASP) were more likely to graduate in science than White and Asian students (p<.05).  MASP students valued the program’s financial support, academic community, and relationships with professors, but not, notably, academic enrichment workshops.  This finding provides insight into factors that increase retention of  well prepared African American, Latino and American Indian students, and calls for further research and theory.

Introduction

African American, Latino and American Indian students are less likely to complete a college degree in science than similarly prepared White and Asian
 students (Gándara & Maxwell-Jolley, 1999; Huang et al., 2000).  Huang and colleagues found this using a nationwide sample of college students; I confirmed this at the University of Colorado at Boulder, where the inequities persisted even after I controlled for financial need.  It is disheartening for any factor other than ability and interest to be associated with the likelihood of graduation in science.  For that factor to be race—when many scientists have dedicated their research to disproving links between race and ability—is cause for alarm.  For those of us who would like to see more African American, Latino and American Indian scientists, and would like for students’ race to be irrelevant to their success in science, we need to know a great deal more about why students of certain races are less likely to graduate in science despite similar preparation.   

In this article, I discuss the University of Colorado Minority Arts and Sciences Program (MASP), which has been successful in retaining African American, Latino and American Indian students through to graduation in science.  The experiences of MASP students shed light on factors which help retain African American, Latino and American Indian students in the sciences, as well as reasons these students are more likely to switch out of science majors than their White and Asian classmates.  Students who participated in MASP graduated at higher rates than comparable White and Asian students, and at much higher rates than comparable African American, Latino and American Indian students.  However, they did not graduate with higher grades than other groups.  MASP’s central effects seem to have been helping students build an academic community, understand the culture of science and establish relationships with science professors, rather than raising academic skills.  This article will be of interest not only to those who develop or work in similar programs, but to anyone who is concerned about inequitable graduation rates in the sciences.

Effective university science programs


Numerous programs have been designed to increase the participation of African American, Latino and American Indian students in science (Gándara & Maxwell-Jolley, 1999).  However, Bradford Lewis argues that there is scant research on the causes of under-representation, resulting in intervention programs which “tend to rely more on folk insight than on empirical research” (2003, p. 361).  Evaluation of these programs has been until recently equally scanty; “…few programs have formal evaluations or other written documentation” (Gándara, 1999, p. 23).  A few programs, however, have been well researched.  These fall into two categories: short-term programs which help students persist through gateway courses, and matriculation-to-graduation programs which groom students for science-based careers. Well-researched shorter-term examples mostly follow the Emerging Scholars Program (ESP) model first developed by Uri Treisman and colleagues at Berkeley (Asera, 2001; Bonsangue & Drew, 1995; Fullilove & Treisman, 1990; Moreno, Muller, Asera, Wyatt, & Epperson, 1999; Murphy, Stafford, & McCreary, 1998).  Longitudinal programs almost all incorporate the enrichment workshops characteristic of the ESP model, along with mentoring, advising, and support for research.   Well-researched longitudinal programs include the Meyerhoff Program at the University of Maryland, Baltimore County (Maton & Hrabowski, 2004; Maton, Hrabowski, & Schmitt, 2000), the Biology Undergraduate Scholars Program at the University of California, Davis (Barlow & Villarejo, 2004), and an alliance of programs in the California State University system (Alfred et al., 2005).  

ESP-type programs have been shown to significantly raise grades of African American and Latino participants.  The drawback is that because the programs last only one semester or year, the effects of participation can diminish over time (Gándara, 1999).  Longitudinal programs have been shown to increase the numbers of African American, Latino and American Indian students who graduate in the sciences and go on to graduate or professional school in science-related fields.  The drawback to the longitudinal programs is that “interventions of this scope are very costly and time intensive, requiring substantial commitment and adjustments on institutional levels” (Lewis, 2003, p. 362).


In this paper, I present evidence of the success of a moderately priced longitudinal program, the Minority Arts and Sciences Program at the University of Colorado, Boulder.  This program has been exceptionally effective at raising science graduation rates; I will show that program participants are (1) more likely than African American, Latino and American Indian non-participants to persist in science majors through graduation and (2) more likely than White and Asian students to persist in science majors through graduation.  This pattern remains after controlling for academic preparation and financial need.  Program participants do not, however, graduate with higher grades, suggesting that the program works by sheltering students from the factors which otherwise might lead them to leave the sciences, rather than by enhancing academic skills.  This evaluation is useful for two reasons:  It provides a model of an effective, moderately priced program, and it advances the knowledge base about why even well-prepared students of color drop out of the sciences at higher rates than other students.

Theoretical explanations for under-representation in science


In his review of existing literature, Bradford Lewis (2003) found eight common explanations of low African American participation in science, although some of these explanations had a weak empirical basis:  students’ lack of confidence in their science ability, their lack of interest in science, low numbers of math and science courses taken, a weak image of themselves as scientists, weak academic preparation, absence of education and career planning, and lack of exposure to African American role models. I assume that Lewis’s findings can be extended to Latino and American Indian students as well.  Lewis criticized the existing empirical studies about African American under-representation for assuming that the under-representation results primarily from choices made by African American students.  This assumption “masks the fact that science career attainment is a social process, and the desire of an aspirant is only one factor in this process.  An aspiring scientist relies on the judgment and invitation of practicing scientists throughout every phase of the educational and career process” (p. 371).  As a higher education professor, I would add to Lewis’s critique that these explanations offer university professionals few suggestions for increasing under-represented minority participation in science, and provide almost no explanations as to why well-prepared under-represented minority students are switching out of science at higher rates than comparable White and Asian students.


