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1 

Introduction

Picture a first-generation new community college student named Josie, 
said Becky Wai-Ling Packard, professor of psychology and education at 
Mount Holyoke College, in her presentation at the summit Community 
Colleges in the Evolving STEM Education Landscape. Josie became inter-
ested in environmental issues in high school when she became aware of 
the extent to which they affected her community, so she decided to go to 
college to learn more about environmental policy.

First she had to fill out financial aid paperwork, but much of it was 
hard to decipher. She had to figure out which courses to take, but she was 
not sure about the difference between a one-year certificate and an associ-
ate’s degree, and her parents were not able to help her. She had questions 
about how much time the degree was going to take her. Given her family’s 
financial status, she could not afford any missteps.

Imagine, several years in the future, that Josie is one of the few first-
generation college students and students of color who has earned an 
associate’s degree in a science, technology, engineering, and mathematics 
(STEM) field and has transferred to a four-year university. At her new 
school, she felt lost once again. No advisor met with her. She did all of 
her scheduling online. Peer study groups had already formed. The hours 
of the academic resource center conflicted with her job. Faculty assumed 
that she was incompetent when her experiences did not align with their 
expectations. Summer research sounded like a critical experience, but it 
required 40 hours a week, and she had to work at a conventional job to 

1



Copyright © National Academy of Sciences. All rights reserved.

Community Colleges in the Evolving STEM Education Landscape:  Summary of a Summit

2 COMMUNITY COLLEGES IN THE EVOLVING STEM EDUCATION LANDSCAPE

earn money for school. Furthermore, as a transfer student, she did not 
know any professors well enough to ask for a letter of recommendation.

Many thousands of students are like Josie, said Packard—indeed, 
they are the most typical students in higher education today. The skills of 
the future workforce will depend to a critical degree on how well com-
munity colleges meet the needs of these students.

THE ROLE OF COMMUNITY COLLEGES1

Community colleges are an often overlooked but essential component 
in the U.S. STEM education system. About 1,200 community colleges in 
the United States enroll more than 8 million students annually, including 
43 percent of U.S. undergraduates (American Association of Community 
Colleges, 2011; Mullin and Phillippe, 2011). Community colleges provide 
not only general education but also many of the essential technical skills 
on which economic development and innovation are based. Almost one-
half of the Americans who receive bachelor’s degrees in science and engi-
neering attended community college at some point during their educa-
tion, and almost one-third of recipients of science or engineering master’s 
degree did so (Tsapogas, 2004). About 40 percent of the nation’s teachers, 
including teachers of science and mathematics, completed some of their 
mathematics or science courses at community colleges (Shkodriani, 2004). 
Community colleges provide professional development programs for 
teachers, offer alternative teacher certification programs for people who 
have a degree in another field, and in some states award baccalaureate 
degrees in teacher education and other disciplines. 

Community colleges provide the most diverse student body in the 
history of the United States with access to higher education. Community 
colleges serve people of color, women, older students, veterans, inter-
national students, first-generation college goers, and working parents. 
In particular, minorities who are underrepresented in STEM fields are 
disproportionately enrolled in community colleges. Fifty-two percent of 
Hispanic students, 44 percent of African American students, 55 percent of 
Native American students, and 45 percent of Asian-Pacific Islander stu-
dents attend community colleges (American Association of Community 
Colleges, 2011).

1The remainder of this chapter is based on the introductory remarks made at the sum-
mit by George Boggs, president emeritus, American Association of Community Colleges; 
Barbara Olds, acting deputy director, Directorate for Education and Human Resources, 
National Science Foundation; Jane Oates, assistant secretary, Employment Training Ad-
ministration, U.S. Department of Labor; and Toby Horn, co-director, Carnegie Academy for 
Science Education.
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Community colleges are more affordable as well as more accessible 
than four-year institutions. Average tuition and fees at a community col-
lege are about $3,000 per year, compared with an average of $8,200 per 
year for in-state four-year institutions, $21,000 per year for out-of-state 
students at state institutions, and $29,000 per year at private institutions 
(College Board, 2011). Indeed, it is this large difference between the cost of 
attending community colleges versus even the least expensive four-year 
institutions, especially during difficult economic times, that serves as an 
impetus for many more students to begin their college careers at two-year 
institutions.

Community colleges also focus on teaching in an era when teaching 
in higher education is receiving particular scrutiny and calls for account-
ability. And community colleges are becoming an increasing focus of 
educational researchers as their contributions to education—and to STEM 
education in particular—are more widely recognized.

RATIONALE FOR THE SUMMIT

Given the increasing importance of community colleges in the U.S. 
STEM education system, the National Research Council of the National 
Academies and the Carnegie Academy for Science Education of the Carn-
egie Institution for Science hosted the Summit on Community Colleges 
in the Evolving STEM Education Landscape on December 15, 2011.2 The 
event was hosted by the Carnegie Institution for Science in Washington, 
DC, with support from the National Science Foundation (NSF).

The importance of community colleges, especially in emerging areas 
of STEM and preparation of the STEM workforce, has been recognized 
for at least 20 years, e.g., through the establishment of the Advanced 
Technological Education Program at the National Science Foundation. 
However, given the attention that both community colleges and STEM 
education have received in recent years, combined with new ways of 
viewing the roles of community colleges in the nation’s education system 
(e.g., dual enrollment for high school students, bi-directional pathways 
between community colleges and four-year institutions, and pre-service 
education for teachers), a thorough re-examination of the status, prom-
ise, and opportunities of community colleges and their contributions to 
STEM education is long overdue. Community college will be essential to 
accommodate growing numbers of students, especially given the Obama 

2Planning for this summit was a collaborative effort of the Board on Higher Education 
and Workforce, the Board on Life Sciences, the Board on Science Education, and the Teacher 
Advisory Council of the National Research Council, and the Engineering Education Program 
Office of the National Academy of Engineering. 
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Administration’s goals of increasing the number of college graduates 
by 5 million over 10 years, 3 million of whom would be educated by 
community colleges. Many have ongoing relationships with local com-
munity organizations, governments, and businesses that allow them to 
respond quickly to community needs. Community colleges retrain dis-
placed workers in skills needed by local businesses and open gateways 
to individuals who would otherwise lack the preparation or financial 
resources to receive a college education. They prepare students for STEM 
occupations that require a certificate or associate’s degree as well as for 
transfer to four-year institutions. They serve as models of excellence for 
STEM education in an increasingly global economy and in educating a 
highly prepared technical workforce.

To organize the summit, a planning committee was appointed by the 
chair of the National Research Council and charged with a Statement of 
Task (see Box 1-1).

The planning committee for the summit decided to focus the event 
on three critical areas:

1. Outreach and partnerships between community colleges and four-
year institutions

2. Subjects that can serve as gateways or barriers to college completion, 
with college-level mathematics as an exemplar

3. Transfer issues for students from two-year to four-year colleges 
and universities

ORGANIZATION OF THIS REPORT

This report has been prepared by the workshop rapporteur as a fac-
tual summary of what occurred during the summit. Because the event 
was limited to one day, many topics that might have been discussed in 
the context of the summit’s goals and objectives had to be omitted. How-
ever, the summit did raise a number of important additional questions 
(see reports of general discussions as well as comments from breakout 
sessions) that deserve additional attention in future convenings and as 
part of a future research agenda. In addition, the three commissioned 
papers that are provided in Appendixes B-D provide additional research 
evidence as well as questions and suggestions from the authors of those 
papers about a series of related questions and issues. 

The planning committee’s role was limited to planning and conven-
ing the workshop. The views contained in the report are those of indi-
vidual workshop participants and do not necessarily represent the views 
of all workshop participants, the planning committee, or the National 
Research Council/Institute of Medicine.
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Because many of the issues were discussed throughout the one-day 
summit, this summary provides a narrative rather than a chronological 
overview of the presentations and the rich discussions that permeated 
the event.

After this introductory chapter, Chapter 2 examines ways to expand 
the participation of underrepresented minorities in STEM fields, while 
Chapter 3 describes a study of why students who enter college intending 
to major in a STEM field switch to other majors.

As noted above, three commissioned papers were produced before 
the summit and posted on the summit’s website prior to it.3 The main 
points drawn from these papers and the discussions they provoked are 
discussed in Chapters 4 through 6 of this report, respectively.

Boxes at the beginning of Chapters 2-6 summarize the important 
points made in those chapters, and these boxes could be read as a quick 

3The website is available at http://nas-sites.org/communitycollegessummit/. 

BOX 1-1 
Committee Statement of Task

An ad hoc committee will plan and conduct a summit that will feature invited 
presentations and discussions on science, technology, engineering, and math-
ematics (STEM) education in two-year higher education institutions and how the 
changing dynamics between two-year and four-year institutions of higher educa-
tion might offer new educational opportunities for students, institutions, and the 
nation’s workforce. The summit will include leaders from community colleges, four-
year postsecondary institutions, business and industry, and state and federal poli-
cymakers, and researchers with expertise in community colleges, student learning, 
and teaching. The summit will allow these stakeholders to engage in discussions 
of critical issues in two-year and four-year STEM education. Experts will be com-
missioned to summarize the evidence available in several commissioned papers, 
which will be available prior to the planning meeting and summit. The presentations 
and discussions from the summit will be synthesized in an individually authored 
workshop summary.

The project will commence with a planning meeting in spring of 2011 to plan 
the summit and to discuss how program units of the National Academies, both 
individually and collectively, can best contribute to federal initiatives on community 
colleges in the future. 

This activity will be conducted as a collaboration among the Board on Higher 
Education and Workforce, the Board on Life Sciences, the Board on Science 
Education, and the Teacher Advisory Council of the National Research Coun-
cil, and the Engineering Education Program Office of the National Academy of 
Engineering.
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introduction to the discussions summarized in Chapter 7. Chapter 7 of 
this report gathers comments made by summit participants on a variety 
of issues affecting the future of community colleges. 

BUILDING ON THE INTEREST IN COMMUNITY COLLEGES

A meeting planned for 60 to 75 participants quickly grew to more 
than 100. In addition, more than 150 people registered to watch a webcast 

Ongoing Initiatives

Many organizations have become interested in the role of community colleges 
in the U.S. education system, including the Business Higher Education Forum, the 
Association of American Universities, the Association of Public and Land Grant 
Universities, the Association of American Colleges and Universities, the Howard 
Hughes Medical Institute, the Lumina Foundation, the Gates Foundation, and the 
College Board, all of which sent representatives to the summit. In addition, numer-
ous federal agencies, and divisions within federal agencies, are supporting initia-
tives in community colleges. For example, the Advanced Technology Education 
Program at NSF has made a strong and long-standing contribution to community 
colleges. Other programs at NSF, both in the Education and Human Resources 
directorate and in other directorates, also fund community college work, facilitate 
transitions for students among educational institutions, and support research in-
volving community colleges.

At the summit, Jane Oates, assistant secretary of the Employment Training 
Administration at the U.S. Department of Labor, described the department’s inter-
est in community colleges. The Department of Labor has a particular concern 
with students who did not make it through high school and with adults who need 
to go back to school because they have lost employment. Many people who walk 
onto a community college campus would not feel comfortable going to a four-year 
public or private college, said Oates. They may be people who have worked in a 
single industry like the auto industry or general manufacturing for many years, no 
longer have a job, and are eligible for training. “The people I work with every day 
need a job as soon as possible, and they need a job where they can continue their 
education on a career pathway,” said Oates.

Before 2009, the Department of Labor did not insist that the training it funded 
lead to an industry-recognized credential or a pathway to a degree. The depart-
ment also limited community colleges’ use of federal funds for equipment, though 
equipment is essential in many educational fields. Finally, the department did not 
require rigorous evaluations.

Beginning in 2009, the department has been addressing those weaknesses, 
said Oates. Under the Trade Adjustment Assistance Community College and Ca-
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reer Training Grant Program,a it has begun awarding what will be a total of $4 bil-
lion over two years to help prepare students for successful careers in growing and 
emerging industries. It also began rigorous evaluation of grants and formula funds. 
In the first round of capacity-building grants, consortia of institutions received about 
60 percent of the $500 million distributed in 2011. These consortia mostly formed 
around needs of particular sectors such as advanced manufacturing, healthcare, 
and engineering. They not only developed new curricula based on the needs of 
employers but looked at new methods of delivering educational content, such as 
online learning. Community colleges have not been in the forefront of online edu-
cational innovations, said Oates, but they are the point of entry for many people 
who could benefit from such learning.

The Department of Labor has been supporting the development of other elec-
tronic tools. A web-based tool called My Skills My Future,b which received more 
than 2.5 million hits over 14 months, allows people to see jobs that are currently 
available. Similarly, a tool called My Next Movec allows dislocated workers to 
search by zip code for jobs that they have held before in their local area or to match 
jobs with additional skills that they have. My Next Move for Veteransd allows ex-
military personnel to crosswalk their military job codes with civilian job titles. All of 
these sites draw heavily on the Labor Department’s partnerships with community 
colleges to find matches with education and with jobs.

Finally, the Workforce Innovation Fund,e in partnership with the U.S. Depart-
ment of Education, is highlighting the innovations and partnerships between the 
workforce and community colleges. “The time is right for us to talk about the rigor 
and the wonder and the innovation that are going on in community colleges,” said 
Oates. “We have for too long seen them as a stepchild, and they can do amazing 
things.”

aFor additional information, see http://www.doleta.gov/taaccct/.
bAvailable at http://www.myskillsmyfuture.org/.
cAvailable at http://www.mynextmove.org/.
dAvailable at http://www.mynextmove.org/vets/.
eAvailable at http://www.doleta.gov/workforce_innovation/.

of the meeting.4 Attendees included representatives of the White House 
Office of Science and Technology Policy, NSF, the U.S. Department of 
Education, the U.S. Department of Labor, state education agencies, pri-
vate foundations, businesses, higher education organizations, faculty and 
administrators from two-year and four-year colleges and universities, 
several students from local community colleges, and K-12 teachers. It was 
a diverse, energetic, and enthusiastic group.

4Video archives of the presentations are available through a link on the summit’s website 
(see http://nas-sites.org/communitycollegessummit/).
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Responses to a Pre-Summit Survey:  
Challenges in STEM Education and Careers

As part of the registration process to attend the National Academies’ Summit 
on Community Colleges in an Evolving STEM Education Landscape, invited par-
ticipants were asked two questions:

1.  What is the greatest challenge or issue you are facing in your work on two-
year or four-year STEM education and careers? 

2.  What is the one big idea or insight you have about increasing the potential 
of community colleges in STEM education and careers that you will bring 
to the summit?

Participants’ big ideas and insights are summarized in Chapter 7. The chal-
lenges or issues they listed most frequently are the following:

1.  Overcoming students’ inadequate academic preparation for STEM study. 
Students interested in pursuing a STEM career often begin their two-year or 
four-year study with too little preparation in mathematics, reasoning, and criti-
cal thinking to succeed. Extra coursework is required for remediation, which 
lengthens the time for earning a degree and slows academic progress. As a 
result, students become discouraged from pursuing a STEM career and either 
change the focus of their studies or fail to complete their degree.

2.  Recruiting and retaining students in STEM education. Outreach, inspiring 
students to pursue a STEM career, and then helping them overcome barriers 
along the way, all pose significant challenges. This is especially true for women 
and minorities.

The National Academies have served as an interactive forum for 
people who should be talking with each other but do not often have 
opportunities to do so. In this regard, the summit was a great success. 
Participants listened to each other, reflected on new ideas and insights, 
learned about pressing issues, and thought about how those issues affect 
their own domains. As George Boggs, former president of the American 
Association of Community Colleges, a member of the NRC’s Board on 
Science Education, and the chair of the summit organizing committee, 
said in his concluding remarks, “This summit is the start of something 
that will be beneficial for all of our institutions, for our students, and for 
the country.”
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3.  Creating and sustaining effective partnerships between two-year and 
four-year institutions. Although individual two-year and four-year institutions 
in some regions and states have forged effective STEM education partnerships, 
these partnerships could be much more widely implemented and reflected 
in state and local policies. In particular, four-year institutions need to have a 
greater appreciation for the kinds of modern approaches and subject matter in 
STEM education that are offered at two-year colleges. Partnerships are needed 
to address such issues as curriculum and other program alignment issues, 
getting staff and faculty at both institutions on board with student needs and 
program requirements, and providing course and program articulation poli-
cies and practices between two-year and four-year institutions. Partnerships 
are also essential in developing pathways from a technical degree into a full 
baccalaureate, especially if some time has passed since the student has com-
pleted an associate’s degree. In general, transfer and articulation policies and 
practices are frequently mentioned barriers to retention in STEM education.

4.   Finding the resources to support and sustain STEM education program 
improvement. There is a universal lack of time and dependable, sustainable 
resources to support the necessary STEM education collaborations and pro-
gram improvement initiatives. Furthermore, the weak economy has had a major 
impact on those efforts. Both two-year and four-year institutions struggle with 
the high cost of laboratory facilities. In addition, community colleges have dif-
ficulty in obtaining and managing external funding.

5.   Aligning STEM education with workforce demands and practices. The 
academic and corporate agendas for STEM education that enable students 
to advance from two-year to four-year degrees in these fields and the need to 
offer programs that propel students toward specific careers in STEM are not 
always well aligned. In general, the dual role of community colleges to educate 
students for careers and matriculation in four-year programs is a continuing 
tension for community colleges. 
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The White House Summit

The administration of President Barack Obama has devoted considerable at-
tention to community colleges. As part of his call to increase college enrollments 
and completion among young people, the President has asked community col-
leges to increase the number of graduates and program completers by five million 
students over a 10-year period, representing a 50 percent increase over current 
numbers.

In October 2010, the Obama Administration held a summit on community col-
leges at the White House organized by Jill Biden, the wife of Vice President Joseph 
Biden and an adjunct professor of English at Northern Virginia Community College. 
At that summit, President Obama called community colleges the “unsung heroes” 
of American education and emphasized the critical role they play in sustaining the 
nation’s competitiveness. He pointed out that in the coming years jobs requiring 
at least an associate’s degree are projected to increase twice as fast as those 
requiring no college experience. “We will not fill those jobs—or keep those jobs on 
our shores—without community colleges,” the President said (White House, 2011).
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Expanding Minority Participation in 
Undergraduate STEM Education

Important Points Made by the Speaker

•	 	Community colleges need to be integrally involved in a comprehensive, 
coordinated, and sustained effort to increase the participation of under-
represented minorities in STEM education and careers.

•	 	Increasing the completion rate of underrepresented minorities in STEM 
majors requires a combination of strong academic, social, and financial 
support.

•	 	To increase the number of U.S. students who earn degrees in STEM fields, 
all institutions of higher education must work to create a culture in which it 
is “cool to be smart.”

The demographics of the U.S. population are undergoing a dramatic 
shift, observed Freeman Hrabowski, president of the University of Mary-
land, Baltimore County (UMBC), in his keynote speech at the summit. 
Minority groups underrepresented in STEM fields soon will make up 
the majority of school-age children in the United States (Frey, 2012). To 
maintain the strength and vitality of science and technology in the United 
States, many more of these minority children must not only decide to 
become scientists and engineers but succeed in educational pathways that 
allow them to do so. Given the overrepresentation of minority students 
in community colleges, community colleges will be critical in achieving 
this goal.

Drawing from the recent report of a committee that he chaired 

11
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(National Academy of Sciences, National Academy of Engineering, and 
Institute of Medicine, 2011), Hrabowski pointed out that the proportion of 
underrepresented minorities in the natural sciences and engineering was 
less than a third of their share of the overall population in 2006 (National 
Science Foundation, 2011). In other words, the proportion of underrep-
resented minorities in science and engineering would need to triple to 
match their representation in the overall U.S. population.

This underrepresentation of minorities in the science and engineering 
workforce stems from the underproduction of minorities in science and 
engineering at every level of the pathways from elementary school to 
higher education and the workplace. Though underrepresented minori-
ties now account for almost 40 percent of K-12 students in the United 
States, they earn only 27 percent of the associate’s degrees from com-
munity colleges, only 17 percent of the bachelor’s degrees in the natural 
sciences and engineering, and only 6.6 percent of the doctorates in those 
fields.

President Obama has called on the United States to increase its post-
secondary completion rate from 39 percent to 58–60 percent by the year 
2020.1 The challenge in doing so is greatest for minorities who are under-
represented in science and engineering. According to 2006 data, of Ameri-
cans aged 25 to 34, only about one quarter of African Americans, Native 
Americans, and Pacific Islanders had earned at least an associate’s degree, 
and fewer than one in five Hispanics had reached this educational level.

In 2000, the United States ranked 20th in the world in the percent-
age of 24-year-olds who had earned a first college degree in the natural 
sciences and engineering, Hrabowski noted. The report Rising Above the 
Gathering Storm (National Academy of Sciences, National Academy of 
Engineering, and Institute of Medicine, 2007) called on the United States 
to raise the percentage of 24-year-olds with a first degree in the natural 
sciences and engineering from 6 percent to 10 percent. This would require 
a tripling, quadrupling, or quintupling of the percentages for under-
represented minorities, which are 2.7 percent for African Americans, 3.3 
percent for Native Americans, and 2.2 percent for Latinos.

INTENTIONS AND COMPLETIONS

Since the 1980s, underrepresented minorities have aspired to major 
in science and engineering at about the same proportions as their white 
and Asian American peers, Hrabowski observed. Yet they complete STEM 
degrees in lower proportions than whites and Asian Americans. Five 

1For additional information, see http://www.whitehouse.gov/sites/default/files/
completion_state_by_state.pdf.
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years after matriculating, only about 20 percent of underrepresented 
minorities who intended to earn a STEM degree have done so. Surpris-
ingly, only about one-third of whites and slightly more than 40 percent of 
Asian Americans earn STEM degrees within five years.

Hrabowski ascribed part of this attrition to the culture of science and 
engineering in college. A large part of the problem is the “weed-out” 
mentality still held by many college faculty in these subjects, he said. 
When students have difficulties with their initial classes, they are more 
likely to be encouraged to transfer to another major than to receive help in 
overcoming those difficulties. Hrabowski recounted talking to the direc-
tors of the institutes at the National Institutes of Health (NIH) and say-
ing that he had many friends who started in science or engineering and 
became great lawyers. “Everybody laughed, but afterwards the General 
Counsel of NIH came to me and said, ‘You just told my story. I went to 
one of the Ivies. I started off in science. I had the best of test scores, the 
best of grades. I got wiped out in the first year and I changed to pre-law.’ 
It happens all the time.” Not only do such experiences lead to fewer stu-
dents of all races majoring in science or engineering, but also they affect 
attitudes in general toward the subjects. He said, “You have to ask, how 
could Americans really love science or math . . . if they started off and 
[ended] getting wiped out? There is a negativity. When I ask audiences, 
‘How many of you love to read?’ everybody raises their hand. Then I ask, 
‘How many of you love math?’ and people start to laugh.”

POLICY INITIATIVES

The problem is urgent, Hrabowski said. A national effort to address 
underrepresented minority participation and success in STEM fields 
needs to be initiated and sustained. This effort must focus on all seg-
ments of the pathways, all stakeholders, and the potential of all programs, 
whether targeted at underrepresented minorities or at all students. Stu-
dents who have had less exposure to STEM and to postsecondary educa-
tion than others require more intensive efforts at each level to provide 
adequate preparation, financial support, mentoring, social integration, 
and professional development. Evaluations of STEM programs, along 
with increased research on the many dimensions of underrepresented 
minorities’ experiences, are needed to ensure that programs are well 
informed, well designed, and successful.

The NRC committee that Hrabowski chaired made recommenda-
tions in Expanding Underrepresented Minority Participation: America’s 
Science and Technology Talent at the Crossroads (National Academy of 
Sciences, National Academy of Engineering, and Institute of Medicine, 
2011) at the preschool through grade 12 level in the areas of early readi-
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ness, mathematics and science instruction, and teacher preparation and 
retention. At the summit, however, Hrabowski focused his comments 
on the postsecondary level. Underrepresented students need improved 
access to postsecondary education and technical training. They need 
more awareness of and motivation to pursue STEM education and 
careers. They also need adequate financial support. “It is impossible 
for a student to do well in biochemistry while working 25 hours on the 
outside,” said Hrabowski. “When you are doing all of that work on the 
outside, it is almost impossible to succeed in science.”

Colleges and universities need to institute reforms to increase the 
inclusiveness and success of underrepresented students in STEM fields. 
Colleges have a tendency to say that the problem is at the K-12 level, but 
Hrabowski disagreed. He said K-12 education does need to be strength-
ened, but more students are better prepared than many faculty and admin-
istrators at colleges and universities think. According to Sylvia Hurtado, 
who directs the Higher Education Research Institute at the University 
of California, Los Angeles, and was on the NRC committee Hrabowski 
chaired, the larger the number of Advanced Placement credits a student 
has taken, the higher the SAT, and the more selective the university, the 
greater the probability the student will leave science as an undergraduate, 
noting “It is not just a matter of preparation.” When college presidents 
point out to Hrabowski that most of the underrepresented students inter-
ested in science and engineering leave these majors, he responds that the 
majority of white and Asian American students do, too.

The NRC (2011) committee recommended increasing the completion 
rate of underrepresented students by providing strong academic, social, 
and financial support. This support should come from programs that 
simultaneously integrate academic, social, and professional development. 
Programs also are needed that facilitate the transition from undergraduate 
to graduate education and provide support for graduate students.

THE CHALLENGE FOR TWO-YEAR INSTITUTIONS

Hrabowski cited several challenges that are particularly acute for 
community colleges. Inadequate levels of mathematical preparation are 
a problem for almost all colleges and universities, but it is an especially 
difficult problem at community colleges. (This issue is the subject of 
Chapter 5.) Community colleges also need to balance the tasks of prepar-
ing students for further study at four-year colleges and graduate schools 
along with preparation resulting in two-year degrees and other certifi-
cates for the technical workforce. To facilitate and increase the transfer of 
underrepresented students in STEM to four-year institutions, increased 
emphasis and support are needed for articulation agreements, summer 
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bridge programs, mentoring, academic and career counseling, peer sup-
port, tutoring, social integration activities, study groups, undergraduate 
research, and tracking of student progress. (Transfer issues are discussed 
in Chapter 6.)

Several federal programs facilitate the transfer of underrepresented 
minorities from community colleges to four-year institutions, Hrabowski 
noted, such as the Bridges to the Baccalaureate2 Program and the Commu-
nity College Summer Enrichment Program at NIH.3 Community colleges 
also have mounted such promising initiatives as Miami Dade College’s 
Windows of Opportunity Program,4 which helps academically promis-
ing, low-income students in obtaining associate’s degrees in the arts or 
in STEM disciplines. Strategies that promote transfer include grants that 
allow community college students to work less outside of their academic 
programs and complete their associate’s degrees in three years and then 
successfully transfer to complete their four-year degrees.

