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Abstract: 

 

It is a well known fact that there is an achievement gap in the K-12 educational system 

between students of different races and ethnicities.  Also known is the substantial disparity 

among these groups in math intensive college programs:  Physics, Engineering, Mathematics, 

and the Geosciences.  The objective of this study is to present a review of this pipeline issue in 

these four fields, beginning doctoral level and continuing to the elementary level while 

specifically focusing on the implications for African American students.   

This study was conducted through data analysis and literature review and has concluded 

that the largest leak in the K-20 STEM pipeline for African American students occurs between 

the Fourth and Eighth grades.  Analysis indicates that the issue of the achievement gap could be 

rooted further back in children’s education, but sufficient data do not exist to trace the gap to that 

level. 

The primary goal of the project is to provide useful information for educators at all levels 

of the system.  With an issue of this magnitude, it is necessary to provide those working on the 

issue at the postsecondary level with as much information as possible regarding how the K-12 

achievement problems affect them.  Just as necessary is the dissemination of this information to 

the K-12 educators to help underline how the underachievement of students becomes an even 

larger issue at the postsecondary level. 
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Introduction 
 

The United States is now facing a threat to its international standing and competitiveness 

in world markets.  This threat to America’s leadership is not caused by some external force, but 

rather by a lack of attention to the study of Science, Technology, Engineering, and Mathematics 

(STEM) fields.  According to the 2006 Programme for International Student Assessment (PISA) 

report which was conducted internationally with 15 year olds, American students were ranked 

below 23 of the 29 countries who participated in the mathematics portion of the exam [1].  This 

illustrates that the United States could be losing its position as a world leader in technological 

innovation, which is driven by people with education in the STEM fields. 

 

Although there are varying reports on the severity and prevalence of failures in the STEM 

pipeline systems, one essential piece remains constant.  When it comes to these subjects, a 

significant portion of our human resources remains untapped.  African Americans make up 

between 12 and 13 percent of the United States’ population.  However, according to the National 

Science Foundation’s Division of Science Resource Statistics, out of 559 students who were U.S. 

citizens or permanent residents and who graduated with their PhD in Physics in the United States 

in 2004, only 13 or 2.3 percent were African American.  This can be compared with 453 of 

Physics PhD recipients that were Caucasian, and 93 degrees earned that year by other races and 

ethnicities [2].  Unfortunately this is not an isolated event, as this discrepancy between the 

number of degrees earned by different ethnicities in this field can be seen as far back as 1995 

(Figures 1 and 2).  Thus I have been able to observe that there is an achievement gap between 

these two primary groups at the PhD level, and this fact has served as the impetus of my 
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research.  For the purpose of this study, I focus directly on the achievement gap between African 

American students and Caucasian students throughout the STEM pipeline. 

Figure 1. 
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Figure 2. 

U. S. Citizens/Permanent Residents Earning PhDs in 

Physics
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The objective of this study has been to analyze the STEM pipeline to identify the “leaks” 

in the system.  Specifically, the study has focused on four math intensive fields which I have 

identified as Physics, Mathematics, Engineering, and the Geosciences.  During the course of this 

research, it has been discovered that very low percentages of African American students have 

achieved high degrees in these fields.  The two main components of this analysis are both aimed 

at determining the severity and location of the largest achievement gaps between Caucasian and 

African American students in the STEM pipeline.  The results of the literature review are 

presented here as background information, while the results of my data analysis are recorded in 

the data section of this report. 
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The ultimate goal of the thesis is to provide useful information for educators at all levels 

of the education system.  With a problem of this depth and magnitude, it is necessary to provide 

those working on the issue at the postsecondary level with as much information as possible 

regarding how the K-12 achievement problems affect them.  Just as necessary is the 

dissemination of this information to the K-12 educators to help underline how the 

underachievement of students becomes an even larger issue at the postsecondary level. 

 

 

Background 

 

 

In this section, I introduce the papers which were directly used in establishing parts of the 

STEM pipeline.  While some of these papers are not directly related to African American 

achievement, the issues that they illustrate affect the whole population of students and thus can 

be useful in providing a clearer picture of the STEM pipeline. 

 

AIP Report [3] 

An American Institute of Physics report released in September of 2008 entitled 

“Untapped Talent:  the African American Presence in Physics and the Geosciences” seeks to 

better understand the achievement gap between Caucasians and African Americans as it applies 

to collegiate and advanced degree attainment.  They begin by stating that those African 

Americans who scored in the top quartile on the 1992 mathematics standardized test, had only a 

61% chance of earning a Bachelor’s degree by 2000, compared to the 66% chance of other 

students.  With this being represented as the overall state of things, the study goes on to discuss 

that Physics and Geosciences had the most underrepresented of all the science degree programs.  

In addition, while African Americans earning Bachelor’s degrees in Engineering is also 
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underrepresented at 6%, the fact that it is higher than the other disciplines gives evidence that 

“significant numbers of African American students with ability and interest in science, 

engineering, and mathematics do exist.”  