I suggest that Lewis’s observations are also applicable to studies of successful science students of color.  While these studies reveal characteristics and experiences shared by students who persist in the sciences, they offer little explanation of why other students do not persist, and little guidance to university professionals interested in retaining more students of color.  For instance, Russell & Atwater (2005), in a study of 11 African American senior biology majors, found that "an inherent motivation to succeed, college preparation, aspirations, and more than likely the continual support from family that they experienced in high school facilitated their persistence in the college science pipeline at predominantly White institutions" (p. 708).  In a similar study, Brown (2002) interviewed 22 successful Latino science and engineering majors in their junior and senior years.  Her participants attributed their success to family and community support, strong pre-college preparation, and caring teachers. Although these studies offer useful insights into why some students persist in science, they cannot offer much guidance as to how to retain more students.  A university professional has little control over family support for a student’s science aspirations, or the quality of their high school science classes; even students’ personal motivations are only accessible to us to a limited extent.


Research on African American, Latino and American Indian college students in general (not just science students) offers some explanation about why well-prepared students might not perform as well as expected in college; however, this research does not address the particular question of why well-prepared students might not complete science majors. One explanation for general under-performance posits that African Americans, Latinos and American Indians, as a result of being members of groups which were involuntarily incorporated into American society, hold oppositional relationships to education and equate academic success with “acting White” and racial betrayal (Fordham, 1988; Ogbu, 1992).  Another explanation is stereotype threat, in which ambitious students are so determined to disprove negative stereotypes about their group that they raise their anxiety levels and underperform (Aronson, 2002; Steele, 1997).   Various researchers have responded to Tinto’s work on college retention (1993) by arguing that the very mechanisms which support the retention of White, middle class students (in particular, weakening ties to family and home in favor of new ties to the college community) undermine the performance of Latino and African American students (Hurtado & Carter, 1997; Tierney, 1999).  Other researchers have documented that under-represented minority students lack knowledge about how college systems work and how to survive educational transition points (Arnold, 1996; Hood, 1992; Padilla, Trevino, Gonzalez, & Trevino, 1997); lack support (Arnold, 1996; Padilla, et al., 1997); report a higher perception of racial prejudice than White students (Arnold, 1996; Fisher & Hartmann, 1995; Fuertes, Sedlacek, & Liu, 1994; Sedlacek, 1987) and are discouraged by the absence of minorities in the curriculum or school population 


(Hood, 1992; Padilla et al., 1997; Seymour & Hewitt, 1997) ADDIN EN.CITE .  This body of research offers some direction about how to retain well-prepared African American, Latino and American Indian students in college:  Provide settings in which academic achievement is associated with non-White racial identity; provide protection from stereotype threat by emphasizing enrichment and the malleability of intelligence; support community and family ties; and provide rich advising, both to help students understand how college works and to help them navigate a racially charged environment.  


In this evaluation, I illustrate how one successful program translated these precepts, as well as the lessons learned from ESP-type programs and longitudinal programs, into concrete support for well-prepared science students. I discuss in some depth the ways that the components of MASP rely on this research base.  Next, I compare graduation rates and graduation grade point averages of African American, Latino and American Indian MASP participants with other science majors from under-represented groups, as well as White and Asian science majors.  I present the rates, and then, using logistic regression, I control for the effects of academic preparation and financial need on the likelihood of graduation in science.  I also include results of a survey of MASP students, indicating the program components they found most helpful.  Finally, I use the results of this evaluation to speculate on the sorts of experiences which may be discouraging well-prepared African American, Latino and American Indian students from persisting in the sciences, and alternative social experiences which can mitigate the effects of those discouraging experiences. 

Program description

The mission of the Minority Arts and Sciences Program is to promote the academic achievement and persistence of high-achieving students of color.  MASP was founded to serve students majoring in mathematics and the sciences.  In 1999, it expanded to support students majoring in the humanities; however, this evaluation is confined to its science mission.  The program has six distinct foundations, each of which has been shown to be important in the persistence or success of high-achieving students of color:  A focus on academic achievement 


(Bowen, 1999; Fries-Britt, 1997; Fullilove & Treisman, 1990; Johnson, 2006; Steele, 1997) ADDIN EN.CITE ; an ethnically diverse student membership (Bennett, 2002; Fisher & Hartmann, 1995); matriculation-to-graduation support (Gándara & Maxwell-Jolley, 1999; Hrabowski, 2002); opportunities for students to forge connections with faculty and other professionals (Alfred et al., 2005; Freeman, 1999; Mayo, Murguia, & Padilla, 1995; Saenz, Marcoulides, Junn, & Young, 1999; Shultz, Colton, & Colton, 2001); emphasis on family and community ties (Hurtado & Carter, 1997; Maton & Hrabowski, 2004; Padilla et al., 1997; Tierney, 1999); and financial support (Chaney, Muraskin, Calahan, & Goodwin, 1998; Gándara & Maxwell-Jolley, 1999; Mortenson, 2000).