The Gates Foundation is supporting research in the state of Maryland 
to track students who have been majoring in science and pre-engineering 
areas and look at what happens to them when they come to four-year 
institutions. The underlying objective is to get faculty at different institu-
tions to talk honestly and openly about how work at one level is related 
to work at the next level. Even if courses have the same name, they may 
not be at the same level, so students who transfer to a four-year college are 
not as prepared as they need to be, Hrabowski stated. The initiative also 
gives faculty at the four-year institutions a better idea of the challenges 
that community colleges are facing.5

Finally, Hrabowski emphasized the potential for internships to moti-
vate students and prepare them for careers. “When students have intern-
ships . . . and see the connection between their academic work and what is 
going on in a company, they get even more excited,” he said. Internships 
make students more serious about their work. The needs of industry can 
be infused into the curriculum, especially when people from business are 
involved in developing or teaching the courses. Students learn how to 
work in teams, express themselves clearly, and gain other 21st century 

2Additional information is available at http://www.nigms.nih.gov/Research/Mechanisms/ 
BridgesBaccalaureate.htm. 

3Additional information is available at https://www.training.nih.gov/ccsep_home_page. 
4Additional information is available at http://www.toolsforsuccess.org/#SlideFrame_1. 
5A website for this program was not available at the time that this report was pre-

pared. Additional information about this program is currently available as a downloadable 
PowerPoint presentation titled “A Shared Responsibility: Creating a t-STEM Friendly Multi-
Campus Community (T-STEM Cross-Campus Collaboration Team, UMBC)” at http://
transferinstitute.unt.edu/content/10th-annual-conference-national-institute-study-transfer-
students. 
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skills6 that they can use in the workplace (e.g., National Research Council, 
2010). In the area of cybersecurity, to cite just one example, Hrabowski 
noted that the majority of students who have internships go to work full 
time for the same companies once they graduate. “It is amazing how 
much more students will do when they get connected to the company 
early.”

PROGRAMS AT UMBC

Hrabowski mentioned several programs at UMBC, which is nation-
ally recognized for its Meyerhoff Scholars Program,7 that involve com-
munity colleges. For example, UMBC has a Chemistry Discovery Center8 
that is working with community colleges with an emphasis on group 
work, use of technology, collaboration, and professional development for 
faculty. The key, said Hrabowski, is to involve people in an activity that 
they see as exciting. “That is the thing about my campus,” he said. “We 
are seeing amazing results for students of all races where the emphasis is 
on student engagement and on empowering students.”

UMBC has memoranda of understanding with four community col-
leges in Maryland, which enable both students and faculty to move back 
and forth among the institutions, and similar arrangements could be 
made at many four-year and two-year colleges. The Gates grant is also 
producing more communication and movement among institutions.

UMBC has contacts with many companies in such areas as biotech-
nology, computer security, defense, and environmental protection that 
are very interested in hiring students not just at the PhD level but at the 
four-year and two-year levels as well. High school counselors, families, 
and students all need to know about these options, which provide what 
Hrabowski called “great jobs, good-paying jobs,” and about how to take 
advantage of them.

UMBC enrolls students from 150 countries, and those international 
students are hungry for knowledge. Having them on campus makes the 
U.S. students focus and push harder, according to Hrabowski. Through-

6NRC (2010, p. 3) lists as “21st century skills” adaptability, complex communication/social 
skills, non-routine problem solving, self-management and self-development, and systems 
thinking. NRC (2011, p. 1) further refines this list to include “… being able to solve complex 
problems, to think critically about tasks, to effectively, communicate with people from a va-
riety of different cultures and using a variety of different techniques, to work in collaboration 
with others, to adapt to rapidly changing environments and conditions for performing tasks, 
to effectively manage one’s work, and to acquire new skills and information on one’s own.” 

7Additional information is available at http://www.umbc.edu/meyerhoff/.
8Additional information is available at http://www.umbc.edu/chem/facilities/discovery.

html.
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out the 20th century, many of the best figures in science and engineering 
had parents who came from other countries. Today, the majority of black 
students on Ivy League campuses have parents from another country. “It 
has everything to do with the hunger for the knowledge,” Hrabowski 
said. “You have to work really hard.”

DISCUSSION

During the discussion period, Hrabowski remarked on some of the 
factors behind the success of the Meyerhoff Program, which is the national 
leader in producing African American graduates at a predominantly 
white school who go on to complete their PhD in science and engineer-
ing, with 12 to 15 of these graduates typically earning a STEM PhD each 
year. The program has created a culture where it is “cool to be smart,” 
Hrabowski said. Multiple academic and social connections link students 
to each other, to faculty members, and to community members. Students 
are engaged in projects rather than just sitting in lectures, which has 
required that courses be redesigned. Students are connected with com-
panies through classroom projects and internships to show them what it 
takes to get a good job. Graduates who get these jobs in turn come back 
and talk with students. Recent graduates and current students know bet-
ter than anyone else how to get more students involved.

Hrabowski has written books on raising smart black children 
(Hrabowski et al., 2002; Hrabowski, Maton, and Greif, 1998), and he 
emphasized what parents in successful families do: work with their chil-
dren to develop their reading, thinking, and studying skills. Succeeding 
in mathematics or science is not always fun, and he emphasized, “Hard 
work is hard work. We have to get students engaged in the work.”

Hrabowski also noted during the discussion session that completion 
of degree programs is a problem at community colleges. “Anybody from 
a community college knows what I am saying. Most of the kids who start 
off saying they want something at a two-year college do not finish the 
program,” he said. NSF should support an effort to assess what percent-
age of community college students who start in STEM programs finish 
them, Hrabowski urged.

Faculty and staff involvement is critical. Many faculty are not familiar 
with the data regarding contributors to student performance. In making 
decisions about education, they tend to rely on anecdotal or impression-
istic information, according to Hrabowski. Effective interventions require 
that actions be based on data.

Summit participant Rebecca Hartzler, now at the Carnegie Founda-
tion for the Advancement of Teaching, pointed out that the numbers of 
women and underrepresented minorities in some fields might need to 
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increase by an order of magnitude for representation to be proportional. 
She was the first tenured woman in physics in community colleges in 
Washington State, and there may now be two more. “We don’t want three 
physics faculty in 34 community colleges in Washington State,” she said. 
“We want 30 women teaching physics in Washington State. We [need] 
much larger ambitions.”
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The Loss of Students from STEM Majors

Important Points Made by the Speaker

•	 	More than half of students who intend to major in a science or engineering 
field switch to a different major in college, and this percentage is even higher 
for community college students.

•	 	Students who take fewer STEM classes their first semester are more likely 
to switch from STEM majors.

•	 	The culture of STEM education and potential earnings in the workplace ap-
pear to be significant factors in students’ decisions to remain in or abandon 
STEM majors.

Students who intend to work as scientists, technicians, engineers, 
or mathematicians typically choose to major in a STEM field in college. 
Study of the choices students make regarding majors both before and dur-
ing college therefore can reveal important information about the future 
U.S. workforce.

Eric Bettinger, associate professor for education and economics at 
Stanford University, has used data from Ohio to analyze students’ choices 
of majors and how those decisions change over the course of a two-year 
and four-year education (Bettinger, 2010). His data are from the 1998–1999 
cohort of incoming students, which allowed him to follow their choices 
in subsequent years, and the data focus solely on students who took the 
ACT exam, which is the exam taken by most college-bound students in 
Ohio. Students who take that exam indicate the major they would like to 
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pursue, and the exam results allow high-ability students to be identified 
and analyzed separately.

In a total sample of 18,000 students, 8.0 percent and 11.7 percent indi-
cated an interest in the biological or physical sciences and engineering, 
respectively. Bettinger found, in an analysis conducted for the summit, 
that these numbers were somewhat lower for the students who attended 
two-year colleges—5.5 percent and 9.4 percent. In contrast, the percent-
ages were higher for students with high ACT scores (above 24)—11.7 per-
cent and 18.0 percent. The students at two-year institutions had somewhat 
lower average ACT scores than the average for all students, but in broad 
terms their aspirations and characteristics were similar, Bettinger said.

STUDENTS WHO LEAVE AND ENTER STEM MAJORS

A “depressing” number of students abandon STEM majors, Bettinger 
observed. Among all students who declared an intention to pursue a 
STEM major, only 43 percent were still in a STEM field at the time of their 
last enrollment, with the rest moving to other majors by the time of their 
last enrollment.

The numbers were far worse for two-year students. Only 14 percent 
of the students at two-year colleges who intended to major in a STEM 
field when they took the ACT exam were still in a STEM field at the time 
of their last enrollment. “This defection rate is extremely high,” said 
Bettinger.

Almost one-half of all students who leave STEM majors switch to 
business majors (48.7%). Other popular majors for students who switch 
are the social sciences (21.2%) and education (11.1%). Among two-year 
switchers, about 30 percent switch to business majors, and slightly less 
than one-quarter each go to social science and education majors.

Meanwhile, very few students who did not intend to major in a STEM 
subject converted to a STEM major. Only 5.5 percent of STEM majors for 
students at all institutions, and only 3.4 percent for two-year students, 
were converts to STEM from a non-STEM major.

WHY DO STUDENTS LEAVE STEM MAJORS?

Bettinger listed five possible reasons for the relative lack of U.S. stu-
dents pursuing STEM majors in two-year and four-year institutions:

1. At the end of secondary school, few are prepared to enter STEM 
fields.

2. Few express initial interest in entering STEM fields.
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3. Once students are off the STEM pathway, they cannot get back on 
it.

4. The culture of STEM fields is off-putting once higher education is 
reached.

5. The returns are insufficiently high to justify greater adherence to 
STEM fields.

He noted that his data are best suited to explore the last three of 
these explanations. Students started switching away from STEM majors 
in their very first semester, and the students most likely to leave STEM 
majors were the ones who took fewer STEM courses their first semester 
rather than more courses. Students who took more than 40 percent of 
their courses in STEM their first semester were much less likely to leave 
the major than students who took less than 40 percent of their courses in 
STEM fields. This observation holds for students in four-year colleges, 
students in two-year colleges, and high-ability students.

The relatively small number of students who converted to STEM 
majors also took relatively few STEM courses their first semester. This 
piece of evidence is “suggestive,” said Bettinger, that there might be some 
way of getting more non-STEM majors interested in those subjects—for 
example, by examining more closely the structure and conduct of intro-
ductory courses in STEM. However, STEM majors have extensive course 
requirements, and many courses typically must be taken in a particular 
order (that is, they have extensive prerequisites compared with other dis-
ciplines), which can make it difficult to switch into these majors.

The students who left STEM were just as likely to pass their initial 
STEM courses, so the difficulty of the courses did not seem to be the 
deciding factor. But the course demands of STEM majors are high and 
require commitment—even though, as Bettinger observed, some of the 
majors to which students switch, such as education, also have extensive 
course requirements, even if they are not as sequential as those for STEM 
majors.

THE CULTURE OF STEM FIELDS

Bettinger’s data also show that women were significantly less likely 
to stay in STEM fields, even among the top students, which suggests that 
the culture of STEM might have been a factor in their decisions. However, 
since the female students took STEM courses in high school and still 
expressed an interest in majoring in those subjects, the cultural problems 
would need to start or intensify in college for this explanation to hold.

According to Bettinger’s research, black students in four-year colleges 
were less likely to defect from STEM majors than other students, espe-
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cially among the top black students. However, that was not true at two-
year colleges, where there were no statistical differences between black 
students and other students. Bettinger did not analyze the differences in 
these indicators between men and women or between domestic and inter-
national students, though both of these factors could influence the results.

EARNINGS FROM MAJORS

One factor in students’ decisions about majors is the amount of money 
they potentially could earn after graduation. About three-quarters of col-
lege students respond in surveys that an important objective of a college 
education is to be “well off financially” (Pryor et al., 2011), and colleges 
have an increased focus on vocational offerings, particularly at two-year 
colleges.

The data suggest that students who switch to a non-STEM major 
could have been making a calculated decision about where the financial 
return to a major might be higher than with a STEM major, Bettinger 
said. For example, women’s earnings in business and in other fields were 
higher than they were in STEM fields at the time these data were gath-
ered, though men’s earnings in STEM fields, business, and the social sci-
ences were roughly the same.

High average earnings indicate similarly high levels of demand for 
workers, and superstar earnings indicate a demand for a large pool of 
professionals to produce a small number of superstars. For example, 
computer science, which is a field with obvious earnings growth and 
superstar earnings, was experiencing a substantial growth in majors at 
the time the data were gathered, Bettinger noted.

DISCUSSION

During one of the discussion periods at the summit, Catherine Didion 
from the National Academy of Engineering pointed out that underrepre-
sented students and women are interested in giving back to their com-
munities but often do not see STEM fields as occupations that enable them 
to do so. Additional investigations could indicate why so many of these 
students switch into non-STEM fields.

Martha Kanter, under secretary at the U.S. Department of Educa-
tion, emphasized the importance of mentors and advisers in keeping 
students on track. Many students take courses they do not need, or they 
have unclear pathways. Students need sophisticated and knowledgeable 
advice. “Students get lost in the system,” said Kanter. “We have to use 
technology and people to keep them in the system and keep them highly 
motivated to succeed.”
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4

Outreach, Recruitment, and Mentoring

Important Points Made by the Speaker

•	 	Many students lack the information they need to succeed in community 
college, especially if they are interested in pursuing a STEM degree.

•	 	Students need to be exposed to STEM occupations and learn what they 
need to do to qualify for those occupations.

•	 	Hands-on programs designed to recruit students into STEM fields need to 
be paired with academic preparation.

•	 	Grants to colleges that require undergraduate mentoring plans could give 
more students the information they need to persist in STEM education.

AN ECOLOGICAL MODEL

In summarizing the main messages of the background paper she pre-
pared for the summit (see Appendix B), Becky Packard of Mount Holyoke 
College used an “ecological model” that examines the many environmen-
tal factors and the relationships among those factors that affect students’ 
choices. Students like Josie, described at the beginning of Chapter 1 of this 
report, are influenced by the home, the school, the workplace, and other 
contexts. Their access to resources, transportation, financial aid, and child 
care informs their choices. Many students, including first-generation and 
low-income students, do not gain the knowledge they need to navigate 
the college application and enrollment process successfully. Financial con-
siderations can be and often are a significant barrier to college entrance 
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and persistence. And students often lack information on transfer require-
ments and what they are likely to experience if they do transfer.

When students gain mentoring from multiple contexts, they are more 
likely not only to persist in college but to do so in a STEM major, said 
Packard. “We have a pretty good idea of what we should be investing 
in,” she said.

OUTREACH

Packard highlighted several of the recommendations from her back-
ground paper as particularly important to the summit.

First, more students and families need to understand the difference 
between a technical degree from a career institute and the community 
college transfer pathway to a four-year STEM degree. They also need to 
know much more about the STEM careers that are available. Students 
should be exposed to STEM occupations and learn what they need to do 
to qualify for those occupations.

Excellent models already exist, Packard observed. Statewide and 
nationwide, programs have developed coordinated approaches to out-
reach so that messages from high schools, community colleges, and four-
year institutions are reinforcing. The Advanced Technology Education 
centers funded by the National Science Foundation (NSF)1 and other 
programs to broaden participation also have outreach programs in place.

RECRUITMENT

In the area of recruitment, any hands-on program designed to attract 
students into STEM needs to be paired with academic preparation. Specif-
ically, Packard suggested an expansion in STEM-specific dual-enrollment 
programs with community colleges or universities while students are 
in high school in addition to more common outreach and recruitment 
strategies such as summer enrichment programs. “Summer enrichment 
programs can enhance interest or get students to take a first course,” said 
Packard, “but greater academic preparation makes it realistic for them to 
continue going forward.”

Both honors students and struggling students can benefit from 
dual-enrollment courses because taking college classes during high 
school can motivate students to continue their education. In addition, 
high school students should be able to count their college classes for a 

1Additional information is available at http://www.nsf.gov/pubs/2011/nsf11692/
nsf11692.htm and http://atecenters.org. 
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high school requirement, which would allow students with lower grade 
point averages to take advantage of dual-enrollment classes.

Packard also called attention to the deterrent posed by developmental 
mathematics, which is discussed in the next chapter. Experiential pro-
grams and dual-enrollment classes that target academic mathematics 
requirements could recruit students into STEM fields and give them a 
realistic chance of persisting.

MENTORING

Research on mentoring is robust, sophisticated, and rigorous, Packard 
noted. Most of the newer studies are comparative, longitudinal, or control 
for self-selection issues. However, more research is needed on how to 
create more effective mentoring programs and bring effective mentoring 
programs to scale (references are provided in Appendix B).

Packard also recommended that grants require undergraduate men-
toring plans. NSF has such a requirement for postdoctoral researchers, 
and there is no reason why this provision could not be extended to under-
graduate students, she said.

Finally, she said, informal mentoring and advising need to be infused 
by faculty into all courses. Mentoring cannot be done through supplemen-
tal programs alone.

PRODUCTIVE INVESTMENTS

The American Institutes for Research has estimated that more than 
$4 billion in grants and state allocations are lost when new, full-time 
community college students do not return for a second year of study 
(Schneider, 2011). According to the report in which this estimate appeared, 
said Packard, “The only thing more expensive than fixing retention in 
community college is not fixing it.”

Packard was part of the first generation in her family to complete a 
four-year degree. A summer research experience motivated her to get a 
PhD, which led to research support from NSF and a Presidential Early 
Career Award for Scientists and Engineers. “Every single day I am grate-
ful for the professor mentor who got me into a carpool and was flexible 
enough so that I could work my other two jobs,” she said. Yet the chal-
lenges that she faced pale in comparison to those faced by many students 
who are trying to navigate the community college transfer pathway. “Stu-
dents are not just data sources to me,” she said. “I am deeply troubled by 
the struggles that students face when trying to navigate these pathways 
to four-year STEM degrees.”
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DISCUSSION

In response to a question from George Boggs about orientation for 
transfer students, Packard said that some institutions have done a good 
job, though they are still the exceptions. Furthermore, she emphasized 
that transfer students should receive not just orientation but discipline-
specific orientation. Students need more than just a general acclimation to 
a college. They need to know what they missed in their education com-
pared with better-prepared students so that they are not lost when pre-
existing knowledge is taken for granted. University administrators and 
faculty members need to put themselves in the shoes of transfer students 
and ask how they would fare. “It is a huge eye opener,” Packard said. “It 
is not just that the students are unintelligent.”

Linnea Fletcher from Austin Community College, who was a mem-
ber of the organizing committee, said that as soon as she was away from 
community colleges for several years as a rotator at NSF, she started to 
forget what it is like to be a student at a community college. “As soon as 
you lose that perspective, you no longer can connect with those students 
and understand what their lives are like,” she said. For example, Fletcher 
pointed out that scholarships requiring students to take a full load and 

Collective Observations from a Breakout Group on Outreach

From the breakout discussion on outreach issues, participants reported to all 
Summit attendees on three main messages: 

First, mentoring and role modeling could be expanded to encompass col-
leagues and partners in business and industry. For example, professionals, es-
pecially those with backgrounds and experiences similar to those of their student 
audiences, might visit high schools and help inspire students to pursue STEM 
careers. Students who are more knowledgeable about what they can do with STEM 
skills can then work with advisors to develop plans for developing those skills.

Second, both students and faculty would benefit from more accurate and hon-
est information about educational pathways. Such information could be dissemi-
nated more strategically and systematically. The same information could then be 
disseminated to students at both four-year institutions and community colleges so 
that they do not receive conflicting advice.

Third, more research is needed to validate existing programs, and the results 
of this research need to be communicated, especially to business and industry. 
Community colleges remain a well-kept secret in many communities. They may 
communicate well among themselves, but they do not always communicate well 
with the rest of the world. For example, it could be helpful for congressional policy 
makers to understand what the lives of community college students are like so 
that legislation and appropriations might be better tailored to their lives and needs.
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not work are unrealistic for many students at community colleges, such 
as students with families. All levels of education must consider what it 
takes to make education work for their students, Fletcher said. In addi-
tion, Judy Miner from Foothill College, who was also a member of the 
organizing committee, reminded the participants of the importance of 
family engagement, community, and culture in attracting and retaining 
students of color in STEM.

Another member of the organizing committee, Thomas Bailey from 
Teachers College, Columbia University, observed that one potent recruit-
ing tool for STEM transfer students could be introductory science courses 
at community colleges. Developmental education courses or student suc-
cess courses are other ways to help students find direction. Students 
often are not aware of the requirements for transferring, even when they 
have declared a major leading to eventual transfer. “What is our respon-
sibility to make sure that those students are progressing in a systematic 
and coherent way toward those goals?” asked Bailey. More advisers are 
needed, of course, but community colleges will need to combine technol-
ogy with advisers given their financial constraints.
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5

The Two-Year Curriculum 
in Mathematics

Important Points Made by the Speaker

•	 	Many more students are taking mathematics at community colleges than 
has been the case in the past, but the majority of students enroll at the 
precollege, noncredit level.

•	 	Reform of the mathematics curriculum needs to encompass the entire edu-
cational system.

•	 	Much more research is needed on teaching and learning in two-year col-
lege mathematics and on the characteristics, experiences, and aspirations 
of students.

•	 	Practitioners need to be engaged in research on mathematics education to 
facilitate adoption and scale-up.

Mathematics is seen by many as the backbone of the STEM pipeline, 
said Debra Bragg, professor of higher education at the University of Illi-
nois, and author of one of the three papers commissioned for the summit. 
The complete paper is available in Appendix C. Yet very few students in 
community colleges ever progress beyond arithmetic or algebra. Though 
reforming mathematics education in the United States is an “enormous” 
job, said Bragg, changes at the community college level can help set the 
process in motion.

29
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RISING ENROLLMENTS

The normative mathematics sequence in U.S. education progresses 
from arithmetic to algebra to geometry to trigonometry to calculus. Over 
the past three decades, many more students have at least embarked upon 
this progression in two-year institutions—from about one million stu-
dents enrolled in two-year mathematics and statistics programs in the 
early 1980s to more than two million today, according to data provided 
to Bragg from the Conference Board of Mathematical Sciences. Further-
more, about 47 percent of mathematics enrollments in higher education 
are at the two-year level. “That is a lot of enrollments and clearly a very 
important part of the pipeline,” said Bragg.

However, 57 percent of the students enrolled in two-year college 
mathematics are enrolled at the pre-college, noncredit level. The course 
with the largest enrollment is elementary algebra, which is usually one to 
two levels below college-level algebra. Over the past five years, the great-
est growth in enrollments has been in arithmetic and pre-college algebra. 
“We are seeing growth at the lower end, not where we were hoping to 
see it,” she said.

The preponderance of enrollments in college-level mathematics is 
in college algebra, and most students do not move beyond that level. 
Only about 7 percent of enrollments are in calculus, and only about 7 
percent are in statistics, with most students never moving beyond the 
introductory courses in these subjects. Other significant enrollments are 
pre-calculus (18%) and other mathematics classes (11%) such as linear 
algebra, mathematics for elementary teachers, or non-calculus mathemat-
ics for technical careers.

INSTRUCTIONAL APPROACHES

The Conference Board of Mathematical Sciences also has conducted a 
survey about instructional approaches in two-year mathematics courses.1 
Relatively few two-year courses offer special mathematics programs that 
provide support for minorities or women (11% and 6%, respectively). 
About 14 percent offer undergraduate research opportunities, and 20 
percent offer honors sections to mathematics students.

In contrast to these sparse offerings, 90 percent of two-year col-
lege mathematics programs require diagnostic or placement testing. An 
increasing number of researchers are raising questions about the use of 

1The survey is available at http://www.ams.org/profession/data/cbms-survey/
cbms2005. 
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these tests, said Bragg, and about alternative educational approaches that 
could reduce the number of students needing developmental mathematics.

MATHEMATICS REFORM

The American Mathematical Association of Two-Year Colleges 
(AMATYC) has made an extended commitment to reform in mathemat-
ics education. The AMATYC Crossroads in Mathematics Program2 led 
to follow-up programs called Beyond Crossroads3 and College Renewal 
Across the First Two Years, under the aegis of the Mathematical Asso-
ciation of America,4 which have tackled the implementation challenges 
inherent in reform. In addition, work by Lynn Steen, Uri Treisman, and 
others have contributed to careful thinking about what and how math-
ematics is taught, Bragg said (references are in Appendix C).

SPEAKER AND PARTICIPANT SUGGESTIONS 
FOR FUTURE ACTION

Bragg made four suggestions for future action on the basis of her 
observations.

First, reform of the mathematics curriculum needs to encompass the 
entire educational system. Without a strategic, collaborative endeavor, it 
will be difficult for two-year colleges, caught as they are between K-12 
education and universities, to implement and sustain reform, except in 
isolated ways. Today, reform at different levels is largely separate, Bragg 
said; it needs to be combined and integrated.

Second, much more research is needed on teaching and learning 
in two-year college mathematics, especially in college-level mathemat-
ics. Numerous pedagogical strategies are emerging that have promise to 
change the way two-year college mathematics is taught, said Bragg, but 
today lecture-led, teacher-centered instruction predominates.

Third, the characteristics, experiences, and aspirations of students 
who enroll in two-year college mathematics need to be investigated in 
greater depth. More research is needed to understand how students 
develop the “habits of the mathematical mind” that are required to be 
successful in all STEM fields.

Finally, practitioners need to be engaged in research on mathematics 
education to facilitate adoption and scale-up. Two-year faculty would 

2Additional information is available at http://www.amatyc.org/Crossroads/CrsrdsXS.
pdf. 

3Additional information is available at http://beyondcrossroads.amatyc.org/.
4Additional information is available at http://www.maa.org/cupm/crafty/.
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appreciate and benefit from opportunities to engage in research that 
encourages them to try out new pedagogical strategies in the classroom 
and determine how they affect student learning. “The math faculty will 
be hungry and excited to be part of this kind of research, because they live 
this issue every day,” Bragg said.

Report of Collective Observations from a 
Breakout Group on Mathematics

Participants in the breakout session on mathematics education at the summit 
reported three main observations from their discussions during a plenary session 
of all Summit attendees:

First, additional research about mathematics education at the community col-
lege level could lead to more informed policies and decision making.

Second, successful evidence-based instructional systems for mathematics 
need to be identified. Research on instruction indicates that effective systems 
encompass curriculum, pedagogy, faculty development, and student support 
mechanisms.

Third, excellent evidence-based instructional systems, which combine the re-
search and identification of pockets of excellence, exist today. However, there 
are too few documented cases where they are being strategically replicated and 
expanded.

DISCUSSION

During the discussion sessions at the summit, participants made a 
number of comments related to mathematics at the community college 
level.