 

 From 2000-2004, the study states that there were only 28 universities that graduated six 

or more African American Bachelor’s degrees in Physics and 9 universities that graduated six or 

more African American Bachelor’s degrees in the Geosciences.  Also reported is that 2/3 of all 

degree granting Physics departments awarded no degrees to African Americans from 2000 to 

2004.  The authors state that there are 35 Historically Black Colleges and Universities (HBCUs) 

with degree granting departments in Physics.  According to this study, they account for 50% of 

Bachelor’s degrees in Physics earned be African American students.  In comparison, the study 

offers that there are only 4 HBCUs that have degree granting departments in the geosciences and 

that they account for 10% of Bachelor’s degrees earned in these fields by African Americans. 

 

The authors contend that these shortcomings are due primarily to three factors:  location, 

recruitment, and the role of HBCUs.  The authors assert that the location of the departments 

matters because of their claims that nearly half of all African American college students attend 

colleges or universities within 10 miles of their home.  Thus physical access to these degree 

programs is an issue.   

 

According to the authors, recruitment efforts are lacking.  They state that departments 

should be more proactive in their recruitment and that they should do more to include students’ 

parents in their efforts.  The role of HBCUs is another factor which they support by giving that in 
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2004, 49% of African American Bachelor’s degrees in Physics were earned at an HBCU as well 

as 12% of African American Bachelor’s degrees in the Geosciences.  Their study goes on to 

describe the situation at the Master’s level by stating that between 2000 and 2004, 181 African 

American students earned their Master’s in Physics out of 7063 total Physics Master’s degrees 

and that 86 of the  7175 total Geoscience degrees were earned by African Americans.  At the 

PhD level, the authors make the statement that “Something is happening to African American 

Physics students between Bachelor’s degrees and the PhD”. 

 

Rutgers University Report [4] 

“Steady as She Goes?  Three Generations of Students through the Science and 

Engineering Pipeline” is a report published by Rutgers University in October of 2009.  This 

report studies three key transition points in the STEM pipeline: the transition from high school to 

college, college to first job, and college to mid-career.  This is done over three cohorts of 

students with ranges which change slightly over the three transitions.  They preface their study 

by stating that the “US produces large numbers of top performing science and math students”, 

and that “Universities in the United States actually graduate many more STEM students than are 

hired each year.”  Their definition of STEM is not clearly expressed, except to note that they do 

not include the Social Sciences, and this study does not break down results by STEM field or by 

race/ethnicity.   

 

Their analysis of the first transition from high school to college (5 years after High 

School), finds that from the 1972/77 cohort to the 1992/97 cohort there is an increase in the rate 

of retention into STEM degrees of the top high school graduates, as measured by their ACT/SAT 
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math exams, from 21.4% to 28.7%.  However, between the 1992/97 cohort and the 2000/2005 

cohort they found a steep drop in the retention rate to 13.8%.  In the second transition from 

college to first job (3 years after college), they find that that from the 1977/80 cohort to the 

1993/96 cohort there was an overall increase in the STEM retention rate from 31.5% to 52.8%, 

however from the 1993/96 cohort to the 1997/00 cohort there was a significant drop to 44.9%.  

At this transition level, there was no difference between top and average performers, as 

determined by GPA, and their STEM employment prospects, and the drop between the 1993/96 

cohort to the 1997/00 cohort was across the board.  At the third transition, measured from college 

to mid-career (10 years after college completion), there was a large increase in STEM retention 

rates from the 1977/87 cohort to the 1993/03 cohort from 34.8% to 43.7%.  This increase was not 

visible with the highest achievers, as measured by GPA, and within this group there was actually 

a decline from the 1977/87 cohort to the 1993/03 cohort.   

 

It was determined in this study that college achievement is not a good indicator of 

retention into STEM career paths, and the authors contend that the number of students who 

graduate with degrees in STEM fields is not a good measure of the success of the pipeline since 

“a sizeable portion of STEM jobholders do not have college degrees and/or degrees in STEM 

fields.”  The authors offer a few possible explanations for this phenomenon.  They first say that 

their data does not support the hypothesis that students are not being prepared for STEM degree 

programs.  However, they do suggest that students could be generally lacking interest, or that 

there is some other factor causing jobs in STEM fields to be unattractive. 
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RAND Report [5] 

A RAND publication from 1995 entitled “Examining Gaps in Mathematics Achievement 

Among Racial-Ethnic Groups, 1972-1992” gives a brief overview of the achievement gap in high 

schools over the stated time period.  They reported using data from the National Longitudinal 

Study of the High School Class of 1972, High School and Beyond study (for the 1982 follow-

up), and the National Education Longitudinal Study of 1988 (for the 1992 follow-up), and they 

did a comparison where appropriate with the NAEP data.   