Program components  The above foundations are woven through the following components:

· A rigorous admissions process, to choose candidates who have promise both academically and as community leaders

· A five-week summer bridge program

· Semester-long biweekly academic enrichment seminars designed around the ESP model of providing students with extra challenge.  Students enroll in these seminars when they take university-wide calculus, physics, biology, chemistry, organic chemistry, economics, and anthropology classes.  Graduate students, professors and very advanced MASP students teach the seminars.  In the seminars, instructors help students apply what they are learning in their university classes at a higher level than that asked for in the classes.  All students are required to be enrolled in a seminar for at least four semesters during their undergraduate careers

· Support and stipends for students engaging in independent research

· Office space including computers and work areas; students are required to be in the office several times a week

· Various types of advising:  academic, career, graduate school, and coping with the stresses of difficult majors and predominantly White classes

· Annual celebrations of persistence and achievement

· Annual participation stipends of $1000 to students who keep up their grades and community obligations

· Leadership, tutoring, mentoring, and teaching roles for upperclassmen

Program participants  Between 1993 and 1999, over 150 students joined MASP, including students with first declared majors in both the sciences and the humanities.  29% were African American, 48% Latino, 19% Asian American, and the remainder were White and American Indian.  Many MASP students are ethnically mixed; these numbers reflect the race they chose to indicate first on their university applications. Around 60% of MASP students were in those years were women.  More than 85% of the students who joined MASP remained in the program for at least one year.  MASP has served students in 35 majors, including the biological sciences, chemistry, math, political science and other social sciences, ethnic studies, Spanish, English and other humanities, business, art and architecture, and journalism.  Since 1999, over 130 more students have joined MASP as freshmen.  This study is confined to the 67 African American, Latino and American Indian students who joined MASP as freshmen by 1999, met its participation requirements their first year, and whose first declared major was in the sciences or mathematics.
Program costs  The money to support the students in MASP comes from four sources:  University funds, merit-based scholarship funds from the university foundation, private donations, and grants.  The cost for each participant, for each year, is about $2500; this includes the $1000 scholarship, salaries for faculty and staff, and supplies.  About $1500 of this comes out of university funds; the remainder comes from the other three sources. Students may receive the scholarship for no more than four years.  The summer bridge program costs another $4000 for each student who participates.  Thus, the most expensive case, a student who participates in the summer bridge program and takes six years to graduate, costs around $17,000.   Not all students participate in the summer bridge program or receive a scholarship, and most students take four to five years to graduate; supporting a student who does not participate in the summer bridge program and who takes four years to graduate would cost around $10,000.

Methods

This study explores three questions:

1. Is participation in MASP associated with increased likelihood of graduation in science?

2. Is participation in MASP associated with increased graduation GPA?

3. Which aspects of MASP are most important to the success of MASP students?

I used a combination of methodologies to address these questions.  Academic persistence and performance of MASP students were analyzed using a database of students who matriculated as freshmen at the MASP between 1993 and 1999.  MASP students’ views about the efficacy of MASP’s various components were gathered through a survey. 

Sample


The data set used to answer the first two research questions consists of demographic information, persistence data, majors declared and grade point averages, and MASP participation data of all freshmen who matriculated at the University of Colorado, Boulder, between 1993 and 1999 and whose first declared major was in science or mathematics. This includes students with first declared major in astronomy, biochemistry, chemistry, environmental science, environmental and population biology, geology, kinesiology, math, molecular biology, and physics.  The database includes graduation data through summer 2005.  Data was collected by the University of Colorado Office of Institutional Research and by MASP staff.


The data set used to answer the third research question consists of 77 MASP students who returned an anonymous survey.  This sample includes Asian and Asian American students.  This sample overlapped but was not identical to the MASP students in the sample used to answer the first two research questions; because survey respondents were anonymous, it is impossible to know the extent of the overlap.  
Measures

Predictor variables used to explore graduation rates and graduation GPAs were race, financial need, predicted first-semester grade point average, MASP participation, and entry year.  Outcome variables were graduation in science and graduation grade point average.  For detailed information about each variable, see Appendix.

Survey 


The third research question, which aspects of MASP are most important to student success, was investigated using results of a 2002 survey.  The survey was originally designed as an in-house evaluation; however, the results shed light on how MASP may be contributing to student retention in science.  Survey questions explored which components of MASP students found useful.  Questions asked students to rank the helpfulness of various MASP components on a Likert scale, and also asked what students found most and least helpful about each program component. The stems for questions about what students found helpful about each component were generated from earlier student interviews.  Though the stems were intended to be exhaustive, students were also given space to write in other responses.  The survey was administered by the MASP administrative assistant, who sits at a desk immediately inside the office door and knows all the students.  She gave students surveys as they entered; they were asked to fill them out quickly and return them to a box on her desk.  Students were exhorted at various times by me, the administrative assistant, and the director of MASP to complete and turn in the surveys, in order to help us understand and improve the program.  77 of the 94 MASP students enrolled at that time returned a survey.  I generated descriptive statistics from the results.  Only the results with direct bearing on this study are considered here.