Pamela Brown from the National Science Foundation, on leave from 
the New York City College of Technology, a branch of the City Univer-
sity of New York, directed attention to the 60 percent of the institution’s 
16,000 incoming students who need to take developmental mathematics. 
“I would not describe it as a gatekeeper,” she said. “I would have to say it 
is more like a firing squad, because only about 20 percent of the students 
pass the lowest levels of developmental math, and a great percentage of 
those students withdraw unofficially. They just give up and stop coming 
to classes.” Part-time faculty who receive only a few thousand dollars 
per course teach half of these classes. These faculty need help to become 
good mentors, get involved in educational research, and adopt good 
pedagogical practices, said Brown. In her response, Bragg noted that 
national statistics point toward something like 60 percent of the sections 
of precollege mathematics being taught by part-time faculty, and overall 
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part-time faculty teach an estimated 45 percent of all mathematics two-
year college sections.

Sally Johnson from the College of Southern Nevada said that her 
school gave 10,000 placement tests in the fall of 2011, and it provided 
students with options in taking the test. Nevertheless, 60 percent of those 
10,000 students ended up in the lowest levels of mathematics, which are 
the equivalent of fifth grade and ninth grade mathematics. As she phrased 
it, “That is the reality of what we have on the ground.” Furthermore, a 
student who starts in the fifth grade-level developmental mathematics 
class has approximately a 3 percent chance of ever taking a college-level 
mathematics class, she said.

Why are students enrolled in these classes when so many fail, asked 
Packard, commenting that “it is heartbreaking.” If money is going to be 
invested in running so many sections of developmental mathematics, 
faculty also need development and support.

Carl Wieman, associate director for science in the White House Office 
of Science and Technology Policy, questioned the unusually high reliance 
on diagnostic tests and sorting in mathematics. In that respect, mathemat-
ics differs dramatically from other disciplines, which tend not to identify 
a lack of preparation as a deficiency. Biology, physics, and chemistry 
have courses for students who have not taken high-level classes in these 
subjects in high school. As an example of an alternative approach, George 
Boggs said that some colleges have been giving refresher courses before 
students take the assessment exam, and some of these students then do 
not have to go through a whole semester of developmental mathematics.

Jeannette Mowery from Madison Area Technical College, who was 
listening on the live webcast, e-mailed comments to the summit regarding 
developmental mathematics. She pointed out that, with few exceptions, 
mathematics is taught in isolation at all educational levels and not in 
context as a necessary tool to solve interesting and complex problems in 
a variety of industries and STEM application areas. All students would 
learn more mathematics if it were taught in context, she contended. She 
also pointed out that the level of mathematics needed for the majority 
of technical occupations is not higher mathematics such as trigonometry 
or calculus. Yet counselors and the standardized test system imply that 
students need to master mathematics at this high level to succeed in the 
sciences. “It is just not true, and it is a major barrier to students’ success 
in the STEM field,” she wrote.

Joan Sabourin from the American Chemical Society posed the chal-
lenge of decreasing the number of developmental mathematics and read-
ing courses taught at two-year colleges by 5 percent each year through 
collaborations with K-12 institutions to increase the skills in mathematics 
and reading of 5 percent of K-12 students each year.



Copyright © National Academy of Sciences. All rights reserved.

Community Colleges in the Evolving STEM Education Landscape:  Summary of a Summit



Copyright © National Academy of Sciences. All rights reserved.

Community Colleges in the Evolving STEM Education Landscape:  Summary of a Summit

6

Transfer from Community Colleges 
to Four-Year Institutions

Important Points Made by the Speaker

•	 	The numbers of community college students who transfer to four-year col-
leges and earn degrees in the natural sciences and engineering need to be 
greatly increased.

•	 	Transfer scholarships focused on STEM fields and “individual development 
accounts” could help increase the diversity of students in STEM fields.

•	 	Evidence-Based Innovation Consortia (EBICs) could create networks of 
relationships among community colleges, universities, and open education 
resource practitioners to support the adaptation and adoption of evidence-
based innovations.

In analyzing transfer from community colleges to four-year institu-
tions, Alicia Dowd, co-director of the Center for Urban Education and 
professor of higher education at the University of Southern California 
and author of one of the commissioned papers (see Appendix D), cited a 
recent report from the National Science Board (2010). That report called 
for providing quality science and mathematics teaching to all students, 
improving talent identification, and creating supportive ecosystems 
through professional development for STEM educators. All three steps 
are needed to enhance the flow of students from community colleges to 
four-year institutions, Dowd said.

35
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EFFECTIVE TRANSFER POLICIES

Using survey data from NSF of recent college graduates, Dowd and 
her colleagues have been examining degree choice among Latino and 
Latina students who earn an associate’s degree on their way to a bach-
elor’s degree. They have found that the majority of students who trans-
fer from a two-year college to a Hispanic-serving institution and earn a 
STEM degree do so in the social and behavioral sciences. Very few receive 
degrees in engineering, the physical sciences, or the biological, agricul-
tural, or environment sciences. 

The culture, values, and beliefs of faculty are critical factors contribut-
ing to the lack of transfer students in the natural sciences and engineering, 
said Dowd. Faculty members need to be partners in redesigning transfer 
systems, and they need robust evidence about what is effective and what 
is ineffective.

Transfer scholarships focused specifically on STEM fields could have a 
powerful effect on students and institutions, Dowd proposed. In addition, 
individual development accounts— savings accounts that are matched by 
public and private sources—could help increase the diversity of students 
in STEM fields.

Structural reforms of the curriculum, mentoring programs, and cul-
tural transformation are all necessary, Dowd stated. Moreover, funds 
are available through recent federal initiatives to take appropriate and 
targeted action.

EVIDENCE-BASED INNOVATION CONSORTIA

Dowd suggested the creation of what she called Evidence-Based Inno-
vation Consortia (EBICs). Their overall intent would be to facilitate trans-
formational educational innovations that enable all students to thrive. 
By working with community colleges, universities, and open education 
resource practitioners, EBICs could create networks that would support 
the adoption and adaptation of evidence-based innovations. These net-
works would include agencies, organizations, industry, foundations, and 
others interested in specific topics, such as the reinvention of the math-
ematics curriculum. They would support the development of effective 
tools for systemic interventions to achieve educational performance and 
equity goals, such as equity scorecards. Finally, they would conduct and 
support research to gather and analyze evidence of innovations’ effects.

Individual centers could focus on particular areas of innovation. For 
example, a center focused on the reinvention of the mathematics cur-
riculum could coordinate the work of college faculty, researchers doing 
studies of curricula and pedagogy, and educators who are implementing 
innovative approaches. 
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These consortia would need to be prestigious, Dowd emphasized. For 
example, a high level of prestige among the EBICs could motivate faculty 
to participate more actively in improving transfer processes. The trans-
fer rate for the most competitive private institutions has dropped from 
around 10 percent of student enrollments in 1990 to a little more than 5 
percent in the most recent available data, Dowd noted. Other institutions 
enroll a higher percentage of transfer students, but the percentages at 
these institutions also have been declining. “That needs to change,” said 
Dowd, because society “needs students who start out in community col-
leges and enter into the professions.”

Collective Observations from a Breakout Group on Transfer

Individuals from the breakout group on transfer issues began the report to a 
plenary session of all participants by emphasizing articulation, alignment, and 
advising. Articulation agreements could benefit from greater clarity in terms of 
their scope, application to practice, and sustainability. Better alignment is needed 
between two- and four-year institutions, which will require that faculty members 
work together and collaborate on these issues. The members of the breakout ses-
sion emphasized that “alignment” includes social and psychological components 
in addition to academic and institutional ones. 

Second, improving transfer of students could benefit from research that ex-
plores the incentives and disincentives for effective transfer that can then drive 
changes in these incentives. For example, how might funding agencies promote 
incentives and diminish recognized barriers such as the cultural differences be-
tween institutions? State rankings of articulation and transfer policies based on 
research also might be a way to drive change.

Third, federal funding that allows students to have paid STEM-specific experi-
ences—for example, through work-study or internship programs—could encourage 
more students to pursue STEM careers that would require successful transfer to 
four-year institutions.

DISCUSSION

Discussions on transfer issues during the summit centered on two 
broad issues—pathways and partnerships.

As opposed to the traditional image of a pipeline leading from K-12 
education through college to graduate school and a career as a scientist or 
engineer, the concept of “pathways” is more appropriate for community 
colleges. Students can earn a variety of degrees and certificates from com-
munity colleges and either enter the workforce or a four-year institution. 
In many cases, students with four-year degrees return to community col-
leges to receive more specialized training.

Historically, students who enroll in technical education and receive 
applied associate degrees have transferred a limited amount of credits 
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to four-year institutions, observed Debra Bragg. Since these students are 
some of the most diverse of all community college students, this poses 
an equity issue since technical students are unlikely to go on to earn a 
bachelor’s degree. Bragg’s research has looked at state policies that allow 
technical students to transfer to four-year institutions or enroll in a com-
munity college to earn an applied baccalaureate (AB) degree. Whether 
earned in a four- or two-year institution, AB degrees are spreading, and 
many of these arrangements are struck between particular two- and four-
year colleges and not reflected in larger state policy. Bragg’s research 
examines the various kinds of agreements that are associated with AB 
degrees, and she and her colleagues at the University of Illinois document 
and disseminate these degree arrangements.

Becky Packard observed that by the time community college students 
decide to become science or engineering transfer students, it may be too 
late, because they are already so far behind in taking the prerequisite 
courses that are needed to transfer. Students can become excited about 
physics and then get a reality check when they realize that they cannot 
major in the subject at a four-year school.

Advising and orientation sessions can be critical in keeping students’ 
options open, especially if this guidance is specific to disciplines. For 
example, Jose Vicente of Miami Dade College noted that the college has 
launched a major program providing discipline-based orientation, not just 
in STEM fields but across the curriculum. Students benefit tremendously 
because they can see the roadmap for the entire period that they are at 
the institution. Also, in Florida, the legislature has allowed community 
colleges to provide baccalaureate degree programs for the past decade, 
and the students on this pathway are doing “stupendously,” according to 
Vicente. The higher education system is even developing a roadmap for 
such students to go on to graduate school.

Eun-Woo Chang of Montgomery College in Maryland observed that 
a major weakness of counseling in community colleges is that few coun-
selors are familiar with STEM majors. He suggested engaging more STEM 
faculty in the academic advising process to compensate for this weakness. 
Montgomery College, for example, has engineering faculty provide aca-
demic advising for engineering students.

John Morton from the University of Hawaii Community Colleges said 
that officials at community colleges in that state found that many students 
who were interested in transferring to a four-year institution in a STEM 
field were disadvantaged in pursuing an associate’s degree compared 
with students at four-year institutions. As a result, the colleges instituted 
a transfer degree that is more parallel to bachelor’s degree requirements. 
“Identifying [those students] as a cohort gave [them] an identity, and we 
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have seen a big increase in the number of students pursuing that path to 
the baccalaureate,” he commented.

Catherine Didion from the National Academy of Engineering and a 
co-principal investigator for the project emphasized the value of many 
two-year degrees in areas such as information technology and biotech-
nology. In promoting transfer policies, two-year pathways also need to 
be more transparent to students. Linnea Fletcher from Austin Commu-
nity College agreed with this observation, pointing out that not every 
STEM occupation requires a four-year degree. High school counselors 
and institutions need more information about what is actually needed for 
particular jobs so that students have a more realistic idea of how much 
education is needed for those positions. Also, many STEM jobs are now 
and will continue to be in currently unanticipated fields, such as high-
technology welding or fashion design. “This type of information is not 
being disseminated,” said Fletcher.

Martin Storksdieck from the National Research Council and a co-
principal investigator for this project pointed out that community col-
leges are not just educating future STEM professionals. They also are 
contributing substantially to the future scientific literacy of the general 
public, including K-12 teachers. The STEM courses that people take in 
community colleges are often their last formal courses in those subjects. 
“What does that mean for the way in which we want to structure them?” 
asked Storksdieck. He also observed that community colleges may need 
to examine their curricula and instruction as more students who enter 
these institutions take Advanced Placement and International Baccalaure-
ate courses while in high school.

Geri Anderson from the Colorado Community College system raised 
the issue of the metric used to evaluate workforce training programs by 
the U.S. Department of Labor. Today the department is focused on getting 
people quickly into the workforce using high-demand certificates and 
degrees. She suggested that the Labor and Education Departments should 
engage in a dialogue about the value of education with longer term goals 
and the use of a different metric of success.

Articulation remains a problem for many institutions, responded 
Assistant Secretary Oates. Students should be able to transfer credits 
from two-year colleges to four-year colleges and have those credits count 
toward their major. This problem can be particularly acute in mathemat-
ics. In New Jersey, where she had worked previously, the rigor of calcu-
lus was not the same at community colleges as at four-year institutions. 
Faculty-to-faculty conversations are needed to harmonize the courses at 
the two types of institutions, she said. In New Jersey, those conversations 
not only educated community college faculty about what was needed 
but also helped open the eyes of four-year faculty about the talent at the 
community college level.
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In response to a question from George Boggs about existing part-
nerships among two-year and four-year institutions, Dowd mentioned 
a conversation with a mathematics department chair at a comprehen-
sive college who said that her institution’s relationship with a nearby 
community college had deteriorated because they had lost funding for 
lunches that used to bring the two sets of faculty together. When a new 
grant enabled them to have lunch together again the relationship—and 
the transfer of students—improved. “It is good to have lunch,” she said. 
“The realities of the structural alignment are going to be realized through 
human relationships.”

Susan Elrod from Project Kaleidoscope at the Association of American 
Colleges and Universities pointed to the difficulty of forging robust part-
nerships among two-year and four-year institutions. Even with funding 
from the Gates Foundation to create such partnerships, it was difficult to 
figure out which people to bring together. “Getting the right people from 
the right institutions together in a room consistently to make sure that the 
messages are consistent, and to make sure that students feel no shift in 
culture, is really important,” she observed.

Steve Slater from the Great Lakes Bioenergy Research Center at the 
University of Wisconsin–Madison pointed out that many universities do 
not view bringing in students from community colleges and helping them 
succeed as a high priority, which means that it is particularly hard to get 
junior, pre-tenured faculty involved in such efforts.

Tom Bailey from Teachers College, Columbia University, said that 
community colleges need coherent programs that span institutions if stu-
dents are going to be able to transfer successfully. More than alignment 
is needed—the programs need to be coherent across institutions. Many 
students enter community colleges without much direction. They go into 
general studies programs, taking courses here and there. Some manage 
to earn a degree, though it may not be very coherent. As Bailey said, “We 
need to ask, what is it that we are doing to help students, [especially] if 
we have a particular interest in STEM?”

Bailey also observed that students who are already interested in 
STEM fields are the low-hanging fruit. Community colleges need to serve 
the needs of these students, but they also need to examine ways of getting 
more students engaged in STEM subjects.

Judy Miner from Foothill College observed that community col-
leges are critical components of the P-20 education continuum. They are 
uniquely positioned, have multiple missions, and feature open access for 
students. “The broad diversity of both our students and our institutions 
is not a problem to be solved but an opportunity to be seized, thereby 
empowering the most vulnerable of populations and in turn uplifting us 
all,” said Miner.
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General Discussion

During the discussion periods throughout the summit, participants 
considered many issues, beyond those covered in the previous three 
chapters, which have vital effects on community colleges. This chapter 
combines important points from those discussions into several broad 
topics. It also includes a box on major issues identified by the summit 
participants in a pre-summit survey described in Chapter 1.

SUPPORT FOR COMMUNITY COLLEGES

Several participants at the summit pointed to the immense financial 
challenges now facing community colleges. Community colleges “have 
really been hit,” according to Jane Oates, and not just by the recent reces-
sion. Community colleges are often seen as having the capacity to raise 
funds in ways other than governmental support. As a result, policy mak-
ers and funding organizations view higher education—and community 
colleges in particular—as a lower priority than K-12 education, she said.

“We are not funding community colleges adequately,” said Alicia 
Dowd. “We are not funding public education adequately.” The counselor-
to-student ratio at community colleges is at best 1 to 1,000, Dowd said. 
Adjunct faculty need better compensation and responsibility for fewer 
classes. Faculty need professional development and engagement with 
their peers as well as with students. “We need to pay for public educa-
tion, including community colleges, and for faculty who are on campus,” 
she said.

41
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George Boggs agreed that if America is to meet the challenges of 
the future, policy makers must support colleges and universities as well 
as their students. States have cut funding to public higher education, 
including community colleges, despite a surge of enrollments. As a result, 
hundreds of thousands of students are being turned away because of 
inadequate resources. Boggs also observed that although part-time or 
adjunct faculty can do a great job in the classroom, a core of full-time 
faculty is essential to make policy changes and to work with colleagues 
at four-year institutions.

Mark Hubley from Prince George’s Community College in Maryland 
pointed out that when he started at the community college in 2002 his 
department had 15 full-time faculty. Today, the enrollments in his depart-
ment are twice what they were—and the department has 16 full-time 
faculty. The faculty in the department teach at four locations in the county, 
the college has a program on the campus that enrolls high school students, 
and the department teaches dual-enrollment classes at five high schools 
in the county. He said, “As excited as I get about things that we hear in 
meetings like this, it also makes me feel overwhelmed.” In the future, said 
Hubley, the college will continue to need to do more with less, comment-
ing that “anything you can do to help the faculty at community colleges 
will be most helpful.”

Funding priorities can be a force for change. As Karl Pister, former 
chancellor of the University of California, Santa Cruz, and a member of 
the organizing committee observed, community colleges face the simul-
taneous challenge of educating potential transfer students, adults com-
ing back to school, students taking developmental courses, and students 
interested in technical programs. In contrast, many four-year institutions 
have a “very monolithic culture” organized around conducting research. 
Research universities in their modern form were created when the fed-
eral government began making large investments in research in higher 
education following World War II. The same sort of change is required 
to spur major changes at the community college level, said Pister. “It is 
an application of the Golden Rule,” he said. “People change their culture 
when the people with the gold change the rules.” For example, federal 
agencies need to insist in their grant making that transfer be substantially 
increased. In Pister’s view, “Without that kind of incentivizing, I don’t 
think we are going to see much in the way of change.”

Malvika Talwar from Northern Virginia Community College talked 
about the changes that targeted funding could make in the ranks of com-
munity college faculty. If community college careers were more palatable 
or exciting for students who are in graduate school, more PhDs would be 
interested in going this route. “When we are in graduate school, we don’t 
really know much about community colleges,” she said. One possibility 
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would be postdoctoral teaching fellowships that are geared specifically 
toward community colleges. Such options would allow more students to 
explore that option and encourage mentors to talk about that route.

Support from policy makers and foundations is important, but the 
goals of improving educational attainment, particularly in STEM fields, 
will be met only if educators take responsibility for improving students’ 
success, said Boggs. College and university faculty and administrators 
need to work together to improve completion rates and to facilitate 
the transfer of students from community colleges into upper division 
coursework.

Oates sounded a rare positive note regarding funding when she 
pointed out that the number of students with Pell grants who are in 
community colleges has gone up by more than 50 percent since 2009. She 
also said that more scholarship money is becoming available for students 
in both two-year and four-year institutions. The Obama administration 
has called for far more students to go to college and earn STEM degrees 
to help the economy grow. Revitalizing STEM education is not enough, 
Oates said. The challenge, she said, “is to embed STEM education as fun-
damental to America’s future.”

BUSINESS PARTNERSHIPS

Community colleges tend to have particularly close relationships 
with businesses and industries, for several reasons. Many offer career and 
technical education for occupations in nearby communities. In addition, 
employment is essential for many community college students. As Becky 
Packard pointed out, some students work full time and take one course at 
a time, though it may take them many years to earn a degree. Workplace 
tuition reimbursement programs can be particularly attractive options for 
such students.

Dowd suggested several other valuable roles that businesses could 
play. One is to fund transfer scholarships, which could raise the prestige 
of transfer students. Another would be to help establish and support 
community-based individual development accounts in which businesses 
would match money set aside for education. Celeste Carter from the 
National Science Foundation mentioned the possibility of businesses pos-
ing problems to groups of students that they could solve collaboratively. 
Packard added that linking scholarships with work-based internships 
could spur career development for students, rather than having jobs con-
flict with education.

Elaine Johnson from Bio-Link cited the importance of internships 
in steering students into STEM careers. Internships, particularly if they 
provide mentors and role models for students, can have a profound influ-
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ence by showing students examples of success. “How do we create that 
environment of welcoming and getting over some of the fear that students 
have that they are not going to be successful in STEM careers?” she asked.

Bill Green from Accenture, a $25 billion company with 250,000 
employees around the world, thanked everyone in the room for work-
ing on this issue. Solving these problems is not easy, he said, “but at the 
end of the day we are solving [these problems] for the competitiveness of 
our country and the standards of living of our citizens.” He, too, empha-
sized the contributions business can make. “You are trying to solve this 
problem on your own,” he said, while businesses are ready and able to 
help if they are challenged. For example, business provides $3.5 billion a 
year in philanthropy to education. “You can help us give it in a smarter, 
a more focused, and an evidence-based way,” he said to other summit 
participants.

UNDERGRADUATE RESEARCH

One of the most effective ways to interest undergraduate students in 
STEM fields and keep them engaged is to get them involved in research. 
Several summit participants pointed to the special difficulties community 
college students have in doing research. It takes “a huge amount of time 
and effort to do that well,” said Steve Slater. Even 40-year-old dislocated 
workers going back to school, said Oates, need an opportunity to whet 
their appetite for STEM careers with a taste of research.

Innovative community college faculty are thinking about how to use 
research to teach and inspire, noted Carter. She pointed to the Council on 
Undergraduate Research as the source of several useful publications on 
models that community college faculty can use to integrate undergradu-
ate research into community colleges (e.g., Council on Undergraduate 
Research, 2009). Slater similarly pointed out that one way to expose stu-
dents to research is to integrate research into the classroom. For example, 
the data being generated by DNA sequencing and other genomics appli-
cations offer endless opportunities to do original research, even at the 
high school level.

A related problem is ensuring that transfer students have as many 
opportunities to do undergraduate research as students who started in 
four-year institutions. Transfer students may not know professors as well 
or have social networks that can open the doors to research experiences. 
Transfer students may also need help with transportation, child care, and 
financial support to participate fully in research.
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PARTNERSHIPS WITH HIGH SCHOOLS

Partnerships between high schools and community colleges also can 
be extremely valuable for students, high schools and colleges, and busi-
nesses. In particular, dual-enrollment programs between high schools 
and community colleges can pique student interest in college and help 
prepare them for higher education. Dual-enrollment programs also can 
encompass four-year institutions. For example, Dowd observed that Santa 
Ana College in California has been developing relationships with the local 
high school district and with the California State University system to 
make pathways among the institutions clear and intentional, with schol-
arships for students as an incentive to graduate from high school and 
follow a pathway through community college to a four-year institution.

Other promising approaches are early-college high schools that are 
STEM specific, fast-tracked baccalaureate degrees, and greater flexibility 
on the part of four-year institutions in accepting credits. In such partner-
ships, councils of high school, community college, and university faculty 
can look at the curriculum and identify gaps. However, some summit 
participants noted that more selective four-year institutions are less likely 
to become involved in such collaborative efforts.

Jose Vicente observed that faculty-to-faculty exchanges are needed 
not only between community colleges and universities but also between 
the school system and community colleges. Such exchanges provide a 
much better understanding for K-12 faculty and the school system of what 
the community college curriculum entails. At the same time, community 
college faculty can gain a much better understanding of the issues being 
addressed in the school system.

Carter said careful thinking needs to be devoted to where dual enroll-
ment works and where it does not. Some students are intellectually and 
emotionally mature enough to handle it, but others are not. In addition, 
Linnea Fletcher pointed out that dual-enrollment programs are threatened 
financially in many states. In Texas, for example, if a high school student 
signs up for a dual-credit course and passes the community college exam, 
the student does not have to pay tuition, but the state is now considering 
ending that program because of funding problems.

Elaine Craft from Florence-Darlington Technical College in South 
Carolina pointed out that dual-credit courses can run into resistance from 
high school teachers who are defensive about AP courses. “You get a lot 
of pushback for trying to put dual credit in anything that they have AP 
credit for. They like those classes. They like those students, and they don’t 
want any competition,” she said, noting this is especially a problem in 
mathematics. Other participants countered that dual tracks in high school 
can work if they serve different purposes.
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SUGGESTED RESEARCH

Several suggestions were made regarding research that could improve 
the contributions of community colleges in STEM education. Boggs said 
that more research is needed on attracting students, retaining them, and 
having them successfully complete programs at the certificate level, the 
associate level, and beyond. Research also is needed in closing achieve-
ment gaps and breaking down barriers within and between institutions.

Policy makers are asking why public funds should go to public insti-
tutions, only to have students fail, Boggs noted. However, performance-
based funding mechanisms can be detrimental if they are not carefully 
thought out and based on evidence of what works. What kinds of funding 
can create the right incentives, he asked.

Deborah Boisvert from the Boston-Area Advanced Technological Edu-
cation Connections suggested doing research in conjunction with the new 
tax grants being made available to promote stackable credentials (which 
are sequenced credentials that can move an individual along a career 
pathway or up a career ladder). She also pointed out that inquiry-oriented 
introductory courses rather than traditional lecture-based courses may be 
more effective at retaining STEM students early in their college years, and 
these courses also could be the subject of research.

Catherine Didion emphasized the lack of data in certain critical fields, 
which makes it difficult to determine how to improve success. “There are 
some real gaps of knowledge,” she said. Dowd also pointed to the impor-
tance of data that would enable faculty and administrators to see exactly 
where students are being lost. For example, a project in California called 
the California Benchmarking project looked at cohorts of students starting 
at the earliest levels of developmental or pre-college mathematics. It then 
asked faculty to look at their syllabi and ask whether they are enabling 
the needed learning outcomes. If a student leaves one classroom with a 
passing grade and is unable to succeed at the next level, that is “a very 
powerful data point,” Dowd said. That project led to a student equity and 
success tool that enables colleges to look at cohorts in a fine-grain manner 
along milestones and momentum points.

Packard said that community colleges need a capacity for institutional 
research, which is often lacking today. Transfer is a shared issue, so they 
should be able to partner with four-year institutions in this research. In 
this way, institutions can leverage their resources and conduct much more 
useful investigations than either institution could do on its own.

Rebecca Hartzler from the Carnegie Foundation for the Advance-
ment of Teaching said that community colleges engage in considerable 
institutional innovation, but this work is rarely published. The Carnegie 
Foundation is trying to harness the innovation occurring in mathematics 
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classrooms and create a community to come together around, in this case, 
developmental mathematics.

Martha Kanter observed that much has been learned over the past 
few decades, so one challenge is to systematize the things that work and 
apply them elsewhere. The First in the World Program has a competitive 
fund to get four-year and two-year schools to engage in research on what 
works and to disseminate the results across the country. She asked, “How 
can we corral [research results] into something bigger?”