 

This study states that in terms of mathematics achievement the achievement gap between 

Caucasian and African American high school students had narrowed by 20% between 1972 and 

1992.  The authors also state that the socioeconomic circumstances of the African American 

students had improved in comparison to Caucasian students.  For their family background 

measures, which included family income, parental education, and socioeconomic status, they 

determined that these measures “…alone corresponded to a 54% decrease of the black-white gap 

in mathematics scores between 1972 and 1992.”  Also noted in their report is that as the minority 

composition of high schools increased between 1972 and 1992, the test score gaps also 

increased.  Their study did not seek to determine the cause of the African American – Caucasian 

mathematics score convergence, although they did examine the correspondence between the 

achievement gaps and family, school, and other achievement measures. 

 

USF Report [6] 

A University of South Florida publication entitled “Science, Technology, Engineering, 

and Mathematics (STEM) Pathways:  High School Science and Math Coursework and 
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Postsecondary Degree Attainment” focuses on the quality and rigor of science and mathematics 

courses over the number of science courses taken.  This study used the Florida Department of 

Education database as its primary data source and it makes the claim that due to its particular 

diversity Florida students can be considered representative of the nation as a whole.  The authors 

find that African Americans and Hispanics who did complete high-level courses were as likely as 

Caucasians to pursue STEM degrees.  This study tracks specifically mathematics and science 

courses and provides evidence that those students who take the highest levels of these courses 

(Calculus or higher and Physics II or Chemistry II respectively) are more likely to obtain STEM 

degrees.   

According to the authors, among degree recipients, those students who had completed 

Calculus were 34.6% more likely to obtain a STEM degree.  Students who had taken Physics I 

were 18.7% more likely to obtain STEM degrees.  Also of note is that this study indicates that 

students in the highest course achievement levels, Physics I and Chemistry II or Physics II, were 

more likely than students who had taken just Chemistry I to continue into a STEM degree 

program.   

 

The authors also suggest that “racial disparities in STEM pathways occur in high school 

when students get on the STEM pathway with science and mathematics course-taking, but these 

racial disparities may not have a strong influence in college among talented Black and Hispanic 

students.”  As evidence of this, the authors state that “Black and Hispanic students have the 

poorest course-taking patterns.”  Most of these minority students do not take Chemistry I, and 

only 14.4% of the African American students are taking Physics.  This can be compared with 

28.1% of Caucasian students who had taken Physics.  The study draws the conclusion that 
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“…high school is a primary point for Black and Hispanic students to drop off STEM pathways 

because they do not take high-level courses at the same rate as their peers.” 

 

2006 PISA Report [1] 

The 2006 Program for International Student Assessment (PISA) report published by the 

Organization for Economic Co-operation and Development (OECD), analyzes the self-reported 

interests and opinions of 15 year olds across all of the countries and cities which participated in 

the study, in addition to ranking nations on their students’ performance on standardized tests.    

According to this study, the United States ranks below 23 of the 29 participating nations in 

mathematics and these results seem to suggest that top performers are not as interested as one 

might expect in continuing with science and that even those students who were the lowest 

performers had some interest to continue with science past high school.   

 

Of those students who were identified as top performers, 77% indicated that they were 

interested in Human Biology.  The next highest category of interest was Chemistry (72%) 

followed by Physics (69%) and Astronomy (67%).  For students identified as being the lowest 

performers, the distribution of interest is similar.  More students were interested in Human 

Biology (56%) than in Physics (39%), however the third highest percentage of interest was a tie 

between “Ways scientists design experiments” and Plant Biology both at 38%.  87% of the top 

performing students report that they “enjoy acquiring new knowledge in science”, and 83% 

agreed with the statement “I generally have fun when I am learning science topics”.  This is 

compared to 49% of the lowest performing students who stated that they enjoyed “acquiring new 

knowledge in science” and 48% who agreed with the statement above.  Students who were 
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identified as being a top performer were more than twice as likely to indicate that they would 

like to work in a career involving science than students who were identified as being the lowest 

performers (61% and 27% respectively).  39% of the top performers reported wanting to “spend 

my life doing advanced science” while 17% of the lowest performers had the same aspirations.  

However, 20% of the lowest performing students indicated that they would like to work on 

science projects as adults, while 47% of top performers said the same.   

 

Maton Report [7] 

A 2004 publication entitled “Increasing the Number of African American PhDs in the 

Sciences and Engineering” by Kenneth I. Maton and Freeman A. Hrabowski III focuses on the 

collegiate level of education and what can be done to improve the number of African American 

STEM graduates.  They define STEM to include Psychology and the Social Sciences.  They 

report that in 1979 only 1.2% of all STEM PhDs were awarded to African Americans and that 

the number has risen slightly to 2.9% in 2000.  Their paper details the Meyerhoff Scholars 

Program, which is an intervention program developed specifically to increase the number of 

African American students in STEM degrees at the University of Maryland Baltimore County 

(UMBC).   