Statistical analysis

Because graduation is a dichotomous variable—a student either does or does not graduate—exploring how MASP participation is associated with graduation necessitated logistic regression, which is appropriate for modeling the effects of various input variables on a dichotomous output variable (Cabrera, 1994).  The beta weights produced by logistic regression are not easy to interpret.  Therefore, I used the beta weights to calculate two more intuitive measures:  odds ratios and predicted probabilities.  Odds ratios indicate the change in the odds of belonging to the outcome group coded as one (in this case, the odds of graduating with a science major within six years) associated with a one-unit increase in the predictor variable (Grimm & Yarnold, 2001).  For example, a dichotomous variable like receiving/not receiving need-based aid with an odds ratio of  .7 indicates that the odds of graduation of a student who receives need-based aid are .7 times that of an otherwise similar student who does not receive aid.  Thus, if a student has a 66% chance of graduating without receiving aid (odds of 2 out of 3), the same student will have only a 46% chance of graduating if they receive aid (odds of 1.4 out of 3).  An odds ratio higher than one indicates that the predictor variable boosts probability of graduation; odds ratios less than one correspond to variables that suppress probability of graduation.  

The beta weights produced by logistic regression can also be used to calculate the probability of particular outcomes, given particular values of the input variables.  This is done using the logistic regression equation (Cabrera, 1994), as follows: 

          exp(( + (pgpaxpgpa +  (aidxaid + (racexrace +  (MASPxMASP)                                                    

 P =   ___________________________________________                                                               (1)

        1 + exp(( + (pgpaxpgpa +  (aidxaid + (racexrace +  (MASPxMASP)

where ( is the constant produced by the logistic regression model, (s are the beta weights, and Xs are predictor values.  I used this equation to calculate the probability of graduating with or without MASP participation for several typical students, including a typical African American, Latino or American Indian student with or without MASP participation, and a typical White or Asian student.


In this model, gender was excluded as a variable, due to concerns about statistical power.  Grimm and Yarnold (2001) recommend at least 50 cases per independent variable.  In a sample of over 5000 cases, clearly this standard has been met.  However, the most important subsample has only 67 cases; to further break that sample down by gender would result in a sample of only 17 male MASP participants, threatening the statistical power of the model.

I reported two goodness-of-fit measures, the Nagelkerke R2 and percent of cases correctly predicted using the model.  Unlike their counterparts in OLS regression, R2 values for logistic regression do not explain the variance in the dependent variable (Cabrera, 1994).  They tend to be low and are useful mainly for comparing the goodness of fit of different models.   The percent of cases correctly predicted is more comparable to the OLS R2 (Cabrera, 1994).  In calculating the percent of cases correctly predicted, I used a cut score of .5 because the overall graduation rates at the University of Colorado range from around 40% for African American and Latino students to around 60% for White students.

To explore the relationship between MASP participation and grades, graduation GPAs were modeled using OLS regression, again controlling for predicted GPA, race, participation in MASP, financial need and entry year.  I derived the models using SPSS 11, Mac OS X version.

Results

Sample characteristics

Information comparing MASP students to other students of color and to White and Asian students is presented in Table 1.  This table includes three contrast groups: African American, Latino and American Indian students who joined MASP as freshmen, African American, Latino and American Indian students who were never in MASP, and White and Asian students. Students who began at the university during their freshman year but joined MASP later were omitted from the analysis.  

This table reveals two important patterns about college preparation and persistence.  First, MASP students matched White and Asian students on predicted first-semester grade point average, but exceeded both other groups in their rate of need-based financial aid.  Second, students who joined MASP had higher science graduation rates than any other group.  The table also indicates that the three groups are not comparable in terms of gender and race. 

[Table 1 goes here]


Although the differences in graduation rates in science are striking in Table 1, they don’t permit any rigorous conclusions about the efficacy of participation in MASP, because the African American, Latino and American Indian MASP students were more well-prepared than those not in MASP.  Their preparation was comparable to that of the White and Asian students, as was their graduation rate.  This is where logistic regression comes in:  It allows us to control for academic preparation (and for financial aid status) to see whether well-prepared African American, Latino and American Indian students would fare just as well without participating in MASP.

Science graduation rates
My initial logistic regression model indicated that all predictor variables were significant except entry year.  Consequently, I ran the model again using only the significant variables:  race, financial aid status, predicted first-semester grade point average and MASP participation (see Table 2).  First of all, this table shows, as I alluded to in the introduction, that African American, Latino and American Indian students have a lower probability of graduating in science, all other things being equal, than White and Asian students.  In other words, lower persistence in science of African American, Latino and American Indian students at the University of Colorado, Boulder, cannot be attributed to lower preparation or greater financial need; even after controlling for these variables, students from these groups are still less likely to persist with a science major than White and Asian students. Specifically, the observed odds ratio of .618 indicates that African American, Latino and American Indian students have less than two-thirds the odds of graduating in science as White and Asian students.