FINAL REMARKS

The time is right for a bold and ambitious interagency initiative that 
could break down silos, spur innovation, disseminate and implement best 
practices and successful models, and cultivate experimentation, said Judy 
Miner. And, as Monica Bruning from Iowa State University pointed out, 
the responsiveness and adaptability of community colleges make them 
ideal partners in such an initiative. “I can’t think of a better group than 
the community college educational system in our country to handle [these 
changes],” she said.

Boggs said that the summit’s success would hinge on what happened 
after the participants left and went back to their day jobs. “I hope this is 
not just a one-time event,” he said. Discussions need to continue with 
the goal of developing a comprehensive and coordinated “agenda for 
researchers, policy makers, educators, foundations, and business leaders 
to help us move ahead.”
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Responses to a Pre-Summit Survey:  
“Big Ideas” to Increase the Potential of Community 

Colleges for STEM Education and Careers

In the survey sent to registered participants before the National Academies’ 
Summit on Community Colleges in an Evolving STEM Education Landscape, re-
spondents were invited to contribute one big idea or insight they have about in-
creasing the potential contributions of community colleges to STEM education and 
careers. Their contributions included the following:

1.  Building and strengthening STEM pathways between two-year and four-year 
institutions. Examples include creating a three-year curriculum focused on tran-
sitions to baccalaureate institutions for students lacking college readiness, de-
veloping degree completion models that build on two-year programs, providing 
opportunities for two-year and four-year faculty collaboration, and exemplary 
articulation policies and practices.

2.  Promoting an inquiry-based model of STEM instruction across two-year and 
four-year institutions. Examples include student coaching, hands-on labs, and 
teaching methodologies that teach STEM content in the context of employability 
skills.

3.  Instituting specific curricular programs that have proved effective in retaining 
students in STEM education and careers. Programs mentioned include work-
force education programs and biotechnology programs.

4.  Requiring articulation agreements as a means for creating viable and affordable 
pathways to STEM careers. One example is aligning occupational STEM cur-
ricula with academic curricula. Another is the articulation of complete technician 
education programs.

5.  Providing better support systems for students. Types of support mentioned in-
cluded grouping students into cohorts and addressing social, cultural, financial, 
and personal issues.
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6.   Adopting, publicizing, and promoting STEM education as a community college 
priority. STEM education at the community college level could play a major 
role in teacher preparation and workforce development. It also can reach rural 
and remote communities. Making STEM education a community college prior-
ity could encourage the development of two-year and four-year institutional 
partnerships, emphasize the importance of community colleges in the evolving 
STEM education landscape, and focus federal funding on this issue.

7.  Initiating uninterrupted federal funding for two-year and four-year STEM educa-
tion programs. NSF and other funding agencies could help strengthen STEM 
education by funding programs that start in two-year colleges and provide a 
seamless transition into four-year institutions.

8.  Strengthening K-12 STEM preparation and achievement. Efforts that could 
be taken to improve the academic preparation of students in STEM include 
strengthening the K-12 curriculum, having students take a test to determine 
college or job readiness prior to leaving high school, having dual-enrollment 
programs that allow for transfer of credits nationally, and recruiting students 
from STEM academies.

9.  Increasing the capacity and competitiveness of community colleges to receive 
grants from NSF and other federal funding sources. Disadvantages for com-
munity colleges in applying for federal funds for program improvement include 
a shortage of faculty time to develop proposals and manage grant projects, 
inconsistent college administration support for grants, lack of grant-writing ex-
pertise, insufficient internal and external partnerships, and limited resources for 
institutions to learn how to submit proposals and manage awards.

10.  Establishing professional communities to work on specific STEM education 
challenges. Particular challenges mentioned include developing curricula, lever-
aging technology, promoting faculty development, and recruiting more women 
and minorities into STEM education and careers.
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Appendix A

Summit Agenda1

National Research Council
Teacher Advisory Council, Board on Science Education, 

Board on Higher Education and the Workforce, and 
 Board on Life Sciences 

The National Academy of Engineering 
Program Office

 
Carnegie Institution for Science 

Carnegie Academy for Science Education

Community Colleges in the Evolving STEM Education Landscape
December 15, 2011

Carnegie Institution for Science 
1530 P Street, NW 

Washington, DC 20005

8:30  Registration (breakfast available in meeting room)

9:00  Welcome and Introductions

	 •	 Jay Labov, National Research Council 
	 •	 Toby Horn, Carnegie Academy for Science Education
	 •	 Barbara Olds, National Science Foundation
	 •	 George Boggs, Chair of the Summit Steering Committee

1Links to video archives and PowerPoint presentations for many of the speakers at this 
Summit are available at http://nas-sites.org/communitycollegessummit/tentative-topics-
and-agenda/. 
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9:30  Community College Opportunities and Challenges in STEM

	 •	 Jane Oates, U.S. Department of Labor

  - The need for a robust, diverse STEM workforce
  - The potential of community colleges to meet this need

	 •	 Eric Bettinger, Stanford University

  - To Be or Not to Be: Major Choices in Budding Scientists 
  -  Student Perspective on STEM pathways (video)

	 •	 Questions	and	General	Discussion

10:30  Break

10:45  Key Issues in Realizing the Potential of Community Colleges

	 •	 	Becky Wai-Ling Packard, Mount Holyoke—Outreach and 
Mentoring Programs

	 •	 	Debra Bragg, University of Illinois—The Two-Year 
Mathematics Curriculum 

	 •	 	Alicia Dowd, University of Southern California—Transfer 
from Two-Year to Four-Year STEM 

	 •	 Panel	Discussion	Among	Paper	Authors
	 •	 Questions	and	General	Discussion

12:30- Working Lunch: Focus on underrepresented minorities in STEM
2:00  

1:00   Keynote Address: Expanding Minority Participation in 
Undergraduate STEM

	 •	 Harvey Fineberg, President, Institute of Medicine
	 •	  Freeman Hrabowski, Chair, Expanding Minority Participation: 

America’s Science and Technology Talent at the Crossroads 
	 •	 General	Discussion

2:00  Introduction to Breakout Discussions
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2:15- Breakout Discussions
3:00
	 •	 The	Two-Year	Mathematics	Curriculum
	 •	 Outreach,	Recruitment,	and	Mentoring	in	STEM
	 •	 Transfer	from	Two-Year	to	Four-Year	STEM

	 Discussion	Questions	

	 •	 	How	does	this	issue	(e.g.,	transfer)	affect	teacher	quality	in	
STEM?

	 •	 	What	are	the	next	steps	in	this	area	to	improve	student	
pathways in STEM?

	 •	 	What	institutional,	state,	or	federal	policies	are	needed,	
including financial aid policies?

	 •	 	What	steps	can	you	take	now	to	improve	student	pathways?
	 •	 	What	further	research	is	needed	to	guide	policy	and	practice?

3:00  Merging of Groups by Topic

3:15  Break

3:30  Reports from Breakout Groups—George Boggs

4:00   Realizing the potential of community colleges in the evolving 
STEM education landscape: Next steps for practice, policy, and 
research

	 •	 	Committee	Members’	Reflections
	 •	 	Martha J. Kanter, Under Secretary of Education, U.S. 

Department of Education
	 •	 	V. Celeste Carter, National Science Foundation
	 •	 	General	Discussion

5:00  Adjourn
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Effective Outreach, Recruitment, and 
Mentoring into STEM Pathways: 

Strengthening Partnerships 
with Community Colleges

Becky Wai-Ling Packard
Professor and Co-Director,

Weissman Center for Leadership and the Liberal Arts 
Mount Holyoke College

EXECUTIVE SUMMARY 

 The community college is the modal higher education entry point for 
students across the nation and is even more typical for first-generation, 
low-income, racial-ethnic minority, and nontraditional-age college stu-
dents. Complex barriers can decrease the feasibility of pursuing four-year 
degrees in science, technology, engineering, and mathematics (STEM) 
fields via community college pathways. Exemplary outreach and recruit-
ment efforts can help to increase the numbers of students who enter these 
critical pathways, while effective mentoring strategies can mitigate barri-
ers and improve retention. Specifically:

1. Outreach efforts need to target students and their families so they 
can learn about the many career options within STEM fields as 
well as tri-level partnerships and pathways that link high schools, 
community colleges, and four-year institutions. Federal agencies 
and state departments of education should prioritize funding 
initiatives that exemplify sustainable, coordinated approaches 
to outreach. The National Science Foundation’s Advancing 
Technology Education (ATE) Program portfolio provides many 
effective models for replication and expansion. 
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2. Recruitment is more effective when students can see the feasibility 
and relevance of completing a four-year STEM degree. States should 
expand dual-enrollment programs and make recommendations 
for college-preparatory math sequences; local policies should lift 
restrictions so college classes can count for both college and high 
school requirements. Governmental incentives should be directed 
toward industry partners who provide STEM-specific internships. 
Additionally, federal grants can incentivize the redesign of STEM 
courses at the introductory level.

3. Several mentoring initiatives improve student retention, including 
developmental bridge programs, science scholar programs, 
peer-led supplemental instruction, and undergraduate research 
experiences. Further research is needed into the design principles 
that make mentoring initiatives more effective and scalable. Funding 
agencies should require student mentoring plans in all relevant 
grant proposals, similar to the National Science Foundation’s 
requirements for postdoctoral researchers. Grant programs should 
target innovations such as part-time summer research experiences 
for nontraditional students and future community college faculty 
mentoring programs. State higher education offices should include 
mentoring and retention plans as criteria for approving academic 
programs. Beyond formal programs, institutions need to expand 
informal mentoring strategies across their campuses.

In sum, efforts to recruit and retain community college students pur-
suing STEM transfer pathways should be coordinated, well designed, 
and sustained. Changes in educational policies and grant requirements 
can help to strengthen the impact of these investments. By helping insti-
tutional leaders in four-year institutions to recognize the benefits of col-
laborating with and learning from community colleges, we can further 
strengthen these critical partnerships.

INTRODUCTION

This paper focuses on effective outreach, recruitment, and mentoring 
strategies that can increase the number and diversity of students who use 
community college pathways to earn four-year degrees1 in STEM. Many 
occupations in STEM fields now require a four-year degree; individuals 
who earn a bachelor’s degree on average earn hundreds of thousands of 
dollars more during their careers and have access to a broader range of 

1The importance of STEM associate’s and certificate programs is recognized; however, 
these programs are not the focus of this paper.
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career choices than high school diploma recipients do (Carnevale, Smith, 
and Strohl, 2010). Increasing STEM degree completion in the United States 
has been identified as an issue of national priority to boost global com-
petitiveness (National Governors Association, 2011). The United States 
does not sufficiently tap the talents of the nation’s students as evidenced 
by the underrepresentation of women, racial-ethnic minority, low-income, 
first-generation, and nontraditional-aged college students in many four-
year STEM degree programs (Bailey and Alfonso, 2005; Espinosa, 2011; 
National Science Foundation, 2007), and the high percentage of interna-
tional students in U.S. graduate STEM programs (National Science Board, 
2008). 

Yet, this is where challenge and opportunity meet. Community col-
leges attract students from all backgrounds, especially those underrepre-
sented in STEM, by the hundreds of thousands. Indeed the community 
college is the most typical entry point into higher education today, rep-
resenting about 50 percent of college students (Bailey and Alfonso, 2005; 
Engle and Tinto, 2008; U.S. Department of Education, 2006). However, 
community college pathways to four-year degrees are not as effective as 
they could be. Each year, over four billion dollars in grants and state allo-
cations are lost when new, full-time community college students do not 
return for a second year of study (American Institutes for Research, 2011). 
Transfer rates from community college to four-year institutions are low 
overall, especially for low-income students of color (Bailey and Alfonso, 
2005; Engle and Tinto, 2008; Packard et al., 2011; Reyes, 2011). In addition, 
few women pursue a STEM transfer pathway (Packard et al., 2011; Reyes, 
2011). In order to strengthen pathways to a four-year degree for students 
from diverse backgrounds, it is critical to identify effective outreach and 
recruitment strategies to attract students as well as mentoring strategies 
to mitigate barriers and improve retention. Further, we need to identify 
levers of change to expand these practices across the nation. 

CONCEPTUAL FRAMEWORK: THE FEASIBILITY OF 
STEM WITH A COMPLEX SOCIAL ECOLOGY

Students develop their college and career plans within a complex 
social ecology. Bronfenbrenner’s ecological model helps us understand 
the influence of interconnected contexts on students’ learning and career 
trajectories (Bronfenbrenner, 1979). Students develop within many spaces 
including the home, school, and workplace. The relationships among con-
texts also influence students, such as how strongly parents and teachers 
communicate. Indirect influencers, including access to transportation or 
availability of jobs, also persuade students, as do the broader political or 
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economic contexts within which we all live, such as being in an economic 
downturn.  

Applied to the pursuit of STEM majors in college, it is typical for 
students to be influenced by the guidance of a family member or a family 
friend (Kim and Schneider, 2005; Packard, Babineau, and Machado, 2012). 
When first-generation college students and low-income students turn to 
the home, however, they are not as apt to gain access to knowledge about 
college navigation, leads on internships, or a financial cushion if compli-
cations arise (Carter, 2006; Stanton-Salazar, 2011). For example, parents 
without college experience may not know that job training certificates 
rarely contribute toward an associate’s degree, or that certain prerequi-
sites are necessary to transfer from a community college into a four-year 
program. 

In terms of home-school relationships, low-income parents may feel 
intimidated to approach high school math and science teachers, miss-
ing out on school-based support (Packard, Gagnon, and Moring-Parris, 
2010). High school preparation is also an issue. In a study of 5,000 Latino 
community college students in Los Angeles, researchers found after three 
years of study, less than 9 percent of students were in a position to transfer 
to a four-year school, mostly due to the need for developmental courses 
(Hagedorn and Lester, 2006). Thousands of students each year enroll in 
developmental math, but only a few continue on to the transfer-based 
math courses and into a four-year STEM program (Hagedorn and DuBray, 
2010). On the positive side, community college students generally report 
having positive experiences in STEM education with dedicated teachers 
and smaller class sizes that encourage students to continue their educa-
tion (Patton, 2006).

Financial background is a major predictor of college entrance and 
persistence. Students from lower-income backgrounds are most likely to 
delay going to college, work many hours while attending college, attend 
school part-time, and limit their time on campus—all factors that pre-
dict degree noncompletion (Complete College America, 2011; Institute 
for Higher Education Policy, 2010). Low-income, first-generation college 
students are four times more likely to leave college during their first year 
than their peers are, and more than three times less likely to transfer to a 
four-year school in a six-year time frame (Engle and Tinto, 2008). Simply 
put, delays discourage students from transferring; students may elect 
shorter-term educational programs such as drafting instead of a longer-
term career choice such as engineering, or leave STEM completely as a 
result (Packard and Babineau, 2009). What adds to the juggle: about 50 
percent of students are employed at least part-time, and many are work-
ing full-time, while going to school (American Association of Community 
Colleges, 2007; Perna, 2010). Also, when students work many hours, they 
may not be able to avail themselves of academic resources such as office 
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hours or study group sessions (Complete College America, 2011; Institute 
for Higher Education Policy, 2010), thereby decreasing access to opportu-
nities designed to grow students’ academic capacities and their sense of 
capability (Lotkowski, Robbins, and Noeth, 2004). Although access to a 
relevant job can positively contribute to STEM persistence, these oppor-
tunities are not as frequent as one might think (Packard et al., in press). 

Finally, the pressure on community colleges to provide an effective 
and efficient mechanism for transfer has intensified in recent years despite 
serious resource constraints (Dowd, 2007). A study of 400 students from 
nine community colleges in Los Angeles found that ineffective advising, 
influenced in part by extremely high student-to-counselor ratios, led to 
a lack of student information about transfer requirements (Hagedorn, 
Cypers, and Lester, 2008). In many states, community colleges are not 
aligned with one another (Packard, Gagnon, and Senas, in press). For 
example, Biology 101 is not necessarily the same course at one community 
college as it is at another community college, leading students even in the 
same state to lose credits and time (Handel, 2007). Going further, articu-
lation agreements between community colleges and four-year schools 
still require attention at the disciplinary level; it is still often the case that 
students will take a STEM prerequisite at a community college and later 
earn only general credits, rather than credit for a major requirement, 
upon transfer to a four-year institution (Packard et al., 2011; Reyes, 2011). 
In addition, women earn the majority of associate’s degrees within com-
munity colleges, but only 5 percent earn degrees in STEM fields (Hardy 
and Katsinas, 2010), with community college men outnumbering their 
female peers in STEM majors at a ratio of three to one (Espinosa, 2011). 
Negative stereotypes about STEM careers are still prominent and can 
deter students; racial-ethnic minority students may especially question 
their fit or feel alienated from STEM fields (Aikenhead, 2001; Carlone and 
Johnson, 2007). 

To conclude, feasibility is a major factor to consider when conceptu-
alizing why we do not see more students pursuing or completing STEM 
majors via community colleges. Students may not have ready access 
to information about college pathways, while others question their fit 
within the STEM profession. A lack of academic preparation, particularly 
in math, may thwart the pursuit of STEM fields while others may find 
STEM degrees less feasible to pursue due to time and financial barriers. 
Additional delays are often experienced during the transfer to a four-
year institution due to curricular misalignment or ineffective advising, 
leading some students to let go of their STEM majors or pursue a shorter-
term program of study. Unfortunately, current programs designed to 
improve outreach, recruitment, and mentoring are not yet sustainable on 
a larger scale; not enough students are experiencing best practice in these 
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domains. In the next sections, I discuss effective ways to improve outreach 
into STEM, highlighting the effective leadership that community colleges 
have taken in this domain. Second, I address effective recruitment into 
STEM by focusing on efforts to make STEM degrees feasible and relevant. 
Third, I review highly effective mentoring practices that improve reten-
tion in STEM within community college pathways to a four-year degree.

 

Barriers for Community College STEM Students

*  Limited knowledge about college navigation
*  Financial—both time and cost
*  Academic preparation in math and science; need for developmental courses
*  Misalignment of core courses across community colleges and four-year 

schools
*  Delayed, inconsistent advising, orientation, and mentoring
*  Constraints affecting the academic and social integration of working students 
*  Self-doubt regarding capabilities
*  Cultural fit with professional identity or four-year institution
*  Limited sustainability of programs designed to improve recruitment and 

retention

OUTREACH: BUILDING RELATIONSHIPS 
AND CULTIVATING INTEREST

Students and their families need greater access to information about 
college-going, feel invited into the college environment, and see compel-
ling options in STEM fields. “Outreach” in this paper refers to an initia-
tive designed to inform or invite students into STEM pathways. Outreach 
techniques include information campaigns, career days, and job shadow-
ing (Kelly and Schneider, 2011). Effective role model selection improves 
outreach; interactions with role models with whom students can relate, 
such as alumni from their own communities or students just a step ahead 
of them in their education, discussing challenges they overcame, can be 
most effective at motivating students (Packard and Hudgings, 2002).

Outreach is a worthwhile, yet limited investment, as its primary aim 
is to inform or spark interest, not necessarily to facilitate enrollment or 
long-term persistence. Any one-time initiative that simply exposes a stu-
dent to a range of interesting career options on a single day is not likely 
to have much of an impact. However, even short-term programs that 
integrate scientists into classrooms or where students engage in hands-on, 
authentic activities can grow student knowledge and interest in science 
careers (Laursen et al., 2007). More time-intensive programs, such as 
pre-college summer programs where students are exposed to labora-
tory experiences over the course of several weeks on a college campus, 
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can contribute to increases in interest for learning science or pursuing 
a science career (Markowitz, 2004). Without ongoing support and con-
tinued learning experiences, however, students may move away from a 
STEM interest over time toward another field where they do gain support 
(Packard and Nguyen, 2003). Thus, outreach efforts that are more time-
intensive or sustained over a period of time are recommended.

Consortia

Statewide and nationwide consortia, where clusters of programs are 
coordinated, organized, or offered in collaboration across a region, state, 
or nationwide, or across age and grade levels, can have more compelling 
effects than single programs operating in isolation. When programs are 
linked, students can more easily move forward through STEM pathways 
and continue to experience encouragement and engagement in a progres-
sive manner, and resources can also be better allocated and utilized. 

Two projects funded by the National Science Foundation’s Build-
ing Capacity in Computing Program demonstrate effective statewide 
initiatives: Georgia Computes! (see http://gacomputes.cc.gatech.edu/) 
and Massachusetts’s Commonwealth Alliance in Information Technology 
Education or CAITE (see http://www.caite.info/). In each project, efforts 
are coordinated statewide and across levels of education. In Georgia, they 
coordinated middle and high school summer camps, linked high schools 
with colleges, and facilitated collaboration between college students and 
graduate students using online tools. In addition, the consortium works 
with high school teachers through the Georgia Department of Education 
to offer workshops on new approaches to stimulate interest in computing 
education. In Massachusetts, CAITE is also an exemplary model that has 
organized a cross-alliance focus on community college transfer with regu-
larized regional meetings. Further, a number of national-level organiza-
tions were recognized by the White House for working across the nation 
to promote effective outreach in STEM. For example, the National Girls 
Collaborative (see http://www.ngcproject.org/) maintains a database of 
organizations that support outreach to girls in science. For more effective 
outreach, grants should prioritize collaborative projects that coordinate 
outreach efforts across a state or within tri-level educational partnerships. 

Embedding College Access Within Communities

Colleges can work to embed themselves within their local communi-
ties and high schools so that people in those communities see an open 
door to higher education. The more relationship-building there is between 
community colleges and four-year colleges and universities, the more 
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successful we will be at helping students and families to navigate these 
four-year college pathways. Many community colleges already provide 
leadership on this front. For example, Austin Community College (ACC) 
has successfully embedded itself in the community by using multiple 
methods to increase the number of students who enter its doorways. Of 
particular interest is the College Connection Program, which won the 
Texas Higher Education Coordinating Board 2006 Star Award. Through 
this partnership, ACC works with high school seniors in 15 school dis-
tricts to provide admission and enrollment services on their high school 
campuses. A stunning 6,400 high school seniors in Central Texas received 
an admissions acceptance letter to ACC with their high school diplomas. 
From 2003 to 2005, enrollments increased nearly 38 percent; the program 
also encouraged students to enroll in other colleges and universities (Texas 
Higher Education Coordinating Board, 2011). One recommendation is that 
all high schools should have community college and four-year partners 
and should be supported by state-level funding. Ultimately, students need 
to get the message repeatedly that applying to a community college goes 
hand in hand with the pursuit of a four-year college and university. 

The focus of this paper is the pursuit of STEM; thus, it is important 
that messages about college access include a disciplinary message (for 
instance, start a science degree or science career at this community col-
lege). Having a scientist or college science students in the classroom, from 
both community colleges and four-year institutions, can communicate a 
powerful message on this front. The Boston Area Technological Education 
Connections (BATEC) has provided leadership in developing effective 
outreach protocols (Salaam, 2007).

Finally, math and science teachers in high schools are critical part-
ners to community colleges and four-year schools. Improving science 
education can contribute to the number of students interested in study-
ing science. Community college science and math teachers often select 
their careers because of a deep commitment to teaching; they can play an 
important role by recruiting and preparing new K-12 teachers who are 
interested in STEM education (Patton, 2006). A strong program that joins 
K-12 teachers and postsecondary educators at the four-year level is the 
Teachers Occidental Partnership in Science (TOPS) Program. Within this 
progressive program, high school educators have access to a number of 
resources, including cutting-edge instrumentation in the natural science 
fields, access to technology-based web programs that can be integrated 
into the K-12 curriculum, and support in professional development. Addi-
tionally, TOPS is also successful due to its alignment with statewide 
policies from the California Department of Education (Occidental College, 
n.d.). 
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The National Science Foundation’s Advanced Technological Educa-
tion (ATE) division has many exemplary programs for outreach efforts, 
and more specifically, the development of education modules to dis-
seminate math and science instruction across the country. This program is 
the largest within the NSF to focus on community colleges; the numbers 
of students, families, and institutions positively affected are numerous 
(Advanced Technological Education Centers, 2011). One program, coordi-
nated by the Museum of Science in Boston, is focused on improving edu-
cators’ understanding of engineering, science, and technology by infusing 
engineering and technology concepts and skills into core introductory 
science and education courses in community colleges and four-year insti-
tutions (Cunningham and Lachapelle, 2011). Many other STEM education 
program elements in the ATE portfolio are also worthy of replication and 
expansion. Thus, I recommend the importance of sustaining this program 
and disseminating its models more broadly.

Summary of Author’s Outreach Recommendations

•	 	Select compelling role models who are step-ahead peers or alumni
•	 	Coordinate outreach efforts across states and through national-level 

consortia
•	 	Provide funding for outreach when efforts are organized across states, 

stakeholders, and levels of education
•	 	Embed community colleges and four-year institutions into communities by 

working closely with high schools and sending united messages about 
access

•	 	Invest in STEM teacher education as a form of outreach for teachers and 
students

RECRUITMENT: CREATING STEM PATHWAYS 
FROM HIGH SCHOOL INTO COLLEGE

Recruitment goes one step further than outreach; beyond sparking 
an interest or expanding career knowledge, the goal is to enroll students 
in their first course or to pursue a STEM major. In this section, I focus on 
creating feasible pathways for students to pursue STEM college degrees 
while they are still in high school. STEM degrees need to be both realis-
tic and compelling to catalyze action. As mentioned, too many students 
arrive at community college without requisite math courses. Initiatives 
that increase the number of students arriving at college with college-level 
math in place increase the possibility of pursuing a STEM transfer path-
way. In this section, I will focus my review on dual-enrollment programs 
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and STEM-specific early college high schools2 as well as the ways in 
which career-relevant internships and redesigned introductory courses 
can make a STEM major more compelling.

Prioritizing Pre-college Math

Dual enrollment, also called concurrent enrollment, refers to a prac-
tice in which high schools students take college-level classes, often on a 
college campus, while working toward their high school diploma. Dur-
ing the 2002-2003 school year, almost a decade ago, only 5 percent of 
all high school students, or 813,000 students, across the nation took col-
lege credit courses, with 77 percent using dual-enrollment partnerships 
between their high school and community college to do so (Golann and 
Hughes, 2008). That number has dramatically increased. The National 
Alliance of Concurrent Enrollment Partnerships (NACEP) is an organiza-
tion that accredits concurrent enrollment programs, for seven years at a 
time, ensuring that the courses high school students take throughout the 
nation are college quality and optimal for college readiness. There are 
currently only 66 NACEP-accredited programs; most are two-year college 
partnerships, while 24 are four-year institution partnerships. 