 

Their study outlines four sets of factors which “enhance minority students’ success in the 

sciences.”  Their sets of factors include academic and social integration, knowledge and skill 

development, support and motivation, and monitoring and advising.  Of the fourteen components 

of the Meyerhoff Scholars Program, they find five to be especially relevant.  They determine that 

Program Community has been selected by students surveyed as a key component of the program.  
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It was determined that Financial Support resulted in less stress on the students due to finding 

time to study and that it was also ranked highly by surveyed students.  The Meyerhoff Program 

staff themselves have also been highly rated as a key to the success of the students in the 

program.  It was determined that their academic advising and personal counseling initiatives 

were highly useful to the students.  Research Internships and Mentors were also viewed as being 

important to the success of students by the students themselves.  Students indicated that having 

these available increased their desire to continue in STEM and to pursue PhD programs.  The 

fifth element of the program considered to be most important was the Campus Academic 

Environment.  Students in the Meyerhoff program indicated that they felt there were more 

networking opportunities available on campus than did other students.  Also, faculty and staff 

reported a change in their perception of African American students’ capabilities. 

 

This paper also details two other studies considering the non-academic factors in the 

success of African American students involved in the Meyerhoff program.  Through these two 

studies, there were four primary motivational factors which emerged.  Determined and persistent 

academic engagement, strict limit setting and discipline, child focused love, support, 

communication, and modeling, as well as community connectedness and resources.  The authors’ 

final conclusion is that “a well-designed university-based intervention can increase the numbers 

of African American undergraduate students who proceed to STEM PhDs.” 

 

The authors describe their success using a comparison between students who were 

involved in the Meyerhoff program and students who were invited to participate but declined.  

They found that “the percentage of Meyerhoff students who had graduated from or who were 
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currently attending STEM PhD or MD/PhD programs (29.1%; n=86) was 5.4 times greater than 

the percentage of declined students (5.5%; n=8), a dramatic and statistically significant 

difference.”  Also presented was that “an additional 41.9% of Meyerhoff students (n=124) had 

graduated from or were currently enrolled in medical school or STEM professional or master’s 

programs, compared with 50.7% of declined students (n=74)” and that “29.1% (n=86) of the 

Meyerhoff students did not enter STEM graduate or medical school programs, compared with 

48.3% (n=64) of the declined students.” 

 

MSU Report [8] 

A recent report released by Michigan State University entitled “Pathways to a STEMM 

Career” emphasizes two main findings regarding what they refer to as the STEMM (Science, 

Technology, Engineering, Mathematics, and Medicine) pipeline which can be applied to our 

current study.  They used data from a 20 year study called the Longitudinal Study of American 

Youth to create their structural equation path model.  The authors find that home and parental 

factors play an important role in encouraging interest in these fields among students and that 

mathematics play a “central role” in graduating with a STEMM degree and continuing with a 

STEMM employment path.  According to this report, parental encouragement is one of the 

primary factors in students’ success in STEMM fields.  The authors state that the “pathway to a 

STEMM career begins at home.”   

 

Their study indicates that of those students who received little encouragement from their 

parents to pursue science and mathematics only 11% planned to major in a STEMM field versus 

42% of students planning to major in STEMM fields who were encouraged in science and 
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mathematics.  Also interesting is that 27% of students whose parents had graduated college 

planned to major in a STEMM versus 18% of students whose parents only completed a high 

school diploma.  Using this, the authors assert that parental education and parental involvement 

in children’s academic careers is a vital part of the STEM(M) pipeline.  Mathematics is 

considered by this study to be imperative in the preparation of students for STEMM degrees.  

The authors espouse that beginning Algebra in the 8
th

 grade sets up students for success in other 

mathematics classes and that it increases the chances of those students going into STEMM 

majors and careers. 

 

Price Report [10] 

A working paper written by Dr. Joshua Price entitled The Effect of Instructor Race and 

Gender on Student Persistence in STEM Fields hypothesizes that “students experience better 

educational outcomes when they are able to interact and associate with faculty who are of their 

own race or gender.”   

 

The author examines this hypothesis using information from the Ohio Board of Regents 

to create a fixed effects model in which he attempts to estimate the effect of a professor’s race or 

gender on the likelihood that the student will continue in STEM.  One consideration made is that 

students can self-select into different classes, so the author mitigated that effect by controlling 

for whether the instructor is African American and the percentage of classes being taught by 

African American professors.  Also an issue is that the data was taken only over one semester 

during students’ Freshman year, so there is no way for the current study to differentiate between 
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students who stayed in STEM fields and those who changed their degree path after the first 

semester of Freshman year. 

 

The study ultimately indicated that gender had no effect on students continuing in STEM 

and that race does have a positive effect on students’ continuation in STEM degree paths.  