Receiving financial aid also decreases the probability of persisting to graduation in science; students who receive financial aid have only about .8 times the odds of persisting in science.  Higher predicted grades and participating in MASP increased the odds of graduation in science.  So African American, Latino or American Indian students who receive financial aid have two statistical strikes against them—two factors which are each associated with a lower probability of graduating with a science major.  However, participating in MASP increases the likelihood of graduation:  The odds of MASP students graduating in science are 2.3 times the odds of students not in MASP.  

[place Table 2 here]

It turns out that, for typical MASP students with first declared major in science (African American, Latino or American Indian, with predicted first-year GPA of 2.9, and receiving financial aid), the increased probability of graduation associated with MASP participation slightly outweighs the decreased probability of graduation associated with receiving financial aid and being Black, Latino or American Indian.  To show this, I calculated the probability of graduation for three imaginary science students who are identical on all predictors but except race and MASP participation (see Table 3).  All three students have first declared major in science, predicted first-semester grade point averages of 2.9 and receive financial aid during their entry term; this is the level of preparation and the financial aid status of a typical MASP student (see Table 1).  The first student is African American, Latino or American Indian and participates in MASP.  The second student is African American, Latino or American Indian but does not participate in MASP.  The third student is White or Asian and does not participate in MASP.  I used the logistic regression equation to calculate the probability that each of these students would persist in science to graduation.  As can be seen in Table 3, for the African American, Latino or American Indian student in MASP, the probability of persisting in science is 49%.  An identical student without MASP participation has a 30% probability of graduating in science.  A White or Asian student who is otherwise comparable to the first two has a 40% probability of graduating in science.  In other words, participating in MASP is associated with considerably higher likelihood of graduation. 

 [place Table 3 near here]

To further understand these results, I calculated the probability of graduation for a fourth imaginary student:  A White or Asian student with predicted grade point average of 2.9, who does not receive aid during their entry semester.  This is a description of the most typical White and Asian science student at the University of Colorado, Boulder (see Table 1).  The logistic regression model predicts that this student has a 46% probability of persisting to graduation in science, which closely matches the observed science persistence rate of White and Asian students, 45%.  This final example lets us see that participating in MASP seems to level the playing field for African American, Latino and American Indian students, offsetting the diminished probability of graduation associated both with membership in an under-represented race and with receiving financial aid.

Graduation GPAs

Although these results indicate that participating in MASP raises students’ probability of graduating, there is no evidence that it raises students’ performance (see Table 4).  When graduation GPA was modeled using OLS (taking 1993 as the reference year), the strongest and most significant predictor of graduation GPA was, unsurprisingly, predicted first-year GPA.  Receiving aid in the entry semester was found to lower GPA.  Neither being African American, Latino or American Indian nor participating in MASP  was found to be significant.  This suggests that the students served by MASP are indeed well prepared to succeed academically, but hindered in other ways from completing college.  This is further support for the contention that MASP is leveling the playing field, lessening the impacts of those non-academic obstacles and allowing students to perform in ways comparable to equally well-prepared White and Asian students.


[put Table 4 near here]

What do students feel is working about MASP?

When surveyed in 2002, MASP students reported that they found MASP useful.  Of the 82% of current students who completed the survey that year, all but two said that they would recommend MASP to a friend.  Besides circling “yes,” students spontaneously wrote comments like “definitely,” “for sure!!” and “I already have!”  When asked why they stayed in MASP, 87% indicated academic community and 81% indicated the scholarship. Staff and peer support came in at around 65% each.  In addition, students wrote in “community,” “mentoring, advising; feels like home away from home,” “friends!” and “the diversity of the MASP community and friendships therein.”

[Put Table 5 near here]

Students were asked to rate each of the program components on a scale of 1 to 5, and to specify what they liked and disliked about each component.  The two components that ranked most highly, with average scores of 4.5 each, were the scholarship and access to the MASP office.  About the office, students wrote in “it’s a comfort zone, a happy place away from the rest of CU,” “a place to go and see others/study between classes,” and “very convenient that we can use the MASP office all hours—typing a paper all night.”

The next most highly ranked program components, closely linked, were: support from MASP staff (4.0) and having an academic community to rely on and work with (3.9).  Students indicated that they liked the connections MASP staff provided them with (65%), help with scheduling (49%), and help developing and meeting goals (39%).

[Put Table 6 near here]

Access to research opportunities received an average score of 3.7.  85% of students liked the opportunity to try research, 70% liked the contact with scientists and professors, 65% of students said they appreciated the paycheck, 58% liked that it gave them an idea of what graduate student life is like (one wrote “yuck!” next to this).  Finally, although 88% of the students indicated that they stayed in MASP for the academic support, the enrichment seminars, which program officials regard as the cornerstone of that support, received 3.62, the lowest average ranking of all program components.