A dual-enrollment experience is more successful in predicting future 
college-going when students have had a more authentic college experi-
ence. Authenticity is enhanced by having class at the college campus 
and having classes in mixed groups of high school and college students 
(Edwards, Hughes, and Weisberg, 2011). Across the country, state-level 
policies exist that aim to support success in dual enrollment (Karp et al., 
2005). For example, 18 states have a mandatory state policy on dual enroll-
ment in which high schools must inform students of program opportu-
nities and accept credit. Dual credit means that the credits earned are 
applicable toward high school and college requirements (Edwards and 
Hughes, 2011).  However, at the local district level, variability exists in 
whether the high school will accept a college course for both a high school 
and college requirement. By lifting this restriction, high schools can play 
an important role in compressing the higher education timetable.

Not all students have access to dual-enrollment programs; students 
with high grade point averages have been prioritized over other students, 
and sometimes dual enrollment is reserved for career and technical edu-
cation students (Karp and Hughes, 2008; Karp et al., 2008). However, 

2Although scholar cohort programs and developmental bridge programs are also effective 
recruiting mechanisms, I choose to highlight these approaches in the mentoring section of 
this paper in order to describe a comprehensive range of effective mentoring initiatives 
together.
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based on research within Florida and New York, expanding the eligibil-
ity requirements to students with even lower grade point averages is 
recommended because students are more motivated to persist in college 
as a result of gaining college credit while in high school (Karp et al., 
2008). This important research also suggested designing dual-enrollment 
sequences, because students who took more than one dual-enrollment 
course observed greater benefits, and to offer dual-enrollment courses 
tuition-free to aid those economically disadvantaged. Completing a col-
lege-level math course not only opens doors to STEM degrees, but also 
predicts college persistence in general (Moore and Shulock, 2009). Thus, 
a recommended sequence that would lead students to pre-college math 
is recommended.

In a related movement, early college high schools (ECH) offer merged 
high school and college experiences on a compressed timetable. Recent 
research based on five years of this practice in which high schools are 
housed on a college campus cautiously suggested positive outcomes 
and the need to continue longitudinal work in this domain (Berger et 
al., 2009). In 2009, there were more than 200 early college high schools 
in 28 states, accounting for 50,000 students, with students from a low-
income background (70%) and ethnic minorities (59%) accounting for 
the majority of participants (Jobs for the Future, 2009; Webb and Mayka, 
2011). Almost all ECH graduates earn college credits across many fields 
of study. For example, a striking 95 percent of students at the Hidalgo 
Independent School District in Texas, a rural high-poverty district serv-
ing mostly Hispanic students, earned college credits while enrolled in an 
early college high school (Nodine, 2011). In addition, one in three ECHs 
is STEM-specific (North, 2011). In 2009 and 2010, close to 1,500 students 
graduated from over 30 STEM-themed early college high schools. Of these 
graduates, 25 percent earned an associate’s degree while in high school, 
and two-thirds went on to a four-year college. One STEM-specific early 
college high school is Metro in Ohio, which has a partnership with Ohio 
State University and the Battelle Corporation. In the past two years, all 
Metro students were accepted to college, many students received college 
scholarships, and all were STEM-ready (North, 2011). A continuation of 
STEM-specific early college high schools, with continued research study, 
is warranted.

In sum, policy makers can find ways to make these programs more 
accessible and help credits transfer. For one, it needs to be a more com-
mon practice where college credit hours can fulfill state requirements for 
days and minutes needed for students’ high school graduation (Jobs for 
the Future, 2006). State and local district policies need to lift restrictions 
so that college courses can count toward high school requirements as well 
as college credit. The practice of dual or concurrent enrollment can also be 
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facilitated by making use of technology, such as online or blended course 
modules, where more students can gain access to a college-level math 
course (Lovett, Meyer, and Thille, 2008).

Improving Relevance

Even if the major is feasible to pursue, barriers still exist in the form 
of negative career stereotypes and perceptions. Improving the relevance 
of STEM careers can help. Because community college students are more 
apt to work while going to school, it is important to make these work 
experiences career-relevant, as seeing the relevance of their school learn-
ing to a career can positive motivate students (Packard, Babineau, and 
Machado, 2012: Packard et al., in press). Government incentives can be 
used to increase the number of companies providing STEM internships to 
students. In addition, introductory courses need to be redesigned to help 
students to see themselves within STEM pathways and to see the careers 
as more compelling to pursue. The use of interdisciplinary courses, ser-
vice-learning, and society-relevant materials may be particularly prom-
ising for enrolling female and underrepresented racial-ethnic minority 
students (Chamany, Allen, and Tanner, 2008; Coyle, Jamieson, and Oakes, 
2006). Federal grants should be used to incentivize colleges and universi-
ties to redesign these courses and to study their impact. 

Summary of Author’s Recruitment Recommendations

•	 	Compress timetables for college completion using dual enrollment and 
STEM-specific early college high schools, thereby increasing feasibility of 
STEM college pathways

•	 	Prioritize completion of a college-level math course through recommended 
sequences

•	 	Expand eligibility for dual-enrollment programs to a wider range of students 
including students with lower grade point averages

•	 	Lift restrictions so that college courses can count toward high school re-
quirements and college credits

•	 Provide governmental incentives to companies to provide STEM internships
•	 	Provide grant incentives for colleges and universities to redesign introduc-

tory courses using interdisciplinary and service-learning approaches so 
students can see themselves within STEM pathways

MENTORING: COMPREHENSIVE NETWORKS 
AT TRANSITION POINTS

Typically, mentoring is described as a term depicting a close one-to-
one relationship, often formalized and intensive, where an older, more 
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experienced person helps to encourage and guide a younger, less expe-
rienced person (Crisp and Cruz, 2009). However, models of mentoring 
have transformed in the past two decades such that it is now more widely 
accepted that mentoring can be obtained through various sources, includ-
ing professional organizations, online systems, and even shorter-term 
relationships (Furman et al., 2006; Packard, 2003b). What we know from 
examining research and best practice is that many different kinds of 
mentoring relationships contribute to persistence in college and within 
STEM specifically. Students are more likely to persist in STEM when they 
experience a combination of (1) socioemotional mentoring functions, such 
as encouragement or role modeling, and (2) instrumental mentoring func-
tions, including academic support, college navigation, and career coach-
ing (Packard, 2004-2005). When students have multiple mentors from 
a variety of contexts across home, school, and the community, they are 
more likely to obtain a wider range of mentoring functions (Packard et al., 
2009). A constellation mentoring strategy, or having a set of strategically 
assembled mentoring relationships from different sources that provide a 
range of mentoring functions along one’s pathway, is recommended to 
promote persistence and career success. 

In my work, I use a functional approach to studying and design-
ing mentoring initiatives, which means one is focusing on the functions 
provided by a range of mentors than on any one formalized mentor 
(Packard et al., 2009). A functional approach to mentoring is helpful when 
considering the experiences of underrepresented groups as it is unlikely 
one can find a singular mentoring source to provide all functions needed 
(Packard, 2003b). In addition, a functional approach assumes a broad 
conception of mentoring, and is consistent with a constellation mentoring 
strategy. For example, peer sources of mentoring can sometimes be over-
looked when using traditional conceptions of mentoring; however, peers 
are very effective at promoting a student’s sense of belongingness and 
academic capability and thus are often an important part of a student’s 
constellation (Ensher, Thomas, and Murphy, 2001; Packard et al., 2011.

A broader economic context also provides insights into additional 
support needed to access available mentoring. For example, if a student 
does not have access to transportation or cannot afford to give up four 
summer weeks of pay in order to participate in an 8-week summer men-
toring program, then a particular mentoring initiative may miss out on 
the target students. Furthermore, students need to be able to reassemble 
their networks at transition points. Indeed, the mentoring that helps 
students to enter community college and select a STEM major may be 
different from the mentoring that helps students persist in a STEM major 
after transferring to a four-year school.  
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Several mentoring practices have been highlighted in the literature as 
improving student retention, including:

•	 Transition mentoring programs such as developmental bridge 
programs, college success courses, learning communities, and 
scholar cohort programs;

•	 Academic mentoring programs including peer-led supplemental 
instruction;

•	 Career-relevant mentoring programs including undergraduate 
research experiences and online career mentors (MentorNet).

These mentoring practices can each have a strong impact on diverse 
students pursuing community college STEM pathways to four-year 
degrees. Next, I will briefly describe some promising design principles 
for each of these approaches. 

Transition Mentoring Programs

Transition mentoring programs leverage same-stage peer mentoring 
by establishing smaller cohorts of students. By featuring regular academic 
and counseling support for students, the transition is eased. However, 
important research has been conducted that examines different instantia-
tions of these programs, highlighting important design principles. In the 
next paragraphs, I discuss developmental bridge programs, college suc-
cess courses, learning communities, and scholar cohorts in further detail.

The idea behind a developmental bridge program is that enrolling in 
the bridge program will help students to accrue necessary academic and 
social skills before officially entering college so that they will be more 
apt to succeed. In a rigorously designed study of eight different devel-
opmental bridge programs in Texas, program students gained several 
benefits compared to control students, such as greater academic success 
in math and writing courses, as well as a greater likelihood to enroll in 
future writing and math courses (Wathington et al., 2011). It was clear that 
a combination of regular academic instruction in math and writing, col-
lege success advising, and academic plus social support from upper-level 
students each contributed positively. However, the authors suggested that 
some institutions do not find developmental bridge programs to be eco-
nomically viable, so these elements are sometimes integrated into existing 
developmental courses or learning community approaches already used 
by the institution. Related research has discussed the impact of college 
success courses or extended orientation programs; researchers have been 
surprised at the positive impact on persistence above students who do not 
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participate in such programs (Advisory Committee on Student Financial 
Aid, 2008; Berger et al., 2009). 

An alternative to or complement to developmental bridge programs 
is a first-year seminar or learning community. Research focused on first-year 
seminars, which place introductory students into a small course section 
often with a common advising hour (Goodman and Pascarella, 2006), 
and learning communities, where students co-enroll in multiple intro-
ductory courses simultaneously (Weiss, Visher, and Wathington, 2010), 
shows that these approaches are associated with positive outcomes as 
well. However, further study will give us a better sense of the important 
elements. A recent, rigorously conducted research study suggested that a 
“basic” model of a learning community where students are co-enrolled in 
two or more classes together is not sufficient; instead, a more elaborated 
model involving interdisciplinary course planning by the professors of 
the two classes and special advising of the students was more effec-
tive (Weiss, Visher, and Wathington, 2010). Specifically, Kingsborough 
Community College organized co-enrollment of racially diverse cohorts 
in three classes: developmental English, an academic subject, and one 
credit of college orientation. Students also obtained counseling and a 
book voucher, while faculty received special professional development. 
In comparison to the control group, students felt more integrated and 
engaged, they passed more courses and earned more credits in their first 
semester, and slightly more program group members were still in col-
lege two years later. At Hillsborough Community College, a more basic 
approach was used in at least the first two semesters where students co-
enrolled in a developmental reading course and a college success course. 
In the third semester, the faculty increased their collaboration and linked 
the co-enrolled courses more closely together. Positive impacts on the 
learning community students in contrast to the control students were 
only observed in the third semester, suggesting that simply co-enrolling 
students does not make a learning community effective. 

Yet a third instantiation that also leverages same-stage cohorts for 
peer mentoring is found in scholar cohort programs. A scholar cohort is a 
group of students selected to be part of a distinguished cohort, such as a 
team of science scholars, because of stronger academic qualities or lead-
ership potential. Typically, a scholar cohort will stay together for at least 
the first year of college. Science scholar cohorts have been studied and are 
shown to promote persistence, particularly among first-generation college 
students and low-income students (Myers, Brown, and Pavel, 2010), as 
well as promote graduate school attendance in STEM fields (DesJardins 
et al., 2010). A very effective university-housed program is the Meyerhoff 
Scholars Program at the University of Maryland at Baltimore County. 
According to research on this program using a number of comparative 
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samples, the Meyerhoff Scholars were more apt than peer counterparts 
were to persist in a STEM major, to go to graduate school in STEM, and to 
earn better grades. In addition to the rigorous selection process and strong 
financial support of students, the use of study groups, a required summer 
bridge program, a shared residential location, and professional mentoring 
are credited as important factors (Maton, Hrabowski, and Schmitt, 2000; 
Stolle-McAllister, Sto. Domingo, and Carrillo, 2011). 

Another incredibly powerful example is the Posse Scholar model (see 
http://www.possefoundation.org). Most Posse Scholars are students of 
color and first-generation college students. The quotation from the Posse 
website is compelling, “I would have made it in college if I had had my 
posse with me.” Thus, by creating a posse and sending the posse to col-
lege together, the students are more likely to persist than any one member 
would have alone. The results have been remarkable, with 90 percent of 
Posse Scholars graduating from college, and most going on to graduate 
school. Selection is highly competitive, and the program prepares the 
scholars months in advance, through workshops provided by a special 
trainer. The selective four-year college provides full merit scholarships 
and an onsite mentor with whom they meet every other week, among 
other resources. Of particular interest is Brandeis, the first university 
with a Science Posse, funded by Posse and the Howard Hughes Medical 
Institute. Their selection process, too, is highly competitive (10 chosen 
from 1,600 applications in New York City).  Science posse students attend 
an intensive two-week science bootcamp, enroll in a math and science 
course in their first year, and are placed in a research laboratory in their 
first semester. Although the program is still under study, the Brandeis 
coordinators reported it shows early signs of success; when science posse 
students thinks about leaving STEM, they do think twice because of what 
that means for their peers, and the program sees more frequent STEM 
majors within these cohorts as a result. 

Academic Peer Mentoring

Academic mentoring is critical for student success. Many colleges 
and universities have tutoring programs, but they are often critiqued as 
being remedial and potentially stigmatizing for students seeking help. In 
contrast to tutoring, academic peer mentoring programs such as supple-
mental instruction (SI) or facilitated study groups (FSG) can encourage 
a culture of excellence in STEM through peer academic support for all. 
SI sessions are fundamentally very different from tutoring because peer 
instructors lead a reprise of the lecture, with prepared interactive materi-
als designed to target misconceptions and trouble spots. The underlying 
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premise of an FSG is similar to SI, but the overall climate of an FSG can 
feel more like a collaborative study session with the leader facilitating 
problem-solving exercises. Developed by Uri Treisman, the FSG approach 
helps to de-stigmatize help-seeking and instills habits of mind that are 
predictive of excellence (Treisman, 1992). In these models, students have 
leadership positions to grow into as they advance in the major, providing 
even more incentive, due to improved mastery and commitment to their 
majors (Lockie and Van Lanen, 2008). The programs are cost-effective and 
help to alleviate burden on faculty in office hours. 

Supplemental instruction is an approach with a strong research foun-
dation (Bronstein, 2008; Peterfreund et al., 2008; Preszler, 2006; Rath et al., 
2007). University of Missouri–Kansas City’s National Center for Supple-
mental Instruction recommends a method in which gateway courses, or 
ones that appear to hold people back from progressing in the major, are 
identified by analyzing course grades and withdrawals, as well as by 
using faculty nomination and student nomination. Students who attend 
SI or FSG sessions tend to do better in the gateway class, with positive 
results documented in introductory and upper-level courses, across sci-
ence disciplines, with even greater benefits to racial-ethnic minority stu-
dents (Rath et al., 2007). In summary, colleges should ensure that students 
in gateway courses not only have tutoring services, but also have SI or 
FSG sessions attached to them, as these provide insurance for retention 
and support for excellence for all students.

Career Mentoring Experiences

Numerous studies have documented the positive influence of under-
graduate research experiences as a critical career-related mentoring expe-
rience (Gregerman, n.d.; Kim and Schneider, 2005; Seymour et al., 2004). 
Students gain a better sense of the field, grow their skills, and increase 
their commitment to STEM fields. Students can benefit from research 
opportunities in the summer or during the academic year. One recom-
mendation is to fund more flexible research experiences for undergradu-
ates, such as part-time summer research programs, so that nontraditional-
aged students, students who need to continue working in another job, 
or students with families would be more apt to participate. In addition, 
online career mentoring systems such as MentorNet have been effec-
tive at sustaining STEM career interests by providing access to industry 
career professionals (Packard, 2003b). To expand these types of program, 
businesses can be incentivized to provide STEM mentors. A mentoring 
program could be developed to support graduate students who want to 
learn more about becoming a faculty member at a community college.
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As for recommendations on mentoring, I offer many. Ultimately, fur-
ther research needs to be conducted into the design principles for effective 
mentoring and how to bring these initiatives to scale. Training for mentors 
(Pfund et al., 2006) and students (Packard, 2003a) needs to be expanded 
to improve the efficacy of mentoring programs. Additionally, we need to 
infuse informal mentoring strategies into the daily activities of faculty and 
staff across campuses. Indeed, one of the strongest predictors of student 
engagement and persistence in STEM fields is the quality and type of 
interactions with faculty (Amelink and Creamer, 2010; American Society 
for Engineering Education, 2009; Kim and Sax, 2009; Ohland et al., 2008; 
Vogt, 2008). For example, the NSF-funded Engage in Engineering project 
(http://engageengineering.org) is working to strongly infuse faculty-
student interaction into colleges of engineering across the country. Insti-
tutions also need to expand their institutional research capacities so that 
mentoring initiatives can be studied and linked to retention outcomes. 
Finally, state-level higher education offices that approve new academic 
programs should require mentoring and retention plans (Massachusetts 
Department of Higher Education, 2011).

Summary of Author’s Mentoring Recommendations

•	 	Federal agencies and other organizations should require student mentor-
ing plans akin to the National Science Foundation’s postdoctoral research 
requirements.

•	 	State-level higher education offices should require mentoring and retention 
plans for new programs

•	 	Institutions should invest in their institutional research offices in order to 
study the effectiveness of bridge programs, college success, and supple-
mental instruction on retention within disciplinary majors

CONCLUDING COMMENTS

We know that students and their families need access to information 
about STEM college programs and career opportunities. By forming part-
nerships across high schools, community colleges, and four-year institu-
tions, and by coordinating outreach efforts, we can reach more students, 
grow knowledge, and spark interest. Beyond this, students need to find 
STEM pathways feasible to pursue and this will become more likely by 
expanding dual-enrollment programs that emphasize the completion of 
college-level math courses. Next, we need to expand effective mentoring 
initiatives in order to sustain the progress of students in these pathways. 
Several mentoring program types have been documented to show posi-
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tive outcomes at the initial transition into college (developmental bridge, 
college success, and scholar cohort programs), within academic courses 
(supplemental instruction), and into the major (research experiences). 

Because additional research is needed to continue to identify the 
design principles that improve effectiveness when programs are brought 
to scale, community colleges will need assistance to build capacity for 
institutional research efforts in order to contribute to the emerging knowl-
edge base. It is also the case that institutional leaders need to understand 
the value of recruiting and retaining diverse students in STEM from com-
munity colleges to four-year institutions so that all students, especially 
the most underrepresented, see STEM fields as fields they want to pursue 
and places in which they will thrive. Although there is much work to do 
on this important issue, we can also see the many partners in this work 
who can contribute.
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EXECUTIVE SUMMARY

In spite of the strident pursuit of standards-based reform of two-
year college mathematics, implementation of reform has been slow and 
uneven. National studies show student enrollment in two-year college 
mathematics is growing in proportion to overall enrollment growth in 
higher education, but a substantial portion of these students are taking 
pre-college mathematics courses. Research suggests many of these stu-
dents never reach college-level mathematics. Improvements need to be 
made to two-year college mathematics to prepare more students for sci-
ence, technology, engineering, and mathematics (STEM)-related careers. 
Specific recommendations to support this goal are

Take a P-20 approach to reforming the entire mathematics curricu-
lum. Without a strategic, collaborative endeavor, it will be difficult for 
two-year colleges that are caught between K-12 education and higher 
education to implement and sustain meaningful change. 

Conduct more research on the teaching and learning of two-year 
college mathematics. Finding ways to support two-year college faculty 
to engage in professional development that reinforces innovative peda-
gogies is important. Included in this list are topics linked to quantitative 
literacy, accelerated and contextualized instruction, and college placement 
and related assessments that need to be better linked closely to student 
learning.

Investigate more fully the characteristics, experiences, and aspira-
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tions of students who enroll in two-year college mathematics. More 
information is needed about how diverse learners, especially women and 
minorities, experience their two-year mathematics courses (pre-college 
and college level) and how these experiences influence their subsequent 
enrollment, completion, and career decisions related to STEM. 

Engage practitioners in action research on mathematics education 
to facilitate the adoption and scale-up of innovation. Two-year faculty 
would benefit from opportunities to engage in action research that helps 
them to understand how various pedagogical and assessment strategies 
impact the learning of diverse students, and then employ these strategies 
in their classrooms.

INTRODUCTION

There is wide consensus that mastery of mathematics is essential to 
progressing into and through STEM programs of study, yet many stu-
dents are unsuccessful at navigating the normative mathematics course 
sequence (Cullinane and Treisman, 2010) that is fundamental to their 
advancement into STEM-related careers. Recent concerns about inter-
national competition and the struggling economy have focused atten-
tion on this important issue and renewed concerns about the challenges 
that many students, particularly women and minorities, face succeeding 
in mathematics coursework (National Academy of Sciences, National 
Academy of Engineering, and Institute of Medicine, 2010). Resolving this 
problem is an urgent priority if the nation is to see growth in student 
enrollment and success in STEM programs of study, placement of gradu-
ates in STEM-related careers, and rejuvenation of the nation’s economy.

This paper examines the influence of the two-year mathematics cur-
riculum on students’ progression into and through STEM programs by 
drawing upon extant literature, materials on the Internet, and personal 
communication with two-year college mathematics experts and practitio-
ners. It acknowledges the expansive developmental mathematics curricu-
lum offered by two-year colleges, but even more importantly, provides 
insights into college-level mathematics that has been overshadowed by 
a preoccupation with developmental education. The paper begins with 
a brief historical perspective and then proceeds to address such ques-
tions as: what is the status of two-year mathematics courses, who teaches 
them, and how are they taught? What standards-based reforms are associ-
ated with two-year college mathematics, what curricular and pedagogical 
innovations are capturing the attention of mathematics reformers, and 
what do we know about the impact of these reforms on student success? 
This paper concludes with recommendations for future research, policy, 
and practice on two-year college mathematics that is intended to enhance 



Copyright © National Academy of Sciences. All rights reserved.

Community Colleges in the Evolving STEM Education Landscape:  Summary of a Summit

APPENDIX C 83

student progression through STEM programs of study and into STEM-
related careers.

PERSPECTIVES ON MATHEMATICS CURRICULUM 
IN THE TWO-YEAR COLLEGE

A useful framework for understanding two-year mathematics cur-
riculum comes from Cullinane and Treisman (2010), who label the math-
ematics curriculum in the United States the “normative mathematics 
course sequence” (pp. 7-8), which they claim is ubiquitous to the P-20 
(primary through grade 20) education system. The normative mathemat-
ics course sequence extends from basic arithmetic, to pre-algebra, algebra, 
and intermediate algebra on to trigonometry, pre-calculus, calculus, and 
other calculus-based courses, with a fuzzy demarcation between pre-
college and college-level mathematics that starts with college algebra. 
Geometry may be part of the sequential mathematics continuum, or it 
may be omitted, to the detriment of students’ advancement into calculus 
and calculus-based sciences such as physics. Because this framework 
represents the dominant schema for which mathematics is taught and for 
which student competence is assessed at the secondary and postsecond-
ary levels, I use this framework as the basis for discussing the literature. 
Later, in my discussion of reforms of the two-year college mathematics 
curriculum, I again cite Cullinane and Treisman (2010) who are studying 
alternatives to the normative mathematics course sequence. First, how-
ever, I provide a brief historical foundation and then move to contempo-
rary developments in two-year college mathematics.

Liberal arts and sciences courses, including mathematics courses, 
have been part of the two-year college curriculum since creation of junior 
colleges in the early 1900s. Cohen and Brawer (1982) observed that, by 
the time two-year colleges arrived on the U.S. higher education scene, the 
academic disciplines were already “codified” (p. 284) by the rest of the 
educational system. Junior colleges that emerged to fill the void between 
high schools and universities adopted the prevailing curriculum structure 
advocated by the mathematics discipline and were therefore caught in 
between the K-12 sector and the four-year college sector from the start. 
To this end, Cohen and Brawer observed that, “the liberal arts [courses of 
two-year colleges] were captives of the disciplines; the disciplines dictated 
the structure of the courses; [and] the courses encompassed the collegiate 
function” (1982, p. 285). To facilitate the acceptance of college credits at 
the university level, two-year colleges reproduced the curriculum as well 
as the pedagogical methods used by universities to which their students 
sought entry. 

Transfer was born from these early replication efforts. A landmark 
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study of junior colleges conducted at mid-20th century by Medsker (1960) 
confirmed the lengths to which two-year colleges mimicked university 
curriculum to enhance students’ ability to transfer. He noted, “the junior 
college forfeits its identity and its opportunity to experiment in the devel-
opment of a program most appropriate for it” (p. 53). Looking back to the 
start of the comprehensive curriculum of the two-year college, Cohen and 
Brawer (1982) cited findings from a very early study of 58 junior colleges 
conducted in 1921 and 1922 by Koos (1924, p. 29) that showed liberal arts, 
sciences, and humanities courses dominated the early junior college cur-
riculum, with three-fourths of all courses representing these disciplines. 
Across a broad array of the liberal arts and sciences, mathematics repre-
sented about 8% of all course offerings. Whereas mathematics was not 
as dominant as English, communications, and the sciences, it was nearly 
universally offered in the two-year college. By the late-1950s, a national 
survey conducted by Medsker (1960) of 230 two-year colleges in 15 states 
confirmed mathematics courses were ubiquitous to the two-year college 
curriculum, but still, only a relatively modest proportion of students 
enrolled in them. In fact, only about one-quarter of two-year colleges 
required their students to take at least one mathematics course to meet 
general education requirements. Medsker’s study was also important 
because it was one of the first to document the prevalence of pre-college 
courses in reading, writing, and mathematics, foreshadowing a phenom-
enon that would continue to grow to the present day. 