According to this study, “female students are no more likely to persist in a STEM fields when 

they enroll in courses taught by female faculty.”  The author notes that this is consistent with 

previous studies.  Also presented is that “there is significant evidence suggesting that black 

instructors increase the persistence of black students in STEM fields” and that the study indicates 

that “…black instructors in college do not have an impact on the persistence of white students in 

STEM fields.” 

 

Methods 
 

A major consideration at the beginning of this project was the operational definition of 

“math intensive fields”.  Those four fields which have been identified as math intensive fields are 

Physics, Mathematics, Engineering, and the Geosciences.  The fields designated as math 

intensive fields were chosen as such due to the high level of mathematical content in these 

degree programs. This designation can be considered a subsection of the general term STEM, 

and may be used interchangeably with the term STEM for the purposes of this study.  Where 

available and applicable, other authors’ definitions of STEM have been cited as clarification.   

 

The key assumption of this study is that mathematics serves as a good indicator of the 

success of students in STEM fields.  Data from mathematics standardized tests is abundant at 
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both the state and national levels and these exams are fairly consistent in their content and scope.  

Standardized science exams have a broad range of topics covered, and are not widely 

implemented, so the decision was made to use the mathematics exams as a more reliable 

indicator of student success.  Using information from the literature review, I have conducted the 

data analysis under the assumption that high achievement in mathematics is necessary for a 

strong performance in STEM degrees at the collegiate level and that a minimum of proficient 

performances are expected for those students who complete their college degrees in STEM 

fields. 

 

The decision to focus primarily on African Americans’ achievement in these fields was 

made for three particular reasons.  It is generally assumed that there is an issue of 

underachievement with this subset of students, though in informal conversations with educators 

no one was able to direct us to a non-anecdotal source of information about its severity.  I 

believed that there would be more information readily available on the academic records and 

achievements of African American students than for students of other races or ethnicities.   

Another reason for the focus on African Americans is that while there is some information 

available for Hispanics and other minority groups, focusing primarily on African American 

students helps to control for issues that might arise from students’ status as first or second 

generation immigrants such as language barriers or other cultural considerations. 

 

It was determined early in the course of this work that there were not enough existing 

sources to gather a full description of the STEM pipeline without also conducting a new data 

analysis myself.  While there are several descriptions of the outcomes of the African American 
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achievement gaps in STEM at the collegiate level, there are few descriptions of the same in the 

K-12 system.  For this reason, I rely most heavily on the data to describe the situation in the K-

12 system, while using the data analysis of the collegiate system to verify that there is indeed an 

achievement issue. 

 

The data analysis was conducted primarily over two sets of data, although there are other 

data sets available from which to draw conclusions.  Studies conducted over a long period of 

time, longitudinal data sets, were not utilized in this data analysis due to the difficulty of 

obtaining permissions.  I determined that the data used for analysis should be easily accessible to 

both the research community and the general public. Thus I have utilized data from both the 

National Science Foundation (NSF) [2] and the Institute of Educational Services which provides 

the National Assessment of Educational Progress (NAEP) exams [9] because they are publicly 

available without special research permissions.  Both resources are easily navigated and very 

well organized, thus making analysis much more straightforward and understandable. 

 

The general approach to the data analysis has been to trace the pipeline backwards from 

the PhD level.  Once I analyzed the collegiate level data, the next step was to link attainment of 

collegiate degrees in STEM to high school course taking and success.  This connection was made 

through the USF report which claims that students who had completed Calculus were 34.6% 

more likely to obtain a STEM degree and that students who had taken Physics I were 18.7% 

more likely to obtain STEM degrees.  After establishing a link between collegiate STEM success 

and high school course taking, I conducted data analysis on the NAEP mathematics exams to 
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determine if the achievement gap and subsequent underachievement of African American 

students could be traced to the middle or elementary school level. 

  

 

Data Analysis 
 

The NSF-DSRS data [2] has been particularly useful for illustrating the attrition rates 

between Bachelor’s degree recipients and Master’s degree recipients as well as between Master’s 

degree recipients and PhD recipients.  This data set is broken down by race and ethnicity, as well 

as by degrees attained, so it was possible for us to analyze specifically those degree programs we 

deemed to be math intensive:  Physics, Mathematics, Engineering, and Geosciences.  The data 

presented here represents only those students who are American citizens or permanent residents 

thus automatically excluding any students whose citizenship is unknown and nonresident aliens.  

The data reported here is from 2004, the most recent year for which data was available. 

 

At the PhD level, African Americans make up 4.31% of students who earn their PhD in 

Engineering, while Caucasian students make up 70.67% of those degrees attained.  Physics has 

the next highest degree attainment for African Americans with 2.33% of PhDs awarded to those 

students, while 81.04% of Physics PhDs are awarded to Caucasian students.  In Mathematics, 

African Americans were awarded 1.96% of PhDs while Caucasians received 78.04% of these 

degrees.  Again the Geosciences have the smallest degree attainment with 1.64% of PhDs in this 

field awarded to African Americans while Caucasian students earned 86.15% of PhDs in this 

field.  In each of these areas, with the exception of the Geosciences, Caucasian students made up 
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a greater percentage of degree recipients at the PhD level than at the Master’s degree level.  This 

is clearly shown in Table 1 below. 