Taken all together, survey data suggested that students appreciated being a part of an academic community with a real, physical location.  They complained about the intellectual rigors and time demands of the academic enrichment seminars, but still rated academic support as the most important reason they stayed in MASP.  They referred to the friendships and academic support groups they formed within the context of MASP, and to the bonds formed with particular instructors and staff members.   

Discussion


These results indicate that MASP students appreciate the program and persist in science to graduation at high rates.  These high rates are not due to higher levels of academic preparation; graduation rates of MASP participants remain higher than those of other groups even after controlling for preparation.  But perhaps the most intriguing finding is that while MASP participants graduated at higher rates than other students, they did not graduate with higher grades.  This pattern—higher graduation, but not higher performance—is consistent with studies of other support programs for high-achieving students (Gándara, 1999).  This certainly suggests that the mechanism by which MASP helps students to graduate is not academic remediation.  Instead, this evidence raises the possibility that MASP’s main role is to shelter students from the non-academic obstacles to persistence in science I outlined above, including stereotype threat, lack of knowledge about how college works and the culture of science, lack of support, higher perceptions of racial prejudice and the absence of minorities in the university population. 


This is not to say that the academic component of MASP is unimportant.  On the contrary, I think it is the most important aspect of MASP.  However, regression and survey results lead me to surmise that the role of the academic component is not to provide students with additional instruction, but to assist students in building an academic community with one another, understanding the culture of science and establishing relationships with professors and graduate students in science.  Of all the MASP program components explored in the survey, students rated the program office and scholarship highest, followed by having an academic community to work with, academic advice and support from MASP staff, and the opportunity to conduct research.  Academic seminars tailed all other components.  This ranking suggests that while students may find the academic support moderately useful, they appreciate having what they described as a “community,” a “comfort zone,” a “home away from home” even more.  These rankings point away from preparation and towards the social processes, the “judgment and invitation of practicing scientists,” that Lewis (2003, p. 371) pointed to as culprits for under-representation in science.  Gándara and Maxwell-Jolley list “lack of support, prejudicial beliefs on the part of faculty and other students, exclusionary social practices on the campus” as factors (1999, p. 44).  If MASP students felt that they had a community or a comfort zone within their science majors, they presumably would not value MASP for providing those things.  


The evidence from evaluations of ESP-type programs is useful here.  Because Emerging Scholars Programs consist almost entirely of academic seminars, they provide evidence for the effectiveness of this kind of intervention.  ESP participants perform better in their calculus classes and are more likely to take more math classes in the future (Bonsangue & Drew, 1995; Fullilove & Treisman, 1990; Moreno et al., 1999; Murphy et al., 1998); in this sense, the programs are working.  However, evidence from this study suggests that perhaps the most important effect of academic seminars, both in ESP programs and in MASP, is not the bolstering of students’ academic skills, but the fostering of a set of social experiences which allow the students to join a community of scholars and have their science and mathematics potential recognized.  

Evaluations of other support programs both support and contest this interpretation.  In their study of a variety of science pipeline programs in the California State University system, Alfred and colleagues argued that the most important factor in the success of those programs was the mentoring and collaboration which took place between students and professors in the context of undergraduate research (2005).  This certainly supports the notion that the most important role of science support programs is to foster positive interactions in science, interactions where students will receive recognition and support for their interest and abilities.  These are precisely the kinds of experiences which allow for positive “judgment and invitation” from practicing scientists.

In a survey of twenty academic support programs, Gándara and Maxwell-Jolley (1999) found that in general, program participation increased graduation rates but not grade point averages.  However, two more recent program evaluations both showed evidence that participation was associated with higher grades.  Barlow and Villarejo (2004) found that participants in the Biology Undergraduate Scholars Program (BUSP) graduated at higher rates and with higher grades than a comparison group. However, BUSP students, unlike MASP students, had lower average academic preparation than other biology students.  If students are not as well prepared as their classmates, it makes sense that a strong academic program would raise their performance.  In the case of students like those in MASP, whose preparation is adequate, however, it makes equal sense that the value of an academic seminar would be to build an academic community and positive social experiences in science, rather than to raise students’ grades.  Participants in the Meyerhoff Program at the University of Maryland, Baltimore County, however, exhibited both higher graduation rates in science and higher grade point averages than non-participants (Maton et al., 2000).  The Meyerhoff Program is considerably more expensive than MASP (estimates range from five to ten times more expensive for each fully-funded participant), and recruits from a nationwide pool of applicants.  Perhaps the lesson to be learned from this is that raising graduation rates of well-prepared students in science in science requires fewer resources than raising grades.  On the other hand, the MASP program draws only from students already admitted to the University of Colorado at Boulder.  We don’t have sufficient evidence to make a judgment as to whether MASP would be able to raise achievement given the power to recruit from among the nation’s most promising students of color.  