Several decades subsequent to Medsker’s study, Cohen and Brawer 
(1987) studied the two-year college curriculum and found remarkably 
similar findings about mathematics course-taking. Their analysis showed 
9 percent of total course enrollments in the liberal arts, sciences, and 
humanities curriculum were in mathematics, and again reflective of 
Medsker’s results, the survey revealed a high proportion of mathematics 
courses were at the pre-college1 level. Subsequent studies conducted by 
Cohen, Brawer, and colleagues included a curriculum mapping study 
conducted by Cohen and Ignash (1992) about two decades ago. This study 
examined courses offered by a national sample of two-year colleges by 
scouring the spring 1991 catalogs and course schedules of 164 commu-
nity colleges, balanced by small (less than 1,500 students), medium, and 
large (over 6,000 students) institution size. Cohen and Ignash mapped 
the liberal arts and nonliberal arts curriculum into broad subject areas of 
which mathematics and computer science were combined into one area. 
Their study showed the preponderance of mathematics enrollments were 

1Consistent with other literature on two-year college mathematics (see, for example, Blair, 
2006), I use the term pre-college to refer to mathematics courses offered below the college 
level, including courses often referred to as developmental and remedial education courses.
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in classes offered at the introductory and intermediate course levels, with 
enrollments at the introductory or intermediate level being nearly 9 times 
larger than enrollments at the advanced level (about 766,000 enrollments 
in the former and approximately 87,000 enrollments in the latter). Though 
enrollments were substantially lower in advanced mathematics courses, 
this study confirmed that two-year colleges offered a substantial array 
of mathematics courses, including courses extending from the develop-
mental level to calculus, as well as statistics. The number of sections of 
mathematics accounted for 10.7 percent of the total liberal arts curricu-
lum, which ranked mathematics just behind humanities at 13.4 percent 
and English at 12.8 percent.

Another important aspect of two-year college mathematics curricu-
lum that is evident in the curriculum mapping study of Cohen and Ignash 
(1992), and that also has relevance to this discussion, pertains to the rise 
of nonliberal arts curriculum, a trend that began in the 1970s (Cohen and 
Brawer, 1987). Since much of mathematics course-taking in the two-year 
colleges relates to the majors that students choose in nonmathematics 
subjects, it is important to understand the ways mathematics is used to 
fulfill general education requirements. Cohen and Ignash (1994) identi-
fied the emergence of occupational-technical fields of study (many hav-
ing a technical focus and having some STEM-related content) beginning 
in the 1970s, and they documented the growth of technical education, 
trades and industrial education, and other programs of study offered 
by two-year colleges that require various levels and forms of mathemat-
ics. Whereas the offering of liberal arts and sciences courses has been 
relatively robust over the years, by the 1990s nonliberal arts and sciences 
courses accounted for about 45 percent of the two-year college curricu-
lum and occupational-technical education course were prominent among 
them. Technical mathematics and courses tailored for other majors such as 
elementary education were apparent in the curriculum as well. One impli-
cation of this trend is that the teaching of mathematics, which had been 
the purview of the mathematics discipline, spread to other instructional 
units and efforts to integrate mathematics with other subjects emerged as 
a strategy to increase learners’ abilities to apply mathematics in diverse 
occupational settings (Grubb, 1999). 

Concerns about students’ lack of preparation for college-level math-
ematics were also growing during the latter decades of the 20th century, 
as noted by an American Mathematical Association of Two-Year Col-
leges (AMATYC) report that showed developmental mathematics courses 
were offered by 91 percent of two-year colleges (Baldwin and the Devel-
opmental Mathematics Committee, 1975). Literature documenting the 
growth in remedial enrollments in two-year colleges observed pre-college 
mathematics courses were necessary for “marginally literate students 
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emanating from the secondary schools” (Cohen, 1984, p. 1). In a national 
survey conducted in the early 2000s, Greene and Forster (2003) found 
only 32 percent of all high school graduates demonstrated the level of 
competence needed to enter college mathematics coursework. Among all 
learners, Greene and Forster identified Hispanics and African Americans 
as “seriously underrepresented in the pool of minimally qualified col-
lege applicants” (p. 3), and they attributed their lack of preparation to 
inadequate K-12 education rather than “financial aid or affirmative action 
policies” (p. 3). Their research points to the uniquely important role that 
community colleges play in transferring underserved students to the uni-
versity level in STEM-related careers (Arbona and Nora, 2009). However, 
transfer is not possible if students are unable to navigate the mathematics 
curriculum that begins at the pre-college level. Attewell et al. (2006) found 
60 percent of community college entrants are required to take one or more 
developmental courses, usually mathematics, and numerous studies by 
Bailey and colleagues at the Community College Research Center (CCRC) 
(see, for example, Bailey, Jeong, and Cho, 2010) reveal the dismal success 
rates of students whose placement test scores prescribe multiple devel-
opmental mathematics courses. Beyond the developmental level, Adel-
man (2004) noted failure and withdrawal rates of 50 percent or higher in 
college algebra and pre-calculus courses, demonstrating problems with 
student success extend beyond to the gatekeeper course level. This trend 
and other critical aspects of the two-year mathematics curriculum, includ-
ing documenting enrollment in mathematics course sequences extending 
from pre-college to college level, are examined in the next section. 

CONTEMPORARY TWO-YEAR COLLEGE MATHEMATICS

Most of what we know about two-year college mathematics in the 
United States comes from a few large-scale national surveys. The fullest 
depiction of the curricular landscape about two-year college mathematics 
is the national inventory of the mathematics curriculum in U.S. higher 
education that has been conducted every five years starting in 1965 by 
the Conference Board of Mathematical Sciences (CBMS) with support 
from the National Science Foundation (NSF). The CBMS2005: Fall 2005 
Statistical Abstract of Undergraduate Programs in the Mathematical Sciences 
in the United States is the last published installment of the national survey 
results on the two-year college mathematics curriculum (Lutzer et al., 
2007). However, preliminary results of the 2010 CBMS national inventory 
on two-year college mathematics were shared with me by Ellen Kirkman 
and Rikki Blair (personal communication, December 4, 2011) to update 
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this paper.2 Taken together, the 2005 and 2010 reports (as well as selective 
use of earlier CBMS surveys) provide the most detailed description of 
two-year college mathematics curriculum offered by public community 
colleges in the United States, including trends in student enrollments, 
courses, faculty, and instructional practices. 

The CBMS survey used a stratified, simple random sampling design, 
with strata based on the three variables of curriculum, highest degree 
level offered, and total institutional enrollments to address three distinct 
universes: two-year college mathematics programs, mathematics depart-
ments in four-year colleges and universities, and statistics departments 
in four-year colleges and universities. The stratum specifications used 
in the 2005 CBMS administration exactly replicated the ones used in the 
CBMS 2000, and closely emulates the specifications of previous CBMS 
surveys that were adjusted over time to improve national estimates. With 
respect to the 2005 CBMS administration, the most recent date for which 
a full report of methodology is available, a total of 600 public two- and 
four-year colleges and universities were surveyed during the period of 
September 2005 to May 2006. Minor adjustments are made to the CBMS 
at each administration, but the core of items included on the survey 
remains constant to address enrollments, instructional strategies, faculty 
demographics, and so forth.

Figure C-1 reveals fall enrollments in mathematics and statistics at a 
5-year interval from 1975 to 2005 (Lutzer et al., 2007), compared to total 
enrollments in public four-year and two-year colleges obtained from the 
Community Colleges, Special Supplement to the Condition of Education, 2008 
report (Provasnik and Planty, 2008). Results suggest the enrollments in 
mathematics and statistics are growing commensurate with the increase 
in enrollments in public four-year and two-year colleges over the last 
25-year period. Total enrollment growth in public two-year college is 
highly correlated (r = .96) with mathematics and statistics enrollment 
over this time span. More recent enrollment figures for Fall 2010 for 
mathematics and statistics show enrollment climbed to an all-time high 
of 2,096,000 (E. Kirkman and R. Blair, personal communication), mirroring 
the enrollment growth in public two-year colleges to an unprecedented 
high of 7,101,000 for 2009, the latest year statistics are available from the 
U.S. Census Bureau (2012). With respect to the growth in mathematics 
enrollment, the CBMS 2010 survey showed a 26 percent increase from 
2005, which is about the same percentage increase that was observed 
between 2000 and 2005.

2I want to express my sincere appreciation to Ellen Kirkman and Rikki Blair for their gen-
erosity in sharing preliminary tables from the forthcoming CBMS2010: Fall 2010 Statistical 
Abstract of Undergraduate Programs in the Mathematical Sciences in the United States.
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Figure C-2 shows two-year college mathematics enrollments are criti-
cal to the overall U.S. postsecondary education system. Whereas two-year 
mathematics enrollment has seen some fluctuation over the 15-year period 
from 1990 to 2005, the 2005 mathematics enrollment figure confirms sub-
stantial growth from earlier years to the point where there were only mod-
estly fewer enrollments in mathematics at the public two-year colleges (n 
= 1,580,000) than four-year public and private colleges (n = 1,607,000) by 
Fall 2005, based on 2005 CBMS results (Lutzer et al., 2007). These totals 
take into account dual enrollment, which has grown substantially over 
the last decade (Waits, Setzer, and Lewis, 2005); however, they do not 
take into account mathematics courses taught outside of mathematics 
disciplinary units, including centralized pre-college education units that 
are responsible for teaching pre-college mathematics classes. Therefore, 
these figures almost certainly underestimate enrollments in pre-college 
mathematics (arithmetic, pre-algebra, elementary algebra, intermediate 
algebra, and geometry) and possibly other mathematics-related courses 
taught on two-year college campuses, suggesting the actual enrollment in 
two-year college mathematics may be higher still.

Figure C-3 shows the percentage enrollment in two-year college 
mathematics courses by type of course and by the year the survey data 
were collected, based on the most recent CBMS 2010 data supplied by 
Kirkman and Blair (personal communication). Looking at the overall cur-
riculum delivered by two-year college mathematics units, the preponder-
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ance of enrollment is at the pre-college level, with a persistent percentage 
of about 57 percent of all enrollments in mathematics units over the last 
two decades. Other survey results reveal only modest changes in the 
distribution of enrollment across the mathematics curriculum since 1990 
(not shown in tabular form), with a small but persistent decline in enroll-
ment in pre-calculus (college algebra and trigonometry) courses since 
1995, a slight drop but also fluctuation in calculus enrollment from 1990 to 
2010, and a modest increase in enrollment in statistics courses since 1990 
and in other mathematics courses since 1995, including classes for non-
mathematics majors (e.g., mathematics for liberal arts and mathematics 
for elementary school teachers).

The CBMS also examined faculty and instruction, which is an impor-
tant issue for two-year colleges where part-time faculty are well docu-
mented and an important part of the teaching workforce (Townsend and 
Twombly, 2008). The Fall 2005 survey reveals the extent to which part-time 
faculty are engaged in mathematics instruction (Lutzer et al., 2007), with 
the percentage of two-year college mathematics sections taught by part-
time faculty being 44 percent. (Although a percentage was not apparent 
in preliminary results from the Fall 2010 survey, it is clear that part-time 
faculty numbers remain high in the 2010 CBMS survey.) Part-time faculty 
members are most evident at the pre-college level, with 56 percent of these 
sections being taught by part-time faculty, and part-time faculty are least 
involved in teaching of mainstream calculus and advanced mathematics 
compared to other courses in the two-year mathematics curriculum, with 
only 12 percent and 9 percent, respectively. 

These results suggest students taking the advanced college-level 
mathematics curriculum are most likely to be taught by a full-time fac-
ulty, a finding that seems to recognize the importance of advanced math-
ematics curriculum being taught by professionally trained mathematics 
specialists as well as the need to align standards with disciplinary require-
ments that support student progression (transfer) to the university. Not-
ing this advantage, there is little evidence to suggest students who take 
even the most advanced two-year college mathematics courses intend 
to continue their study of mathematics at the university level as math-
ematics or STEM majors. Looking at all the CBMS data for 2005, Lutzer 
et al. (2007) suggested relatively few two-year college students intend to 
transfer to the university and major in mathematics at the four-year col-
lege level, although community college science and engineering (S&E) 
students do transfer to the baccalaureate level to pursue S&E and engi-
neering technology baccalaureate degrees. Indeed, associates’ degrees 
in S&E and engineering technology constitute about 11 percent of all 
associate’s degrees awarded in 2007 (National Science Board, 2010), and 
presumably most of these students are interested in transferring. Looking 
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retrospectively, about 44 percent of S&E graduates attended community 
colleges (Tsapogas, 2004). The proportion of associate’s degree holders 
who are racial-ethnic minorities is higher among associate’s degree than 
bachelor’s degree holders in S&E fields, making these programs a rich 
ground for recruiting of STEM majors at the baccalaureate level (Handel, 
2011). From 1995 to 2007, the number of S&E associate’s degrees earned by 
racial-ethnic minority students more than doubled from 7,836 to 19,435.

The Fall 2005 CBMS survey data report on instructional approaches 
that provide insights into how two-year mathematics curriculum courses 
are taught (Lutzer et al., 2007). These data show over three-quarters of 
on-campus sections of college algebra and trigonometry, two courses core 
to the mathematics curriculum for many transfer students, are taught 
using the standard lecture method. The standard lecture method was less 
evident in pre-college course sections such as arithmetic (64%) and more 
evident in mainstream and nonmainstream calculus, elementary statis-
tics, differential equations and technical mathematics (calculus), ranging 
from 81 percent to 93 percent. Given that calls for reform of mathematical 
pedagogy have been made for many years (see, for example, Wubbels and 
Girgus, 1997, and the authors of two-year college standards-based reform 
mentioned in the next section), it is perplexing that so little change has 
occurred in the teaching of such important two-year college mathematics 
courses.

Looking at both instructional and outreach methods in the Fall 2005 
and Fall 2010 CBMS surveys (E. Kirkman and R. Blair, personal com-
munication, December 4, 2011; Lutzer et al., 2007), results show college 
placement testing in mathematics is nearly universal in two-year colleges, 
although the preliminary finding from CBMS 2010 shows a 7 percent drop 
from 2005 to 2010 that deserves further study. Blair indicated she and her 
colleagues are still exploring the reason for this drop, but point out that 
all of the 90 percent of two-year colleges that report diagnostic testing 
report requiring mathematics placement testing for all incoming students. 
These results also show an increase in K-12 outreach opportunities and 
undergraduate research, but a decline in honors sections and special 
programs to encourage women and minorities to enroll in two-year col-
lege mathematics. In terms of the use of distance and online learning, the 
CBMS 2010 surveys show relatively modest use of online instruction, with 
most courses showing less than 10 percent of the sections using online 
learning systems. These results are consistent with previous results from 
CBMS 2000 and CBMS 2005.

Given the dearth of information about student enrollments and out-
comes in two-year college mathematics, results of a national study by 
Horn and Li (2009) on postsecondary awards (credentials) below the 
baccalaureate level provide some insights into the scope and status of 
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degree attainment. Most importantly, this research shows only .5 percent 
of all subbaccalaureate awards conferred in 2007 by Title IV postsecond-
ary institutions (public community colleges as well as private for-profit 
institutions that award credentials below the baccalaureate level and also 
participate in federal financial aid) are in mathematics and science fields. 
Whereas this statistic is alarmingly low, it represents an 11.5 percent 
increase from 1997 to 2007. Also, in spite of the fact that females earn a 
majority of all subbaccalaureate credentials, enrollments in mathematics 
and science by males and females shifted toward males, from 46.9 percent 
in 1997 to 50.3 percent in 2007. Results on subbaccalaureate awards were 
not disaggregated by discipline and race; however, Horn and Li’s study 
confirms that most subbaccalaureate awards are conferred to whites. 
Among minority groups, Hispanics showed the largest increase (75%) in 
overall subbaccalaureate-conferred awards from 1997 to 2007; followed 
by African Americans, with a 54 percent increase; and whites with an 11 
percent increase only. Results of national studies by Tsapogas (2004) and 
Dowd, Malcom, and Bensimon (2009) also report the tendency of Hispan-
ics to use the two-year college to pursue science and engineering degrees, 
though again, these results were not specific to mathematics.

Given the need to reach more women, minorities, and other under-
served student populations, it is not surprising that professional math-
ematics groups have made recommendations to change mathematics edu-
cation. Among various groups to respond to calls for reform, the American 
Mathematical Association of Two-Year Colleges (AMATYC) played an 
especially important leadership role, as this next section describes.

REFORM OF THE TWO-YEAR MATHEMATICS CURRICULUM

Following a wave of reform agendas at the K-12 level, mathematics 
professionals associated with two-year colleges eagerly jumped into the 
discussions. For many years, AMATYC has provided guidance to pro-
fessionals who teach in two-year colleges throughout the United States. 
Consistent with efforts to improve mathematics education at the K-12 
level, most notably the National Council on Teachers of Mathematics 
(2010) reform agenda on Principles and Standards for School Mathematics, 
AMAYTC’s Crossroads in Mathematics (Cohen, 1995), and the subsequent 
Beyond Crossroads (Blair, 2006) initiatives conceived the two-year college 
position on reforming mathematics curriculum and instruction in com-
munity and technical colleges. The premise of “crossroads” identified in 
the Crossroads in Mathematics (Cohen, 1995) is that more citizens need to 
be prepared for STEM-oriented careers, including the “mathematics, sci-
ence, engineering, and technology” workforce, but many students who 
seek a postsecondary education are not adequately prepared to perform 
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at the college level. With respect to college preparation in mathematics, 
the Crossroads in Mathematics report anchored college readiness in stu-
dents’ needing the mathematics fundamentals as well as their needing to 
advance to studying calculus. A statement that captured the major focus 
of the Crossroads in Mathematics report is that: 

More students are entering the mathematics “pipeline” at a point below 
the level of calculus, but there has been no significant gain in the per-
centages of college students studying calculus (Albers et al., 1992). The 
purpose of Crossroads in Mathematics is to address the special circum-
stances of, establish standards for, and make recommendations about 
introductory college mathematics. The ultimate goals of this document 
are to improve mathematics education and encourage more students to 
study mathematics.

The AMATYC taskforce associated with Crossroads in Mathematics 
called for a “flexible framework for the complete rebuilding of introduc-
tory college mathematics” (p. 5), emphasizing student growth in knowl-
edge of mathematics by enhancing the meaning and relevance of math-
ematics, the importance of laboratory teaching of mathematics, the use 
of technology as essential to up-to-date curriculum, “balanced” content 
and instructional strategies that include “viable components of traditional 
instruction,” the contribution of mathematics to students’ educational and 
career options, and the inclusion of diverse students (pp. 4-5). 

The report also noted three related yet distinct sets of standards: stan-
dards for intellectual development, standards for content, and standards 
for pedagogy. Standards for intellectual development pertain to problem 
solving, modeling, reasoning, etc.; standards for content address such 
topics as real numbers and basic properties, solving linear equations, 
whole-number exponents, quadratic equations, etc.; and standards for 
pedagogy include teaching with technology, interactive and collaborative 
learning, connecting with other experiences, and experiencing mathemat-
ics (Cohen, 1995). The approach taken in the Crossroads in Mathematics 
report was that all students should grow in their fundamental knowledge 
of the normative mathematics content, supplemented with probability 
and statistics. 

AMATYC’s second standards document, entitled Beyond Crossroads 
(Blair, 2006), extended the goals, principles, and standards set forth in 
the earlier Crossroads in Mathematics report by calling for fuller and more 
strategic implementation of standards-based reform.  Beyond Crossroads 
placed more emphasis on assessment of students’ learning and pro-
moting quantitative literacy (a topic discussed more fully later in this 
paper), meeting the needs of diverse learners, promoting active learning 
and online learning, promoting professionalism among full- and part-
time instructors, and recognizing and involving more stakeholders in 
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implementation of mathematics reforms. The Beyond Crossroads report 
acknowledged the complexity of reforming two-year college mathemat-
ics in ways not addressed in the first Crossroads in Mathematics text to 
facilitate “student learning and the learning environment” and encourage 
faculty, departments, and institutions to improve all facets of two-year 
college mathematics education” (p. 7). Whereas the normative mathemat-
ics course sequence was still dominant in the second Beyond Crossroads 
report, the content standards seemed to place more emphasis on the 
application of mathematics to solve problems and to collect, analyze, and 
use data to help faculty make informed decisions and grow as profession-
als. Blair (2006) also observed that the Beyond Crossroads standards were 
intended to enhance access to college for underserved students, noting 
that two-year college mathematics “holds the promise of opening paths to 
mathematical power and adventure for a segment of the student popula-
tion whose opportunities might otherwise be limited” (p. 7).

College Renewal Across the First Two Years (CRAFTY) (Ganter and 
Barker, 2004) is a third initiative that has focused on improving two-year 
college mathematics, in this case by focusing on college algebra. CRAFTY 
recognizes that most college students enroll in college algebra to fulfill a 
general education requirement and never see the relevance of the subject 
to the rest of their college education. Very few of these students ever move 
beyond college algebra to enroll in calculus, a point consistent with the 
Crossroads in Mathematics report. CRAFTY is a subcommittee of the Com-
mittee on the Undergraduate Program in Mathematics (CUPM) at the 
Mathematical Association of America. The project looks at the introduc-
tory mathematics courses for the broad range of students who enroll in 
postsecondary education, most of whom will not be mathematics majors, 
and it solicits input from disciplinary groups (e.g., biology, engineering, 
computer science, etc.) on what mathematics departments can do to best 
prepare students for those disciplines. Ganter and Barker (2004) advanced 
the notion of a series of disciplinary-based workshops known as the 
Curriculum Foundations Project that were conducted across the country 
between 1999 and 2001 to discipline partners to state their views of the 
mathematics curriculum and engage with mathematics practitioners in a 
dialogue about ways to reform the curriculum. Through these and other 
interactive strategies, CRAFTY encouraged faculty to engage colleagues, 
college administrators, employers, and other local business leaders “to 
improve the role of College Algebra in our educational system and in the 
effectiveness of the present programs” (Small, 2002). Consistent with the 
CRAFTY approach, faculty are encouraged to use small group projects 
and technology applications that engage students in active use of math-
ematics to solve real-world problems. 

A companion initiative to CRAFTY led by AMATYC, called “The Right 
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Stuff” (funded by the National Science Foundation), opened the dialogue 
within the two-year college mathematics community to re-envisioning 
college algebra and redesigning curriculum to meet the needs of students 
enrolled in college algebra who might not be calculus-bound. Through 
traveling workshops, AMATYC assists faculty to use materials that were 
directed at encouraging students to engage in “meaningful activities that 
promote the effective use of technology to support mathematics, further 
provide students with stronger problem-solving and critical thinking 
skills, and enhance numeracy” below the calculus level (American Math-
ematics Association for Two-Year Colleges, n.d.). AMATYC also admin-
istered an initiative called Mathematics Across the Community College 
Curriculum (MAC3) (also funded by the National Science Foundation) 
that designed and shared materials that infused the mathematics cur-
riculum with real-world problems and scenarios in collaboration with 
disciplines outside of mathematics (like science and economics) (R. Blair, 
personal communication, December, 8, 2011). Hillyard et al. (2010) sum-
marized a number of studies from MAC3 projects for a special theme of 
the AMATYC journal to demonstrate that mathematics can be connected 
to other disciplines, that students increase their quantitative literacy, that 
faculty members are positively impacted, and that “academic ‘turf’ con-
flicts that emerge when we move towards interdisciplinarity” (p. 7) are 
overcome.

Together, these several initiatives—the two AMATYC standards-based 
reforms and the CRAFTY, The Right Stuff, and the MAC3 projects—repre-
sent important developments in improving two-year college mathematics 
curriculum in the United States. All of these initiatives have contributed to 
a national conversation to reform the curriculum. At a time when math-
ematics course enrollments have grown at an impressive rate in the two-
year college, particularly during the decade of the 2000s, strong consensus 
has emerged about the need to improve two-year college mathematics as 
a means of enhancing the STEM pipeline in the United States. Given the 
importance of two-year college mathematics to the overall P-20 education 
agenda of the United States, it is important to examine two-year college 
mathematics innovations to lay a foundation for recommending the next 
steps for research, policy, and practice.

WHAT WE KNOW ABOUT INNOVATIVE 
APPROACHES TO TWO-YEAR MATHEMATICS 

Due to the considerable enrollment in pre-college mathematics in 
two-year colleges, many innovations and reforms are focused on the 
pre-college (or developmental education) level. Studies of the struggles 
that students face enrolling in and navigating the sequence of pre-college 
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mathematics courses have been immensely important to understanding 
student success (or lack thereof) in mathematics courses and the larger 
STEM pipeline. Researchers such as Bailey, Jeong, and Cho (2009); Perry 
et al. (2010); and many others have laid a foundation for understanding 
complex issues associated with pre-college mathematics. Despite a grow-
ing body of research, more rigorous research is needed on pre-college 
as well as college-level mathematics curriculum at the two-year college 
level. Research on mathematics teaching and learning at the classroom 
level is needed to provide a fuller and more nuanced understanding 
of content-based and pedagogically oriented reforms that may promote 
mathematics competency and positive student outcomes at the two-year 
level, including mastery of pre-college competencies, matriculating to 
and mastering advanced competencies, and advancing to and through 
the STEM pipeline.

An important recommendation that emerged from the AMATYC 
standards-based reform reports, particularly the 2006 Beyond Crossroads 
report, is consistent with the wider national and international conversa-
tions to emphasize quantitative literacy and quantitative reasoning as an 
element of or, in some cases, alternative to the normative mathematics 
course sequence. A leader in the dialogue about quantitative literacy, 
Steen (2001) argues that enabling students to use mathematics to solve 
real-world problems that are complex, ambiguous, and incomplete is the 
most important thing that college mathematics courses can do. She notes 
that “rarely will high school graduates be faced with problems that pres-
ent themselves in the language of algebra” (Steen, 1992, n.p.), but just 
because students don’t appreciate algebra in its traditional forms does not 
mean that it is not applicable or useful to them. Steen notes that quantita-
tive literacy is rooted in real data that are part of life’s diverse contexts 
and situations. She believes pedagogy should change to encourage quan-
titative thought that can help learners “to understand the meaning of 
numbers, to see the benefits (and risks) of thinking quantitatively about 
commonplace issues, and to approach complex problems with confidence 
in the value of careful reasoning” (Steen, 2001, p. 58). Students who 
experience quantitative literacy are empowered to think independently, 
to ask smart questions, and to confront complexities and challenges with 
confidence, and, as Steen concludes, “these are the skills required to thrive 
in the modern world” (p. 58).

Given the importance of this topic, it is unfortunate that the litera-
ture on quantitative literacy and quantitative reasoning is disconnected 
from literature on contextualized teaching and learning, integrated aca-
demic and technical curriculum, and problem-based learning. Referring 
to this collection of curricular and instructional approaches, Perin (2011) 
described contextualization as the “practice of systematically connect-
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ing basic skills instruction [in fields of study such as mathematics] to 
a specific content that is meaningful and useful to students” (p. 3). Her 
recent review of the literature includes findings of various types of con-
textualization employed in postsecondary settings, especially pre-college 
mathematics courses. Baker, Hope, and Karandjeff (2009) have explored 
the wide range of definitions that are used for contextualized instruction, 
and, to their credit, they link practices associated with contextualization 
to theories of learning and pedagogical strategies. Among the recommen-
dations made by Baker et al. is the importance of exploring alternative 
formats for delivering the normative mathematics curriculum. Whereas 
rigorous research has not been performed on contextualized math at the 
two-year college level, an experimental study that examined the effect of 
training of high school math and career and technical education (CTE) 
teachers to work cooperatively to make math explicit in CTE classrooms 
produced statistically significant outcomes, including higher scores on 
standardized and college placement tests without negatively impacting 
technical skill attainment (Stone, Alfeld, and Pearson, 2008). This study 
has not been replicated in the two-year college context, but it would be 
very helpful to do so.