 

 

Table 1. 

Number of PhDs Awarded in 2004 to Students in Math Intensive Fields* 

 Physics Mathematics Engineering 

Geosciences 

(Earth, 

Atmospheric, and 

Ocean Sciences) 

All US Citizens / 

Permanent Residents 559 510 2182 426 

Caucasians 

453  

(81.04%) 

398 

(78.04%) 

1542  

(70.67%) 

367  

(86.15%) 

African Americans 

13  

(2.33%) 

10  

(1.96%) 

94 

 (4.31%) 

7 

 (1.64%) 

Hispanics 13 26 88 11 

Asians/Pacific 

Islanders 44 54 354 11 

Other 36 22 104 30 

*Percentages provided for African American and Caucasian students for comparison. 

 

 

At the Master’s degree level, Engineering becomes the degree with the highest 

percentage of African Americans who attain it with 4.67%, and 64.41% of these degrees go to 

Caucasian students.  The next highest achievement rate for math intensive fields is for 

Mathematics with African American students earning 4.58% of Master’s degrees in this field 

while Caucasian students earn 71.46%.  Physics has the next highest rate; African Americans 

earn 2.67% of these Master’s degrees compared to 78.22% earned by Caucasian students.  Again 

the Geosciences have the smallest percentage of African Americans who earn Master’s degrees 

in those fields with 1.68% versus 87.20% of the earned degrees that go to Caucasian students.  
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This data is more clearly illustrated in Table 2.  For African Americans the largest retention rate 

(assuming that one must have a Bachelor’s degree prior to achieving a Master’s degree) is in the 

Geosciences while the smallest rate is in Physics.  For Caucasian students, the largest retention 

rate is in the Geosciences where the percentage of these students earning Master’s degrees is 

higher than the percentage of these students who earned Bachelor’s degrees, and the smallest 

retention rate is in Engineering. 

Table 2. 

Number of Master’s Degrees Awarded in 2004 to Students in Math Intensive Fields* 

 Physics Mathematics Engineering 

Geosciences 

(Earth, 

Atmospheric, and 

Ocean Sciences) 

All US Citizens / 

Permanent Residents 1010 2512 18252 1312 

Caucasians 

790  

(78.22%) 

1795 

(71.46%) 

11757  

(64.41%) 

1144  

(87.20%) 

African Americans 

27 

 (2.67%) 

115 

 (4.58%) 

853 

 (4.67%) 

22  

(1.68%) 

Hispanics 44 113 1130 36 

Asians/Pacific 

Islanders 60 275 3002 39 

Other 89 214 1510 71 

*Percentages provided for African American and Caucasian students for comparison. 

 

 

At the Bachelor’s degree level in 2004, Mathematics has the highest percentage of 

African American students who earn Bachelor’s degrees with 6.00% compared to Caucasian 

students who make up 73.73% of degrees attained.  The next highest category for Bachelor’s 

degree attainment in math intensive fields is Engineering, with 5.34% of degrees awarded to 

African American students and 69.61% of degrees going to Caucasian students.  African 

Americans students represent 4.18% of the Physics degrees earned, while Caucasian students 
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make up 78.85% of Bachelor’s degrees earned.  The smallest representation of African American 

students who earned their Bachelor’s degree was in the Geosciences, where they made up 1.69% 

of the degrees awarded in that field compared to 86.83% of degrees awarded that went to 

Caucasian students.  This is more clearly illustrated by Table 3. 

 

Table 3. 

Number of Bachelor’s Degrees Awarded in 2004 to Students in Math Intensive Fields* 

 Physics Mathematics Engineering 

Geosciences 

(Earth, 

Atmospheric, and 

Ocean Sciences) 

All US Citizens / 

Permanent Residents 3967 13073 60128 3853 

Caucasians 

3128 

(78.85%) 

9639 

(73.73%) 

41857  

(69.61%) 

3338  

(86.83%) 

African Americans 

166 

 (4.18%) 

784 

 (6.00%) 

3212  

(5.34%) 

65 

 (1.69%) 

Hispanics 187 676 4470 131 

Asians/Pacific 

Islanders 223 1244 7625 85 

Other 263 730 2964 234 

*Percentages provided for African American and Caucasian students for comparison. 

 

 

Figures 3, 4, 5, and 6 below illustrate the number of students in each of the four math intensive 

fields graduating with their Bachelor’s degree, Master’s degree, or PhD in 2004, broken down by 

race and ethnicity. 
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Figure 4. 

Mathematics Degree Attainment
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Figure 5. 

Engineering Degree Attainment
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Figure 6. 