Limitations and directions for further study

This study was limited by the small sample sizes within MASP.  Is MASP more effective for women than men?  For members of particular races?  For biology majors?  These questions are particularly important given the over-representation of women in the MASP group in comparison to the other two comparison groups, and the over-representation of African Americans in MASP compared to the group of African American, Latino and American Indian students never in MASP.  This raises important questions; for instance, could the findings of this study be due to some sort of interaction between gender and MASP participation, or race and MASP participation?  Other research suggests this could be the case; for instance, Murphy, Stafford and McCreary found that gender interacted significantly with participation in a Treisman-style program:  Female non-participants had lower final grades in calculus than male non-participants, whereas the pattern was reversed for participants (1998).  Unfortunately, the size of the MASP sample is too small to allow these questions to be investigated.  

This evaluation points to the need to better understand the nature and the dynamics of under-representation of African Americans, Latinos and American Indians in the sciences.  Just how widespread is this phenomenon?  In this study, I showed that the under-representation occurs even among well-prepared students.  It is essential that more nationwide studies (like that of Huang, Taddese and Walter, 2000) investigate this question, along with other institutions.  Are there institutions where this phenomenon does not take place?—where preparation and interest are the only factors that determine which students complete science majors?  If so, how do these institutions differ from those where student race is a significant factor in predicting the likelihood of graduating in science?  And what other factors are responsible for the diminished graduation rates? Are they primarily due to the student factors Lewis (2003) found most studies used as explanations, or to social factors, to able students not being recognized as “science people” (Carlone & Johnson, in press), not being “invited” (Lewis, 2003) by practicing scientists?

In this analysis, I have surmised that one of MASP’s most important roles in retaining students of color in the sciences is its role in helping students understand the culture of science and establish relationships with professors and graduate students in science.  It would be useful to more directly test these assertions, perhaps through survey questions directly querying students about the role of these factors, or through a more extensive ethnographic approach.

Finally, in 1999, Gándara and Maxwell-Jolley called for programs to conduct cost-benefit analyses of their programs; this call is still relevant today.  Fullilove and Treisman (1990), for instance, found that simply participating in the Mathematics Workshop Program for one semester led to increased retention in college.  With pointed research into what components are essential for developing a strong academic community, MASP and other matriculation-to-graduation programs could better focus their resources and help more students of color graduate in the sciences.  


In conclusion, for institutions in which well-prepared African American, Latino and American Indian students are less likely to complete science majors than comparable White and Asian students, MASP can serve as a moderately priced model for correcting this inequity.  A better approach, however, is to determine the factors responsible for the inequity and to correct those factors within science departments.  Perhaps the most important lesson to be learned from MASP is that students valued it for the academic community and the relationships with science professors which it fostered, rather than for the direct academic support it provided.  If students were able to find this community and this access within their science departments, they would not need a supplementary program like MASP.
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Appendix

Description of Variables

Race: Students were initially identified as members of one and only one racial category (White, Asian, Latino, African American or American Indian), because this is how the University of Colorado collects information.  Mixed race students were coded with the first race they specified on their college application.  International students were excluded from the analysis.  Because of the small number of students in MASP, each participant was then coded in one of two ways:  either as African American/Latino/American Indian or as White/Asian.  The sample size of MASP students was too small to further separate the analysis by racial group. 

Predicted first-semester grade point average: the University of Colorado Office of Institutional Research provided this, using their proprietary weighting based on high school grade point average and standardized test scores.  Values are based on a 4.0 grading scale.

Financial need:  A rather crude measure of financial need was used:  Whether or not students received need-based aid during their first semester in college. 

MASP participation:  MASP participation was defined as receiving a MASP scholarship as a freshman and participating fully in the MASP program (attending enrichment seminars, receiving advising from MASP staff, and spending several hours a week in the MASP office) for at least freshman year.

Entry year:  I controlled for entry year, in case there were systematic changes (for instance, grade inflation or changing admissions standards) either at the university level or the level of MASP.  

Graduation in science:  This was defined as graduating, by the sixth summer after matriculation, in a math or science major.  This included students graduating in astronomy, biochemistry, chemistry, environmental science, environmental and population biology, geology, kinesiology, math, molecular biology, and physics.

Graduation grade point averages:  Measured on a 4.0 scale.
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Table 1

Students admitted to the University of Colorado, Boulder, 1993-1999, with first declared major in science

	
	African American, Latino or American Indian
	White or Asian, never in MASP

	
	Admitted to MASP as freshmen
	Never in MASP
	

	Students admitted as freshmen


	67
	325
	4699

	Female


	75%
	56%
	56%

	Male


	25%
	44%
	44%

	African American


	31%
	19%
	

	Latino


	66%
	69%
	

	American Indian 


	3%
	12%
	

	White


	
	
	89%

	Asian


	
	
	8%

	Unknown


	
	
	3%

	Received aid entry semester


	66%
	54%
	29%

	Predicted first-semester GPA


	2.9
	2.6
	2.9

	Graduation GPA


	3.1
	2.9
	3.1

	Graduated in science by 6th summer


	52%
	26%
	45%


Table 2

Likelihood of graduating in science in 6 years for 1993-99 freshmen with first declared major in science

	N


	5134

	African American, Latino or American Indian


	.618*** (.129)

	MASP scholar as freshman


	2.298** (.240)

	Predicted first-year GPA


	3.941*** (.097)

	Received aid entry semester


	.786*** (.065)

	Constant 


	.016*** (.286)

	% correctly predicted


	61%

	Nagelkerke R2
	.073


Notes: Values shown are odds ratios.  Standard errors are shown in parentheses.  Cut score for percent correctly predicted was .5. ***p<.001, **p<.01, *p<.05.   The number of cases in this table is greater than the sum of all the cases in Table 1 because it includes students who joined MASP after their freshman year, as well as the White and Asian students in MASP.