Examples of other innovative mathematics curriculum formats that are 
being studied include modularization, which involves delivering instruc-
tion in manageable segments or “chunks” (Rutschow and Schneider, 2011, 
p. 25), rather than traditional, semester-long courses. Mostly applied to 
pre-college mathematics, this strategy of chunking the curriculum could 
be extended to college-level mathematics. When implemented properly, 
students can achieve success in shorter time periods than traditional 
courses, which also motivates them to persist to the next shortened seg-
ment. Bailey et al. (2003) evaluated modularization in six NSF Advanced 
Technological Education (ATE) projects and four centers, and they noted 
that instructors praised the method for its flexibility and adaptability. 
The National Center for Academic Transformation Mathematics Empo-
rium model, which Twigg (2011) described as a “silver bullet,” combines 
modularization with technology-supported instruction (G. Reese and C. 
Kirby, personal communication, October 18, 2011).

Another innovation that is being attempted in mathematics, particu-
larly pre-college mathematics, involves compression of the curriculum, 
meaning compressing the amount of time it takes for students to complete 
mathematics course sequences, and accelerating them toward their next 
course or completion. Compression often requires scheduling courses 
more hours a day for shorter amounts of time, and pairing courses that 
complement one another, including pairing mathematics and science 
courses or pairing multiple mathematics courses (including pre-college 
and college level) to create an intensive learning experience. Though 
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most of the research on compression and acceleration is focused on the 
pre-college level curriculum, this strategy may be useful to attempt with 
college-level mathematics courses (e.g., college algebra and statistics). For 
example, two forms of acceleration were used by the FastStart Program 
at the Community College of Denver, wherein FastStart accelerated stu-
dents through the mathematics course sequence by allowing students to 
enroll in a developmental course concurrently with a college-level course. 
Results from 11 student cohorts who began developmental mathematics 
at various levels revealed encouraging outcomes on retention and credit 
accumulation (Bragg, Baker, and Puryear, 2010). Synthesizing the litera-
ture on acceleration, Edgecombe (2011) noted evidence of the impact of 
acceleration on developmental education is limited but promising based 
on evaluations of FastStart and other similar programs. 

Change of not only how mathematics is taught but also what is taught 
is also important for mathematics reformers. One of the most notable 
efforts in this regard are the Carnegie Foundation for Learning and the 
Dana	Center’s	Quantway™	and	Statway™	projects	(Carnegie	Foundation	
for the Advancement of Teaching, 2011a, 2001b) that are attempting to 
replace the normative pre-college mathematics courses with mathematics 
courses focused on quantitative literacy and statistics. Using an acceler-
ated	timeframe,	the	Quantway	and	Statway	projects	seek	to	prepare	stu-
dents	for	college	level	mathematics	instruction.	Quantway	and	Statway	
“enable developmental mathematics students in community colleges to 
complete a[n accelerated] credit-bearing, transferable mathematics course 
in one academic year while simultaneously building skills for long-term 
college success” (Cullinane and Treisman, 2010, p. 4). The Statway course 
sequence assists students to develop statistical literacy and engages them 
in mathematical reasoning using data, and it provides them with college 
credit in statistics. Cullinane and Treisman hypothesize that the adoption 
of a statistics sequence such as Statway will support many more students 
to engage in mathematical reasoning, especially when the curriculum is 
institutionalized from K-12 education and extended to the postsecond-
ary	level.	Quantway	is	similarly	focused	on	increasing	the	mathematical	
literacy of students who need to take pre-college mathematics by replac-
ing traditional textbook-based, procedural instruction with numerical 
reasoning	that	is	necessary	to	solve	real-world	problems.	The	Quantway 

pathway promotes an accelerated format, allowing students who place 
into elementary algebra to gain access to and move through a college-level 
quantitative reasoning course in one year.

Reform of instructional materials such as those associated with Stat-
way	 and	 Quantway	 address	 a	 disconcerting	 problem	 that	 Kays	 (2004),	
Mesa (2010), and others have noted in the literature: the reliance on 
textbooks to structure and guide classroom instruction of mathematics. 
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These studies demonstrate the ways classroom teaching that relies on 
procedural-based textbooks reinforce the memorization of procedural 
knowledge at the expense of quantitative reasoning. Many mathemat-
ics texts are also tied to the normative math course sequence, and tra-
ditional pedagogies associated with teaching the mainstay courses in 
that sequence (e.g., algebra, geometry, trigonometry, and calculus) pro-
vide a valuable backdrop for a discussion of the critical needs that lay 
ahead as two-year college mathematics educators delve more deeply 
into reform. These studies suggest that systemic reforms, including cur-
riculum, instruction, and instructional materials, are need to be pursued 
if mathematics education is to be responsive to the diversity of learners 
who seek the opportunity to pursue STEM-related programs of study in 
the two-year college.

RECOMMENDATIONS FOR FURTHER 
RESEARCH, POLICY, AND PRACTICE 

In spite of strident pursuit of standards-based reform of two-year 
college mathematics, implementation of reform of the mathematics cur-
riculum has been slow and uneven. National studies show more students 
are enrolling in two-year college mathematics, but a substantial portion of 
these enrollments are at the pre-college level, and many of these students 
never reach college-level mathematics. Thus, the STEM pipeline appears 
to be widening at the start, which is encouraging, but it also seems to nar-
row rapidly as students attempt to advance to college-level mathematics, 
a prerequisite to pursuing STEM programs of study and STEM-related 
careers. 

To facilitate the role that two-year mathematics can play in providing 
access to the STEM pipeline and preparing larger numbers of postsecond-
ary students, mathematics instruction needs to be sufficiently engaging 
and useful to support their interests and to assist them to make the com-
mitment necessary to pursue a STEM program of study. A whole host of 
issues need to be addressed with respect to two-year college mathematics 
and the preparation of students who seek subbaccalaureate credentials 
and who desire to transfer to universities in STEM fields. Specific rec-
ommendations for research, policy, and practice to support this goal are 
described below.

A systemic, P-20 approach is needed to reform mathematics cur-
riculum. Recommendations offered by a plethora of professional groups, 
including AMATYC and the Mathematics Association of American 
(MAA), and at different levels of the educational system are logical, rea-
sonable, and substantive, and equally importantly, they consistently argue 
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for a multi-level yet coordinated P-20 approach. Without such a strategic, 
collaborative endeavor, it will be difficult for two-year colleges that are 
caught between K-12 education and higher education to engage in reform, 
except in isolated ways. Given the national imperative to enhance the 
STEM pipeline, and the critical role that mathematics needs to play in that 
work, this recommendation may be the most important of all to emerge 
from the Summit on Realizing the Potential of Community Colleges as 
Pathways to STEM Education and Careers.

More research is needed to improve two-year college mathemat-
ics instruction. Although numerous pedagogical strategies are emerging 
that offer promise to change the way mathematics is taught at the two-
year college level, CBMS survey data confirm the prevalence of lecture-
led, teacher-centered instruction rather than the sorts of contextualized, 
problem- and project-based approaches that support quantitative literacy. 
Finding ways to support two-year college faculty to engage in profes-
sional development that reinforces innovative instructional reforms is 
important. Included in this list is the importance of helping faculty to 
adopt curriculum and instruction that draws upon students’ everyday 
life experiences in the workforce, their communities, and other aspects 
of their lives. Mathematics instructors also need to understand how to 
integrate technologies to deliver instruction in the classroom or from a 
distance. Moreover, mathematics instructors need to understand how col-
lege placement tests can either impede or advance students through the 
mathematics curriculum. Involving faculty in decisions about assessment 
may help them to understand how college placement testing impacts stu-
dent learning and ultimately, improves student outcomes.

More research is needed on the students who enroll in two-year col-
lege mathematics, especially college-level mathematics (college algebra 
and beyond), and how their experiences and performance in college-level 
mathematics courses influences subsequent enrollment, completion, and 
career decisions. Because two-year colleges are the gateway to postsecond-
ary education for diverse learners, these schools have an important role 
to creating pathways that prepare students to advance to higher levels of 
postsecondary education. More research is needed to support the study of 
mathematics pathways, other than the normative mathematics sequence, 
and to understand how students “develop the ‘habits of the mathematical 
mind’ that are required to be successful in mathematics and science and 
engineering and technology courses” (R. Blair, personal communication, 
December 8, 2011). Students need to know what these new mathematical 
pathways look like and how they lead to STEM careers, and they can-
not be expected to understand or navigate them on their own, without 
encouragement and support. Systemic change is needed to ensure that all 
students who have aspirations for STEM careers get the chance to learn 
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mathematics in ways that fully and respectfully support their goals. If 
the nation expects more women and minorities to participate in STEM 
programs of study, fulfilling this recommendation is essential.

More and better data are needed to support practitioner engagement 
in active research on mathematics education at the local level, where 
two-year college mathematics faculty and other stakeholders engage in 
the teaching and learning process. Beyond participating in training, many 
two-year faculty would appreciate and benefit from opportunities to 
engage in active research that encourages them to try out new pedagogi-
cal strategies in the classroom and determine how they impact student 
learning. The Equity Scorecard™ and Benchmarking projects of the Center 
for Urban Education at the University of Southern California provide 
valuable examples of ways that professional development of two-year 
college faculty can be integrated with action research to address equity 
issues for minority students who seek to participate in STEM programs 
(Baldwin et al., 2011). The Achieving the Dream initiative has established 
a strong track record of engaging practitioners in using data to improve 
pre-college mathematics (Rutschow et al., 2011). Lessons learned from this 
initiative and other newer ones, such as Pathways to Results in Illinois 
(Bragg and Bennett, 2011), offer the potential to improve two-year college 
mathematics and support student success in STEM programs of study.

SUPPLEMENTAL INFORMATION

Methods

This paper relies on existing literature available from a number of 
sources. Most importantly, academic databases were queried to identify 
peer-refereed articles as well as books, monographs, reports, papers, and 
conference presentations on two-year college mathematics. Databases 
included in this review were ERIC, EBSCO, Education Full-Text, JSTOR, 
Dissertation Abstracts, and Sociological Abstracts. In addition, Google and 
Google Scholar were queried to identify relevant documents and materi-
als that appear outside of the traditional scholarly databases. Searches of 
websites maintained by organizations known to research and publish on 
the topic of two-year college mathematics were conducted, including the 
National Center for Education Statistics, the National Science Foundation, 
the Community College Research Center at Teachers College, and Charles 
A. Dana Center at the University of Texas at Austin, the AMATYC web-
site, and others. Keywords used in these searches included the following 
words singularly and in combination with one another: math, mathemat-
ics, mathematics education, developmental, remedial, pre-college, alge-
bra, calculus, advanced mathematics, statistics, etc.
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Keywords used to understand how the scholarly literature situates 
two-year mathematics curriculum in the broader liberal arts and sciences 
context included the following: liberal arts and sciences, liberal arts, sci-
ence, STEM, STEM education, technology, technology education, engi-
neering, engineering education, technician education, etc. Also, to ensure 
that the full spectrum of literature on two-year colleges was included in 
this literature review, I used an extensive set of keywords to capture the 
institutional context, including the following: two-year college, commu-
nity college, technical college, and junior college. I also entered keywords 
related to four-year college and university, transfer, and articulation to 
determine whether literature was available to compare the two-year con-
text to the four-year context, including transfer.

In addition to the above methods, I reached out to several two-year 
college mathematics experts, including David Lutzer, Ellen Kirkman, 
and Rikki Blair, all authors of the Fall 2005 and/or Fall 2010 CBMS 
surveys. Rikki Blair also served as editor of the 2006 Beyond Crossroads 
report of AMATYC and was an especially thoughtful and gracious con-
tributor. I also sought guidance from several two-year college mathemat-
ics practitioners and colleagues at the University of Illinois, including 
George Reese, director of the Office of Mathematics, Science and Tech-
nology Education, and Catherine Kirby, assistant director of the Office of 
Community College Research and Leadership, who collaborated recently 
on a literature review on this same topic and brought numerous sources 
on two-year college mathematics to my attention. Finally, I offer my grati-
tude to Dr. Julia Makala, research specialist at the Office of Community 
College Research and Leadership, who offered a critical review that was 
invaluable to the final draft of this paper.
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EXECUTIVE SUMMARY

Two-year to four-year college and university transfer pathways in 
science, technology, engineering, and mathematics (STEM) fields are too 
narrow and must be expanded to meet the social and economic demand 
in the United States for a greater number and a more diverse membership 
of scientists, engineers, and technicians. Faculty members have a critical 
role to play in expanding STEM transfer pathways. The value of struc-
tural, informational, and policy solutions, such as state and institutional 
articulation agreements, transfer information websites, state longitudinal 
data bases, and the accountability reporting made possible by such data, 
should be strengthened through initiatives to change the “culture of sci-
ence” in ways that will foster culturally inclusive pedagogy and practices. 

Any form of cultural and deep-seated organizational change requires 
a concerted effort over an extended period of time. Such an effort requires 
thought leaders, strategic communications, dedicated “change agents,” 
and a growing perception that norms are changing for the good. Promi-
nent STEM scholars and educational leaders have recently provided a 
blueprint for change in comprehensive national reports, including the 
National Science Board’s Preparing the Next Generation of STEM Innovators: 
Identifying and Developing our National Human Capital and the National 
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Academies’ Expanding Underrepresented Minority Participation: America’s 
Science and Technology Talent at the Crossroads. 

The recommendations of these reports emphasize the need for greater 
access for all students to academic excellence in STEM and the necessity 
of improving talent assessment systems in order to identify currently 
overlooked abilities. Transfer admissions in general and in STEM in par-
ticular are particularly hampered by poor signaling of student talents 
and accomplishments because the quality of the community college cur-
riculum is viewed with suspicion by university and liberal arts faculty. 
To address this problem, the National Science Board’s recommendation 
to foster a supportive ecosystem is paramount. Creating a supportive 
ecosystem for transfer students requires the formulation of new incen-
tives and rewards for college faculty in all sectors as well as professional 
development in teaching, curriculum development, and collaboration. 
Such professional development activities will be well received if they are 
accorded prestige and allocated time and resources for the production of 
new knowledge through research, design experiments, and inquiry, which 
is the systematic use of data, reflection, and experimentation to improve 
professional practices. 

Taking into account the prestige associated with success in STEM fields 
and the generally separate nature of faculty networks in different sectors 
and disciplines, this report endorses the following recommendations:

(i)  Create Evidence-Based Innovation Consortia (EBICs), involv-
ing STEM faculty, deans, and department heads in geographic 
and market-based groupings of two-year and four-year colleges 
and universities to review, invent, experiment with, and evalu-
ate innovative curricula, pedagogies, and assessments of student 
talents and learning. 

(ii)  Devote institutional, private, and federal funds to STEM-specific 
work-study awards and transfer scholarships for transfer stu-
dents and charge EBICs with the recruitment and selection 
process.

(iii)  Develop a pool of eligible cohorts of students at community col-
leges through jointly administered two-year and four-year col-
lege learning communities and bridge programs, recruiting and 
retaining a diverse group of students using holistic admissions 
and assessment criteria developed through the EBICs. 

(iv)  Accord prestige to EBIC membership and the recipients of the 
transfer work-study awards and scholarships through high-
profile communications and selection procedures.
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CREATING MORE ROBUST STEM TRANSFER 
PATHWAYS: NATIONAL CONTEXT

No single data source provides a comprehensive estimate, but the 
available evidence suggests two-year to four-year college and university 
transfer in STEM fields is small relative to the need for a greater number 
of STEM-educated citizens, workers, and professionals in the United 
States. The barriers and potential solutions to increasing access through 
transfer to STEM bachelor’s and graduate degrees for transfer students 
are the subject of this report. This consideration takes place in a broader 
national context. In May 2010, as mentioned above, the National Science 
Board (NSB) issued its comprehensive report entitled Preparing the Next 
Generation of STEM Innovators: Identifying and Developing Our National 
Human Capital, and in 2011, the National Academies issued Expanding 
Underrepresented Minority Participation: America’s Science and Technology 
Talent at the Crossroads. The three keystone recommendations of the Next 
Generation report (National Science Board, 2010) and several of its policy 
actions deserve particular attention when examining the evolving rela-
tionships between community colleges and four-year colleges and univer-
sities for the purpose of broadening STEM transfer pathways. These are

(1)  NSB Keystone Recommendation #1: Provide opportunities for 
excellence

(2) NSB Keystone Recommendation #2: Cast a wide net
 (a) Policy Action: Improve talent assessment systems
 (b) Policy Action: Improve identification of overlooked abilities
(3) NSB Keystone Recommendation #3: Foster a supportive ecosystem
 (a)  Policy Action: Professional development for educators in STEM 

pedagogy

These particular recommendations and policy actions, excerpted from 
among others in the NSB’s Next Generation (2010) report, are highlighted 
here because the challenges of (1) providing quality science and math-
ematics teaching to all students (i.e., “opportunities for excellence”), (2) 
improving assessment and talent identification, and (3) creating support-
ive ecosystems through professional development for STEM educators are 
particularly central to the challenge of creating more robust STEM transfer 
pathways. They are also essential in light of the urgency articulated in 
the Crossroads report (National Academy of Sciences, National Academy 
of Engineering, and Institute of Medicine, 2011) to substantially increase 
the racial-ethnic diversity of participation in STEM fields. The dimen-
sions of these problems are cultural as well as structural; yet prevailing 
attempts to improve transfer, such as articulation agreements, curriculum 
alignment through common course numbering, and policies guaranteeing 
transfer of credits, have most often been structural. However, to improve 
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transfer in STEM, it will be necessary to consider the cultural character-
istics of STEM learning environments and those who have traditionally 
succeeded in them in formal educational systems in the United States. 

Before discussing the culture of science and how it pertains to the 
issue of the improvement of transfer access to STEM bachelor’s and grad-
uate degrees (see section III below), I first present statistics to provide 
a sense of the potential supply of STEM transfers and sources of data 
to estimate the number of transfers in STEM fields (section I). Then, I 
briefly review the barriers and potential solutions to improve transfer 
access from community colleges (section II). The report then concludes 
with discussion of recommendations to create Evidence-Based Innova-
tion Consortia (EBICs) as place- and market-based entities with a focus 
on improving STEM transfer pathways (section IV). 

I. POPULATION AND TRENDS IN THE NUMBER 
OF POTENTIAL STEM TRANSFER STUDENTS 

Data provided by the National Center for Education Statistics (NCES) 
include the total number of credential-seeking undergraduates, distin-
guishing those enrolled in subbaccalaureate programs from those enrolled 
in bachelor’s degree programs. In 2007-2008, the subbaccalaureate popu-
lation numbered 9,822,000, with 6,383,000 classified as enrolled in career 
education, 2,361,000 enrolled in academic education, and the remainder 
undeclared (National Center for Education Statistics, n.d.-b). Career edu-
cation includes some technical fields such as agricultural and natural 
resources, computer and information services, engineering, and health 
services, as well as non-STEM fields such as business management, com-
munication and design, and legal and social services. Vocational degrees 
such as cosmology and protective services are also included. Academic 
education includes general education courses in science and mathematics. 
These numbers represent students in public two-year colleges (commu-
nity colleges) and in for-profit, proprietary colleges combined. In the very 
broadest terms, these nearly 10 million students represent the total poten-
tial pool of transfer students. In Fall 2008, the count of students enrolled 
in community colleges for credit numbered 7.4 million (Mullin, 2011). 

However, many of these students are strictly seeking vocational train-
ing, do not aspire to transfer, and earn certificates in short-term programs 
rather than associate’s degrees (Mullin, 2011). The growing interest in 
applied baccalaureate degrees (Ruud and Bragg, 2011) notwithstanding, 
the nearly two-to-one ratio of students in career education versus aca-
demic education reflected in the figures above indicates that the majority 
of students enrolled at the subbaccalaureate level are earning credits in 
vocational courses that would not count toward a bachelor’s degree. 
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The American Association of Community Colleges reports on degrees 
awarded by public two-year institutions. In 2009-2010, approximately 
one million degrees and certificates were awarded, including 630,000 
associate’s degrees (Mullin, 2011, p. 6). Of these, 40 percent were classi-
fied as degrees in the liberal arts and sciences or humanities, which align 
with a general education focus within a transfer-directed curriculum. 
The number of associate’s degrees awarded by community colleges rep-
resents an overall increase of 86 percent from two decades earlier, but 
growth rates were much higher for Hispanics (383%), blacks (204%), and 
Asian-Pacific Islanders (APIs, 230%) (Mullin, 2011, pp. 17-18). Currently, 
Hispanics, American Indians and Alaska Natives, and African Americans 
all earn associate’s degrees at higher rates than white and Asian-Pacific 
Islander students. For example, in 2007-2008, 36 percent of degrees earned 
by Hispanics and 30 percent earned by blacks were associate’s degrees, 
compared to 23 percent for whites and 19 percent for APIs. Conversely, 
bachelor’s degree completion rates were lower, with only 11 percent of 
Hispanics in the 25-29 year age group having at least a bachelor’s in 
2008 and 17 percent of blacks. These figures compare with 33 percent 
of whites and 60 percent of APIs in the same age group (Aud, Fox, and 
KewalRamani, 2010). NCES (2011) reports that 14.4 percent of all students 
who began their studies in public two-year institutions earned an associ-
ate’s degree within the six-year period of 2004-2009. 

Certificates were awarded at community colleges for programs rang-
ing from less than one year to four years in duration. The increase in 
certificates was much greater than the growth in associate’s degrees, 
growing 776 percent and 338 percent for Hispanic and black students, 
respectively (Mullin, 2011, pp. 17-18). This trend mirrors the increases in 
degrees and certificates awarded by for-profit postsecondary institutions, 
which has been the fastest growing sector of higher education over the 
past decade, with enrollments doubling from 192,000 to 385,000 from 2000 
to 2009 (National Center for Education Statistics, 2011). These numbers 
are significant because they show a shift in demand for subbaccalaureate 
education away from community colleges toward the for-profit sector. 
Some attribute the rise of the for-profit sector to the inability of public 
colleges to meet the demand for higher education (Lee and Ranson, 2011). 
A notable part of the changing STEM education landscape is the growing 
number of students earning associate’s degrees at for-profit institutions 
and the growth in the number of short-term certificates awarded in both 
sectors. Data from the NCES indicate that nationally the most popular 
STEM-related career education fields of study at the associate’s degree 
level in 2007-2008 were health sciences, enrolling 1,627,000 students (and 
21% of the total); engineering and architecture, enrolling 396,000 (6.7%); 
computer and information services, enrolling 336,000 (3.8%); and agri-
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culture and natural resources, enrolling 50,000 (.7%) (National Center for 
Education Statistics, n.d.-c). The number of associate’s degrees awarded 
in the health sciences in 2008-2009 represents a 77 percent increase over 
1998-1999. Computer and information sciences also saw overall growth of 
nearly 34 percent during that time period, but nevertheless experienced 
a loss of 27 percent in the number of degrees awarded to women. Engi-
neering and engineering technologies experienced a decline in degrees 
awarded of nearly 8 percent for men and women combined, but of 24 
percent for women (National Center for Education Statistics, n.d.-a). Agri-
culture and natural resource fields experienced a decline among both men 
and women, with a nearly 14 percent loss overall. These trends mirror 
declining proportions of women in engineering and computer sciences at 
the bachelor’s degree level (National Science Foundation, 2011). 

Hardy and Katsinas (2010) investigated a longer period of time by 
analyzing institutional data captured by the annual snapshot of higher 
education in the Integrated Postsecondary Education Data System 
(IPEDS). They compared the number of associate’s degrees awarded over 
three decades (1985–1986, 1995–1996, and 2005–2006), focusing on broad 
STEM codes including engineering, engineering technologies/techni-
cians, biological and biological sciences, mathematics and statistics, physi-
cal sciences, and science technologies/technicians. The article focuses on 
gender, in particular, and shows that although the overall number of asso-
ciate’s degrees awarded in STEM is increasing, the percentage awarded 
to women is not. 

Contested but Inadequate Transfer Rates

The estimation of transfer rates is contested (Horn and Lew, n.d.). 
Depending on how broad or restrictive the denominator is, the deter-
mination of who “counts” in estimating the rate and the length of time 
allowed for transfer to take place, transfer rates vary widely. A broad-
based national estimate of the proportion of community college stu-
dents who transfer to a four-year institution is 25 percent (Melguizo 
and Dowd, 2009). However, this number varies by state, socioeconomic 
status (SES), and students’ demographic characteristics. Students from 
higher SES households are more likely to transfer than those from lower 
SES households, with a difference of 45 percentage points between the 10 
percent transfer rate for low-SES students and the high end at 55 percent 
(Dougherty and Kienzl, 2006). Using a broad denominator of Latinos 
entering community colleges in California, Ornelas and Solorzano (2004) 
report an analysis of California Postsecondary Education Commission 
(CPEC) data indicating that only 3.4 percent of Latinos transfer to a Cali-
fornia four-year public institution. 
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Another point of contention is whether transfer students experience a 
penalty in their pursuit of a bachelor’s degree from starting at a commu-
nity college. Utilizing statistical models to compare students of equivalent 
characteristics and qualifications, some find that there is a “diversion 
effect” (e.g., Cabrera, Burkum, and La Nasa, in press), by which transfer 
students become diverted from bachelor’s degree attainment. Others find 
a “democratization effect,” meaning that the open access community col-
lege ultimately democratizes access by providing an effective pathway to 
the bachelor’s degree (Melguizo and Dowd, 2009). 

Arbona and Nora (2007), analyzing National Longitudinal Educa-
tional Survey data of a sample initially collected in 1988 (NELS: 88), found 
that among those Latino students who first attended a community college, 
only 7 percent had obtained at least a bachelor’s degree by 2000. Similarly, 
an estimate obtained from the Beginning Postsecondary Students Longi-
tudinal Study (BPS:96/01) showed that although 25 percent of Hispanic 
students who attended a two-year college initially intended to transfer to 
a four-year institution and obtain a bachelor’s degree, six years after first 
enrolling in community colleges only 6 percent had been awarded a bach-
elor’s degree (Hoachlander, Sidora, and Horn, 2003). Notwithstanding 
these debates, few analyses conclude that transfer rates are high enough 
to fulfill the potential of community colleges to provide first generation, 
low-income, and underrepresented racial-ethnic minority group students 
with a satisfactory chance of earning a bachelor’s degree. 