Geoscience Degree Attainment
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Table 4 below illustrates the percentage of students who earned their Bachelor’s degree 

and then continued on to their PhD in each of the four math intensive fields. 
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Table 4. 

Percentage of Students Earning Bachelor’s Degrees and Continuing to Earn a PhD 

 Physics Mathematics Engineering 

Geosciences (Earth, 

Atmospheric, and 

Ocean Sciences) 

All US Citizens / 

Permanent Residents 14.09 3.9 3.63 11.06 

Caucasians 14.48 3.94 3.68 10.99 

African Americans 7.83 1.28 2.93 10.77 

Hispanics 6.95 3.85 1.97 8.4 

Asians/Pacific Islanders 19.73 4.34 4.64 12.94 

Other 13.69 3.01 3.51 12.82 

 

In order to better understand the K-12 system, I turned to the National Center for 

Education Statistics’ 2009 NAEP Mathematics exam [9].  This exam is a national standard 

administered to students nation wide, and it is by analyzing this data that we hope to get a clear 

picture of students’ success.  This particular data set gives a breakdown by race and ethnicity 

over time, though we looked specifically at the data for 4
th

 and 8
th

 grade African American and 

Caucasian students in 2009 for our analysis.  This exam ranks students into performance 

categories, Below Basic, At or Above Basic, At or Above Proficient, and At Advanced.  Thus 

those percentages reported as being “At or Above Proficient” include those students who 

achieved an Advanced score.  Generally, it can be said that the scores for 8
th

 graders have 

trended upward, the scores for 4
th

 graders are fairly stable, and that the Achievement Gap 

remains relatively unchanged.   

 

The NAEP scores for African American students in the 8
th

 grade have increased, albeit 

only a little since 2007.  In 2009 12% of these students scored at or above the Proficient Level, 

while only 1% scored at the Advanced level.  The number of students who scored at or above 

Proficient Level has increased by 1% from 2007, while the number of Advanced scores has 
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remained the same.  There has been some mild progress: a 3% drop (from 53% in 2007 to 50% 

in 2009) in students scoring at the Below Basic level.  Even so, this leaves 50% of African 

American students nationally who are not demonstrating even a Basic Level understanding of 

Mathematics in the 8
th

 grade.  Caucasian students have scored better than their African American 

peers in the 8
th

 grade.  In 2009, 44% of Caucasian 8
th

 graders scored at or above the Proficient 

Level while 11% scored at the Advanced level.  This is an increase in both levels of 2% from 

2007-2009.  The number of students who scored Below Basic is 17% for 2009, which has 

decreased from 18% in 2007.  The 2009 NAEP Mathematics results for 8
th

 graders are shown 

below in Figure 7. 

Figure 7. 

8th Grade NAEP 2009 Mathematics Results
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Fourth graders have shown even less progress nationally, as for both African American 

and Caucasian students, the scores remain essentially unchanged between 2007 and 2009.  

Fourth grade African Americans had an increase of 1% in the number of students performing at 

or above the Proficient Level (from 15% to 16%), while 1% of students scored at the Advanced 

Level and 36% of African American students scored Below Basic.  Caucasian students showed 

no change from 2007 to 2009, with 51% of students scoring at or above the Proficient Level, 8% 

performing at an Advanced Level, and 9% of students scoring Below Basic. The 2009 NAEP 

Mathematics results for 4
th

 graders are shown below in Figure 8. 

Figure 8. 

4th Grade NAEP 2009 Mathematics Results
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From the 4
th

 grade to the 8
th

 grade, both African American and Caucasian students exhibit 

a drop in the percentages of those students scoring at or above Proficient levels and an increase 

of those students scoring Below Basic levels.   

 

 

 

Findings 
 

The findings presented in this section represent the most relevant and surprising 

information uncovered during the course of this study.  Generally, it can be said that there is no 

consensus as to the cause of the leak in K-20 STEM Pipeline.  Each publication and data source 

that has been considered here offers a different and valuable perspective on the issue, and though 

there is no consensus, it is by combining these hypotheses that one can begin to diagnose 

multiple weak points in the system. 

 

The AIP report [3] suggests that the decline in the achievement of advanced STEM 

degrees by African Americans is due to a lack of recruitment efforts on the part of many 

colleges.  They suggest that recruitment should be aimed more to students’ parents. 

 

The Rutgers report [4] has more to say on the issue of recruitment, claiming that the 

majority of the most qualified STEM candidates are not pursuing degrees in STEM.  They claim 

that in terms of raw numbers there are more students graduating with STEM degrees than are 
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needed in the current job market and that they are not those who are most qualified for the degree 

paths.   

 

The USF paper [6] links high school course taking to collegiate success in STEM fields.  

The paper reports that only 0.5% of students have taken courses up to and including Chemistry II 

or Physics II and that 7.7% of students have taken mathematics up to Calculus.  They go on to 

state that “Calculus makes the largest contribution to degree attainment with 46.7% of students 

who take this course successfully in high school obtaining a Florida public university degree.”  