Table 3

Probability of graduating in science 

	
	African American, Latino or American Indian
	White or Asian

	
	With MASP participation
	Without MASP participation
	MASP-comparable
	Typical  science student

	Predicted first-semester GPA


	2.9
	2.9
	2.9
	2.9

	Received aid entry semester


	Yes
	Yes
	Yes
	No

	African American, Latino or American Indian


	Yes
	Yes
	No
	No

	Participated in MASP


	Yes
	No
	No
	No

	Probability of graduation in science


	49%
	30%
	40%
	46%


Table 4

Graduation GPAs

	N


	16600

	African American, Latino or American Indian


	-.027 (.027)

	MASP scholar as freshman


	.075 (.049)

	Predicted first-year GPA


	.820*** (.020)

	Received aid entry semester


	-.043** (.014)

	Entry year 1994


	-.054* (.025)

	Entry year 1995


	-.044 (.024)

	Entry year 1996


	-.081** (.024)

	Entry year 1997


	-.029 (.024)

	Entry year 1998


	-.066 (.025)

	Entry year 1999


	.073 (.025)

	R2
	.324


Notes:  Values shown are unstandardized coefficients.  Standard errors are shown in parentheses. ***p<.001, **p<.01, *p<.05.

Table 5

Survey responses

	Question
	Percent choosing this response

	Would you recommend MASP to a friend?
	97%

	
	

	Why have you stayed in the program?
	

	Academic support
	87%

	Scholarship
	81%

	Staff support
	68%

	Peer support
	65%

	
	

	What was useful about the advising? (follow-up to “How helpful was the academic advice and support given to you by MASP staff?”)
	

	MASP staff provided useful connections
	65%

	Help with scheduling
	49%

	Help developing and meeting goals
	39%

	
	

	What did  you like about your research experience?
	

	Gives an opportunity to try research
	85%

	Builds contact with scientific professionals/professors
	69%

	Paycheck
	65%

	Gives an idea of what graduate student life is like
	58%

	Allows you to apply what you are learning in class on the job
	46%


Table 6

Ratings of MASP components

	Component
	Average rating

	On a scale from 1-5, 1 being not very helpful and 5 being very helpful, please rate the following aspects of MASP:
	

	Scholarship
	4.5

	Access to MASP office
	4.5

	Support from MASP staff
	4.0

	Academic community to rely on/work with
	3.9

	Research opportunities
	3.7

	Co-seminars
	3.6


Endnotes




� In this article, I use the term Asian to encompass both students who identify as Asian and those who identify as Asian American.  Although I would prefer to use students’ chosen identities to refer to them, I am constrained by my data.  Most of the data was supplied by the University of Colorado Office of Institutional Research and was not detailed enough to allow me to distinguish between these two groups.  However, all the students classified as Asian are U.S. residents; international students are excluded from the data set.


� Although delta-p is the most commonly reported change-in-probability measure � ADDIN EN.CITE <EndNote><Cite><Author>Peng</Author><Year>2002</Year><RecNum>196</RecNum><record><rec-number>196</rec-number><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Peng, C.</author><author>So, T.</author><author>Stage, F.</author><author>St. John, E.</author></authors></contributors><titles><title>The use and interpretation of logistic regression in higher education journals:  1988-1999</title><secondary-title>Research in Higher Education</secondary-title></titles><periodical><full-title>Research in Higher Education</full-title></periodical><pages>259-293</pages><volume>43</volume><number>3</number><dates><year>2002</year></dates><urls></urls></record></Cite></EndNote>�(Peng, So, Stage, & St. John, 2002)�, it could not be used in this case.  Delta-p indicates how much the probability of the outcome variable is increased for a one-unit increase in the predictor variable (Cabrera, 1994).  The baseline probability used in calculating delta-p is the mean value of the outcome variable across the sample and thus, in this case, can be thought of as the probability of a typical student graduating—one who possesses the average value of each predictor variable.  In this study, however, the students of interest, academically well-prepared African American, Latino and American Indian students, are not typical.  When compared with all University of Colorado College of Arts and Sciences students, their predicted first-year GPA is typical, but their likelihood of receiving aid-based need during their first year is higher than average (see Table I).  Furthermore, the “average” University of Colorado student is White.  So delta-p calculations when using a college-wide sample indicate how much participating in MASP would raise the likelihood of graduation for a White student who does not receive need-based aid, whereas the actual MASP participants are mostly African American, Latino and American Indian, and receive need-based aid. 