Although this is an overarching statement which applies to all degree fields, they also state that 

students who take Calculus are 34.6% more likely to obtain degrees in STEM fields. 

 

Results from the 2006 PISA report [1] seem to suggest that top performers are not as 

interested in continuing into science related careers, and that of those students who were 

considered in the lowest performance group there was still a significant percentage of students 

who aspired to continue in science. 

 

The MSU report [8] makes two major claims.  The first is that students should ideally 

begin Algebra in the 8
th

 grade in order to increase their chances of pursuing and obtaining 

STEMM degrees.  Their second major claim is that parental involvement is a driving factor in 

students’ success.  Their study showed that those students whose parents pushed them to attend 

college and to study STEM fields did so more often than those students whose parents did not. 
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From the data analysis, I have found that of 559 students who were U.S. citizens or 

permanent residents and who graduated with their PhD in Physics in the United States in 2004, 

only 13 of them were African American and that 453 of these degree recipients that were 

Caucasian [2].   

 

With regards to the standardized test scores of African American students [9], 12% of 8th 

grade African American Students scored at or above the Proficient Level, while only 1% scored 

Advanced.  Not even 50% of African American students nationally are demonstrating a Basic 

Level understanding of Mathematics in the 8th grade.  This is compared to 44% of Caucasian 8th 

graders who scored at or above the Proficient Level and 11% who scored at the Advanced level.  

The number of Caucasian students who scored Below Basic is much lower, only 17% for 2009.   

 

At the 4th grade level, 16% of African American students scored at or above the 

Proficient level with only 1% scoring at an Advanced level.  36% of African American students 

performed Below Basic on this exam compared to only 9% of Caucasian students.  Caucasian 

students also performed better at the Proficient Level, with 51% of students, and 8% of these 

students scored at the Advanced Level. 

 

 

Conclusions 
 

This data analysis supports suspicions that the problem of the STEM pipeline is firmly 

rooted in the very earliest stages of children’s development.  With no explanation able to fully 

address this problem of achievement gaps in the STEM pipeline, once again the problem must be 

examined from an aggregate perspective.   
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It can be said that increasing recruitment efforts could help boost the number of students 

graduating with an advanced STEM degree, however it could also be said that increasing 

students’ incentives to take more advanced science and math courses in high school will help 

increase the STEM graduation rates for minorities.  It is difficult to say that without more 

attention focused at the elementary and middle school levels of mathematics and science that the 

rates of those students pursuing STEM degrees will increase.  I find that the largest leak in the 

STEM pipeline occurs somewhere between the Fourth and Eighth grades, and that this continues 

to affect students’ participation in STEM pathways throughout their academic careers.  The 

achievement gap and STEM pipeline leak could be present prior to the 4
th

 grade, but sufficient 

data do not exist to verify this suspicion. 

 

African American students are falling behind their Caucasian classmates as early as the 

4
th

 and 8
th

 grades.  It is beyond the scope of this project to determine the direct causal mechanism 

of this particular outcome, but more studies could be done to ascertain the nature of this problem. 

 

There is a need for more rigorous mathematics, physics, and chemistry courses in the K-

12 educational system.  It has been demonstrated that taking these courses positively affects 

students’ chances of achieving a STEM degree, and without a strong background in these fields, 

students who do chose to pursue STEM degrees do so at a disadvantage to other students who 

have had rigorous preparation. 
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More studies should be done to examine individual parts of the STEM pipeline to further 

identify and specify weak points.  Very little literature is currently available which directly 

relates to the issue of African American students not attaining advanced degrees.  Some 

suggestions include further data analysis using longitudinal studies at both the state and national 

levels, as well as a personal interview approach to gauge students’ views on the subject.  Without 

further investigation and research on these topics, it is impossible to determine policy initiatives, 

which will have positive effects on the retention rates of African American students through the 

STEM pipeline. 

 

Future studies should pay close attention to their working definitions of STEM and that 

they should clearly state them in their research.  Without an unambiguous definition of STEM, it 

is difficult if not impossible to really address the achievement issues in the K-20 pipeline.  Until 

we can get everyone on the same page and discussing the same things, no recommendations can 

be acted upon and no progress can be made. 

 

In order to correct this problem of a lack of students in math intensive fields, it must be 

addressed from all levels of the educational system.  Although there is no one direct causal 

relationship that can be identified from any of the reviewed literatures or the raw data as of yet, 

we cannot wait years for these links to be identified and proven.  There must be action from all 

levels of the educational system toward improvement.  Colleges should put more consideration 

into their recruitment efforts and support programs, and K-12 teachers should be given the tools 

necessary to enrich and enhance their students’ education in math and science.  Without action 

and accountability from all those affected, this is an issue which cannot be surmounted.  It will 
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take cooperation from the entire educational society in order to improve the state of our nation’s 

most precious resources, our children. 
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