An Initial Profile: Latina and Latino STEM 
Bachelor’s Degree Holders Who Transferred

None of the studies and reports above provides estimates of the num-
bers of community college transfer students in STEM fields, revealing that 
further research is needed to produce such estimates. In this subsection, 
I present a brief profile of Latina and Latino STEM transfers based on a 
study conducted by the Center for Urban Education at USC with fund-
ing from the National Science Foundation to begin to fill this research 
gap. Transfer is of particular importance for increasing Latina and Latino 
participation in STEM because Latinas and Latinos are disproportionately 
enrolled in community colleges (Adelman, 2005), particularly in populous 
states with growing Latino populations, such as California, Florida, and 
Texas. Estimates vary, but roughly 60 percent of Latino students enrolled 
in postsecondary education attend a community college (Arbona and 
Nora, 2007; Snyder, Tan, and Hoffman, 2006). 

Expanded transfer access is necessary because although Hispanic 
participation in STEM fields has risen, it has not kept pace with His-
panic population growth. Growth in the number of bachelor’s degrees 
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awarded to Hispanic students has occurred primarily in nonscience and 
engineering fields. From 1998 to 2007, there was a 64 percent increase in 
the number of nonscience and engineering bachelor’s degrees awarded 
to Hispanic students, as compared to an increase of only 50 percent in 
science and engineering degrees awarded to Hispanic students. Further, 
the proportion of STEM doctoral degrees awarded to Hispanic students 
(estimated at less than 5 percent) severely lags the proportion of Hispanics 
in the U.S. population (around 15%).

Analyses conducted by Lindsey Malcom (2008a) and Alicia Dowd 
(Dowd, Malcom, and Macias, 2010) of the NSF’s National Survey of 
Recent College Graduates (NSRCG:2003) present a portrait of the fields 
of study of Latina and Latino STEM1 bachelor’s degree holders who 
transferred from community colleges with associate’s degrees, based on 
a sample of students who earned bachelor’s degree in 2003. The analyses 
examine the fields of study in which Latino STEM bachelor’s degree hold-
ers earned their degrees, comparing degrees awarded at Hispanic-Serving 
Institutions (HSIs) and those at non-HSIs. 

Degrees awarded at HSIs (which are defined by enrollment of His-
panic students equal to or exceeding 25% of full-time students) and non-
HSIs were differentiated because only 10 percent of institutions in the 
United States enroll the majority (54%) of Latino undergraduates (Horn, 
2006). HSIs tend to be less selective nonresearch colleges and universi-
ties. Traditionally they have received less federal funding than research 
universities and selective institutions. Although nearly 40 percent of bach-
elor’s degrees awarded to Latinas and Latinos in all fields of study are 
granted by HSIs (Santiago, 2006), that figure shrinks to 20 percent when 
the analysis is limited to STEM degrees (Malcom, 2008a; Malcom, Dowd, 
and Yu, 2010). This indicates that HSIs do not do as well at retaining Lati-
nos in STEM fields as in other fields. 

Our analysis of the NSCRG data, in which transfer students were 
defined as those who had first earned an associate’s degree, showed that 
most transfer students who ultimately earn bachelor’s degrees in STEM 
fields major in the social and behavioral sciences. This is true at HSIs, 
where these majors account for 60 percent of STEM baccalaureates, as well 
as at non-HSIs, where the share is 70 percent. There is one critical area of 
study in which HSIs graduate a substantially larger percentage of STEM 
transfers than non-HSIs. Of Latino STEM baccalaureates who gradu-
ate from HSIs, 18 percent earn their degrees in computer science and 
mathematics compared with only 5 percent of STEM transfer graduates 

1The definition of STEM fields employed by the National Science Foundation includes 
computer science, mathematics, life sciences, physical sciences, behavioral and social sci-
ences, and health-related fields. 
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at non-HSIs. On the other hand, HSIs appear to be lagging behind non-
HSIs in terms of awarding bachelor’s degrees to Latinos in the biological, 
agricultural, and environmental sciences (3% as opposed to 11%) and in 
engineering (1% as opposed to 7%). 

These statistics present a portrait of Latino STEM transfer in which 
we see that (1) transfer pathways from community colleges are narrow; 
(2) the majority of degree holders who earned an associate’s degree before 
earning a bachelor’s degree in STEM earned their degrees in social and 
behavioral sciences, rather than in computer science, mathematics, bio-
logical, agricultural, and environmental sciences, engineering, physical 
science, or in fields designated as science and engineering related; (3) 
Latino students had a better chance of earning a STEM degree outside 
of the social and behavioral sciences if they did not earn an associate’s 
degree first. These figures would change if we used a different definition 
of transfer students (for example, those who transferred after the equiva-
lent of one year of study, or 30 credits), but they illustrate that certain 
pathways to STEM bachelor’s degrees are not as readily accessible for 
students who start out in community colleges. 

Clearly, similar portraits must be created for other groups of students. 
However, given that HSIs are typically nonselective four-year institutions 
and that Latino students are the fastest growing demographic group, this 
portrait of Latino transfer in STEM provides a good starting point for 
gaining an understanding that STEM transfer pathways are not nearly as 
robust as they need to be. Latino community college transfers who first 
earn associate’s degrees have lower access to STEM bachelor’s degrees 
at academically selective and private universities than their counterparts 
who do not earn an associate’s degree prior to the bachelor’s. Available 
studies of transfer trends, in which the analyses were not restricted to 
STEM fields or to Latinos, suggest that transfer has become more lim-
ited to selective institutions while fluctuating and leveling off in non-
selective institutions during the 1980s and 1990s (Dowd, 2010; Dowd and 
Melguizo, 2008; Dowd et al., 2006). These results are not based on the 
most current data, but the forces that likely diminished transfer during 
those decades are still active today, including intensive demand for elite 
education that make transfer applicants less attractive to selective institu-
tions (Dowd, Cheslock, and Melguizo, 2008). The loss of transfer access 
to selective institutions is of concern in regard to STEM graduate degree 
production because the competitive, “top 100” STEM research universi-
ties are the main gateways to STEM doctoral and professional degrees. 
As long as selective institutions restrict transfer access, the challenge of 
creating more robust transfer pathways in STEM for community college 
students will fall largely to nonselective institutions.
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Generating Portraits of Transfer in STEM for Other Groups

How would the figures presented above change if the focal group of 
interest changed from Latina and Latino students to white and Asian stu-
dents or to African Americans, Native Americans, women, students with 
disabilities, or other underrepresented groups? Replicating the results 
presented above for other groups of interest using the NSRCG data would 
be one way to answer this question. Arbona and Nora (2007) have ana-
lyzed the NELS database to examine transfer of Latino students; other 
researchers might conduct similar analyses, although they might encoun-
ter difficulties in estimation due to small sample sizes. 

Wang (2011) has valuably proposed to examine transfer pathways 
in the new Educational Longitudinal Study (ELS) data, which will pro-
vide more current estimates disaggregated by a variety of demographic 
groups of interest. The ELS monitors a nationally representative cohort of 
students in their sophomore year of high school. In 2006, data about this 
sample were collected regarding the colleges the students applied to, the 
financial aid they received, and their postsecondary enrollment, among 
other information. In 2012, members of the cohort will be interviewed 
again to learn about their outcomes, including persistence and experience 
in higher education, and/or transitions into the labor market. Another, 
more specialized dataset may be especially useful for examining student 
pathways to and within engineering. The MIDFIELD database is a lon-
gitudinal database containing information from 11 public institutions for 
226,221 students that have ever declared engineering as a major from 1988 
through 2009. It includes data regarding student behaviors, including the 
majors they change to, and the major students subsequently graduate in. 
It contains student demographic information, history of courses taken, 
and grades received, as well as degrees awarded. Consequently, this data-
set is a resource for mapping the types of paths students take after matric-
ulating in engineering. It holds potential use for studying choices taken by 
students leaving engineering, and whether this group disproportionately 
comprises members of underrepresented student populations. In addition 
to information on first-time students admitted to college engineering pro-
grams, the MIDFIELD database also includes information regarding the 
pathways of transfer students who are admitted to engineering programs. 

II. STRUCTURAL BARRIERS TO STEM TRANSFER 
AND PROMINENT SOLUTION STRATEGIES

Before moving into a discussion of cultural barriers to STEM transfer, 
it is important to acknowledge structural barriers to transfer and take 
stock of the most prominent contemporary strategies to broaden trans-
fer pathways. The primary curricular barriers are lack of articulation of 
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coursework in the two-year and four-year sectors; lengthy remedial, basic 
skills course sequences (particularly in mathematics); and the separa-
tion of special programs from the core curriculum. Challenges students 
encounter in financial aid and advising include “sticker shock” when 
contemplating four-year college and university prices, lack of information 
about the multiple sources of financial aid, poor access to counselors, and 
the lack of participation of faculty members in transfer advising. 

Transfer and Articulation Policies Are Insufficient 
to Improve STEM Transfer Access

The goal of establishing curriculum “articulation” and alignment 
between the community college and four-year college and university cur-
ricula has been a policy focus for several decades. Although Zinser and 
Hanssen (2006), based on an analysis of national data from the Advanced 
Technological Education (ATE) program, conclude that articulation agree-
ments for the transfer of two-year technical degrees to baccalaureate 
degrees are valuable, other analyses of secondary databases indicate 
that state-level articulation agreements have statistically insignificant 
effects on the likelihood that community college students will transfer 
(Anderson, Alfonso, and Sun, 2006; Anderson, Sun, and Alfonso, 2006; 
Kienzl, Wesaw, and Kumar, 2011). 

These results indicate that articulation agreements are not likely to be 
effective on their own in substantially broadening STEM transfer path-
ways. California’s recent experience in the early stages of implementing 
a guaranteed transfer degree, legislated in Fall 2011, illustrates some of 
the challenges in state policies intended to improve curriculum alignment. 
The new law stipulates that community colleges offer associate’s degrees 
for transfer that the California State University (CSU) campuses would be 
obliged to accept. The mandated degree is 60 credits, including 18 credits 
in an area of academic focus that should provide a transfer student access 
to a similar major field of study at the university. The adoption of this law 
led to a process of negotiations between community college and univer-
sity curriculum committees to identify articulated degree programs. By 
December of 2011, 16 associate’s degrees were approved for transfer and 
priority admissions, but only two of these were in STEM fields (math-
ematics and physics) and about a third of the CSU campuses had yet to 
confirm availability of a matching degree program in those fields. 

States have had varying success in using postsecondary policy to 
improve transfer pathways in STEM. Malcom (2008a, 2008b) illustrated 
this through analysis of the share of Latina and Latino STEM baccalaure-
ates in NSF’s 2003 National Survey of Recent College Graduates (NSRCG) 
who earned associate degrees. Examining the five states with the larg-
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est populations of Latinos—California, Florida, Illinois, New York, and 
Texas—she found that nearly half of all Latinos in Florida who were 
awarded a STEM bachelor’s degree had also earned an associate’s degree. 
This represents a much greater reliance on community colleges for STEM 
degree production in Florida, which has strong statewide articulation 
policies, than elsewhere. In New York, California, and Illinois, the share 
of Latino STEM bachelor’s degree holders who had first earned associ-
ate’s degrees (27.9%, 22.2%, and 16.3%, respectively) was closer to the 
national average of 20 percent. The proportion in states other than these 
five, which would include states with smaller community college systems, 
was considerably lower, at 9.2 percent.

The Substantial Challenge of Developmental 
Education in Mathematics

There is a growing recognition of the need to improve the teaching of 
foundational mathematics to young adults and adults in order to improve 
the persistence, degree completion, and transfer of community college 
students (Attewell et al., 2006; Bailey and Morest, 2006; Dowd, 2008; 
Grubb et al., 2011; Kirst, 2007; Levin and Calcagno, 2008). Many com-
munity college students are placed in classes, typically in mathematics, 
English, or writing, that do not carry credit towards an associate degree or 
bachelor’s degree. These courses are referred to as remedial, basic skills, 
or developmental. Nationally, 42 percent of students enrolled in public 
two-year institutions in 2007–2008 took at least one remedial course, a 
share that is higher than in any other postsecondary sector. Eight percent 
of students required two remedial courses and 5 percent required three 
(Aud, Fox, and KewalRamani, 2011). Mathematics is the most common 
subject in which students require remediation, with national estimates 
hovering around 50 percent (Bahr, 2010; Parsad, Lewis, and Greene, 2003). 
Remedial testing and the long basic skills curriculum have disparate 
impacts on African Americans and Latinos, who are more likely to be 
placed in remedial courses and less likely to complete them success-
fully (Aud, Fox, and KewalRamani, 2011). By some national estimates, 
approximately half of black and Hispanic community college students 
earn remedial credits in mathematics (Bahr, 2010). In California, where 
the sheer size of the community college sector, with its 110 colleges, drives 
attention to community college issues, some estimate that 80 to 90 percent 
of students require remediation, with math being the greatest area of need 
(Grubb et al., 2011).

These statistics indicate that the challenge of remedial education is 
not unique to community colleges. However, the need for remediation 
and the often lengthy, skills-based remedial curriculum impedes students’ 
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ability to transfer or even contemplate transfer, as the lengthy time frame 
is discouraging. Students who test and are placed in courses such as arith-
metic and pre-algebra, as well as remedial writing or English language 
courses, can face several semesters, or even years, of coursework that 
does not count for transfer to a four-year institution. Two recent studies 
from California are informative to illustrate the magnitude of the demand 
and the racial-ethnic equity implications of remedial education in com-
munity colleges. Hagedorn and colleagues (Hagedorn and DuBray, 2010; 
Melguizo, Hagedorn, and Cypers, 2008), analyzed transcripts of more 
than 5,000 students enrolled in the Los Angeles Community College Dis-
trict (LACCD) and examined basic skills mathematics course placements 
and completion. Over a third of students who had declared a STEM focus 
for their studies were initially placed in the lowest level course. Seventy-
five percent of students were able to pass their first course on their first 
attempt. However, African American students were less likely to pass 
on the first attempt and both African American and Hispanic students 
emerged with lower mathematics GPAs. Mathematics appeared to pose a 
particular challenge; for example, African American students had equal 
rates of success to other student groups in science courses. 

These results from Los Angeles are mirrored in California as a whole. 
Analyzing data from the California Community College Chancellor’s 
Office for the Fall 2005 cohort, Bahr (2010) found that black and Hispanic 
students were disproportionately enrolled in mathematics basic skills 
courses and experienced low rates of successful remediation. His findings 
indicate that the rates of successful remediation in mathematics ranged 
from one-quarter to one-third of white and Asian students, in compari-
son to one-fifth of Hispanic and one-ninth of black students (Bahr, 2010, 
p. 232). 

The equity implications of the remedial education challenge are evi-
dent given that lower income and underserved racial-ethnic minority stu-
dents are less likely to receive adequate mathematics preparation in high 
school (Attewell et al., 2006; Bahr, 2010; Dowd, 2008) and less able to bear 
the opportunity costs of time spent in remediation (Melguizo, Hagedorn, 
and Cypers, 2008). Further, more affluent students can avoid strict reme-
dial policies in the public sector by enrolling in private colleges and 
universities, where they receive stronger academic support to progress 
from remedial to degree-credit coursework. In addition, the reliability and 
validity of the placement tests have been questioned (Attewell et al., 2006; 
Brown and Niemi, 2007; Hughes and Scott-Clayton, 2011), in part because 
students with similar levels of academic preparation and test results can 
experience very different course placements, depending on their state of 
residence and their choice of institution within the same state. 

Finally, it is not clear that students who are placed in remedial courses 
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achieve better academic outcomes, in terms of persistence and credit 
accumulation, when compared with similarly qualified students who 
were not placed in developmental courses, because the available quasi-
experimental evidence is mixed (Hughes and Scott-Clayton, 2011). All the 
available evidence indicates that the demand for mathematics basic skills 
education is substantial and that the current curriculum and instructional 
methods are not up to the task. The goal of improving transfer access to 
STEM degrees, therefore, is intertwined with the need to improve basic 
skills mathematics education.

Curricular and Programmatic Barriers and Potential Reforms 

Educational researchers have conducted numerous case studies of 
transfer involving particular groups of students or institutions (Bensimon 
and Dowd, 2009; Bensimon et al., 2007; Cejda, 1998, 2000; Gabbard et al., 
2006; Laanan, 1996; Lester, 2010; Ornelas and Solorzano, 2004; Townsend 
and Wilson, 2006). Common themes in the findings identify institutional 
barriers to transfer such as lack of information, confusing transfer curricu-
lum requirements, the demands of remedial education (as noted above), 
and the struggle many students face becoming acclimated to a new cam-
pus environment at the four-year institution. Many students who transfer 
experience a “border crossing” (Bensimon and Dowd, 2009; Pak et al., 
2006) that produces “transfer shock” (Laanan, 2003). In consideration of 
these challenges, these studies have highlighted a number of prominent 
solution strategies including summer bridge programs, student cohorts 
of learning communities, more robust faculty advising, various types 
of mentoring, and institutional self-studies of transfer to create a more 
“transfer-amenable” culture (Dowd et al., 2006). 

Similarly, researchers have examined the impacts of the STEM cur-
riculum and learning environments on student recruitment and retention 
in STEM fields, often with a focus on understanding the disproportion-
ate loss of women and underrepresented racial-ethnic minority students 
from STEM majors at four-year institutions (Aguirre, 2009; Carlone, 2007; 
Cole and Espinoza, 2008; Crisp, Nora, and Taggart, 2009; Fries-Britt, 1998; 
Howard-Hamilton et al., 2009; Hurtado et al., 2007, 2009, 2010, 2011; 
Johnson, 2007; Jones, Barlow, and Villarejo, 2010; McGee and Martin, 
2011; Seymour and Hewitt, 1997; Strenta et al., 1994). These case studies 
characterize concepts such as the culture of science, the notion of a science 
identity, and the factors that contribute to a sense of belonging or margin-
alization in STEM classes, majors, and programs. The finding that science 
and mathematics courses too often function as “weed out” or “gate-
keeper” classes that turn students away from STEM majors is a prominent 
one. Related themes included the emphasis on rigor over instructional 
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support, the demoralizing impact of grading on a curve, stressful and 
competitive learning environments, and an emphasis on memorization 
and facts over learning, contextualized problem solving, and application. 
Enabling students to develop a sense of belonging through faculty and 
peer interactions in authentic learning activities, particularly research, 
emerges from these studies as an essential ingredient for STEM reform. 
The best known and most commonly used innovations that have been 
developed to address these concerns include various types of active learn-
ing and design projects, service learning, bridge programs, learning com-
munities, and other approaches to integrating interdisciplinary curricula 
(Borrego, Froyd, and Hall, 2010; Henderson, Beach, and Finkelstein, 2011; 
Vanasupa, Stolk, and Herter, 2009). The need to increase faculty diversity 
is acknowledged, as is the limited progress in that direction (Stanton-
Salazar et al., 2010).

Concerned with the large number of students enrolled in remedial 
mathematics classes, a special strand of the STEM education literature 
is focused on developmental education in community colleges. This lit-
erature highlights the inadequacies of current practices relative to the 
scale and complexity of the problem. The prevalence of decontextual-
ized, skills-based instruction and the extended length of the mathematics 
remedial pathway are often emphasized. Emerging curricular strategies 
for improved outcomes (in mathematics as well as writing and English 
language instruction) include placing students in learning communities 
(Weissman et al., 2011) and implementation of various types of “accel-
eration” or curricular redesign models, which compress or modular-
ize the curriculum to the essential skills that students need to succeed 
in their degree-credit courses. Enhanced instructional supports in the 
form of tutoring, technology-assisted learning, supplemental instruction, 
intensive advising, and student success courses have also received atten-
tion as potential remedies. Another strand of instructional intervention 
focuses on faculty development through inquiry, data-informed decision 
making, and institutional self-assessments (Carnegie Foundation for the 
Advancement of Teaching, 2008). Policy interventions include allowing 
dual enrollment in high school and college courses and state testing to 
assess students’ college-readiness early enough in their high school years 
to inform students that they need to increase their level of academic pre-
paredness (Bragg, 2011; Packard, 2011; Rutschow and Schneider, 2011).

A smaller number of studies has specifically examined the transfer 
experience for STEM students (Malcom, 2008a; Packard et al., 2011; Reyes, 
2011; Stanton-Salazar et al., 2010). Bensimon, Dowd, and colleagues exam-
ined STEM transfer pathways from community colleges to public uni-
versities with the formal designation of Hispanic Serving Institutions 
(HSIs) (Dowd, Malcom, and Bensimon, 2009; Stanton-Salazar et al., 2010). 
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Through a case study involving 90 faculty, administrators, and counselors 
at three universities and three “feeder” community colleges selected as 
potential exemplars of good practice, they interviewed individuals who 
had active roles in transfer or STEM transfer programs. The respondents 
described and shared data showing programs intensively focused on a 
small number of Hispanic students relative to the entire Hispanic student 
body at these institutions. As often as not, respondents worked in isola-
tion and were not part of robust networks of faculty and administrators 
engaged in changing the STEM curriculum. For some, the isolated nature 
of the work led to a sense that the goal of improving Hispanic student 
participation and degree completion in STEM fields was not supported 
by the college leadership. These results highlight the concern that spe-
cial programs are not adequate to the task of substantially increasing 
the number of Hispanic students being awarded STEM degrees and the 
“institutional agents” who work to change the culture of STEM are too 
few in number to have a systemic impact. 

Similarly, Packard (see Appendix B, this volume) emphasizes the 
importance of faculty mentoring, networks, and advising to encourage 
women to transfer in STEM fields (see also Packard, 2011). She also found 
evidence of the value of family and peer academic support. Financial con-
straints placed stress on many of the 30 women in her sample, two-thirds 
of whom were first-generation college students and one-quarter were 
members of racial-ethnic minority groups. As in other studies that have 
documented the experience of “transfer shock,” these transfer students 
were initially set back by the much quicker pace and rigor of the bacca-
laureate coursework, especially given that the level of academic support 
was also lower. 

The body of literature focusing specifically on transfer in STEM is not 
robust enough to substantiate conclusions about the unique program-
matic features that are necessary to design effective STEM transfer path-
ways. However, the intersections in the literature on “choosing and leav-
ing” STEM (Strenta et al., 1994) and the literature on the supports needed 
for successful transfer suggest that undergraduate research and summer 
or supplementary bridge programs involving contextualized and active 
learning are of particular importance. These programs bring students 
into meaningful relationships with faculty, helping students to develop 
a science identity and sense of belonging. They also provide a chance for 
students to see how science is meaningful to their own lives and commu-
nities, a factor that is thought to have particular salience for students from 
underrepresented racial-ethnic minority groups because the STEM faculty 
and workforce lack role models and mentors with similar backgrounds. 
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Community College Student Concerns About 
the Affordability of Higher Degrees

Community college students are often first-generation students from 
low-income households (National Center for Education Statistics, 2011, 
Table 8). Most work either full- or part-time (National Center for Educa-
tion Statistics, 2011, Table 7). For many, concerns about the affordability 
of enrolling in a four-year institution cast doubt on the feasibility of trans-
fer (Bensimon and Dowd, 2009; Malcom, 2008a; Ornelas and Solorzano, 
2004; Packard et al., 2011). In part, this is due to poor quality financial aid 
advising and misperceptions of the net price of study at the baccalaureate 
level once various forms of financial aid are factored in. However, it also 
reflects a pragmatic outlook and a desire to avoid taking on undergradu-
ate loan debt that they might be unable to pay in the event they do not 
earn a degree. While students in community colleges and in four-year 
colleges receive Pell grants (National Center for Education Statistics, 2011, 
Table 2) and take out loans at similar rates, on average, the amount bor-
rowed by bachelor’s degree recipients who started out in public two-year 
institutions exceeds the amount borrowed by those who started at public 
four-year institutions (Cataldi et al., 2011, Table 4). In addition, those 
who start in community colleges have a lower likelihood of earning a 
bachelor’s degree and a higher risk of default (Dowd and Coury, 2006). 
Data reflecting the period from 2004 to 2009 show that only 19.5 percent 
of 38 percent of STEM students2 who begin their studies at public two-
year institutions attain a degree or certificate within six years (National 
Center for Education Statistics, 2011, Table 7). For those who do complete 
a bachelor’s, the time to degree (and opportunity costs for earning and 
career advancement) is longer (National Center for Education Statistics, 
2011, Table 3). 

Specifically in regard to STEM, Malcom and Dowd (2012), analyzing 
NSF’s NSRCG data, found that cumulative undergraduate debt among 
STEM bachelor’s degree holders (measured in relative terms in compari-
son with the typical amount of debt at the graduate’s institution) had a 
negative effect on graduate school enrollment right after college among 
STEM bachelor’s degree holders. Focusing on Hispanic students, they 
also found that STEM transfer students were more likely to use “self-
support” financing strategies, where they used a mix of grants, loans, 
and earnings, and employer support. This financing profile is consistent 
with the funding strategies of older, first-generation, and lower-income 
students who cannot take advantage of parental contributions or loans 

2Includes life sciences, physical sciences, mathematics, computer and information sciences, 
and engineering and engineering technologies.
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(Malcom, Dowd, and Yu, 2010). The available evidence suggests that 
affordability is a concern for potential STEM transfers, that working off 
campus may detract from a focus on coursework (National Academy of 
Sciences, National Academy of Engineering, and Institute of Medicine, 
2011), and that aspirations for professional and doctoral degree attain-
ment are dampened due to concerns about debt.

III. PRESTIGE AND THE CULTURE OF SCIENCE

Engineering, the sciences, whether physical, biological or techni-
cal, and computing all require mathematical knowledge, reasoning, and 
skills. These are fields in which epistemic knowledge, which is to say 
knowledge viewed as objective, rational, and value-neutral, is highly val-
ued (Greenwood and Levin, 2005; Polkinghorne, 2004). Academic disci-
plines have distinctive cultures and norms (Becher, 1989), in part derived 
from epistemological paradigms. In academic typologies, STEM fields 
are considered “hard-pure” (e.g., mathematics and physics) or “hard 
applied” fields (e.g., engineering), in contrast to “soft-applied” fields (e.g., 
education and social work) at the other end of the continuum (Austin, 
1990). In the hard-pure sciences “knowledge is cumulative and the goals 
are discovery, explanation, identification of universals, and simplifica-
tion” (Austin, 1990, p. 64). The hard-applied fields apply such universal 
knowledge through various forms of engineering, research, and techni-
cal design. Despite the fact that engineering, for example, is inherently 
concerned with social contexts and the public good, these aspects of the 
engineer’s professional responsibilities and identity have become dimin-
ished in modern society (Vanasupa, Stolk, and Herter, 2009).

The abstract and generalized truths of hard-pure fields are produced 
through certain ways of knowing, learning, and thinking, which are called 
“rational.” Success in STEM fields holds prestige in ways that success in 
other fields does not, because rational knowledge is currently accorded 
status in U.S. society as an elevated form of knowledge held by experts 
(Polkinghorne, 2004). Scientists, engineers, and mathematicians, therefore, 
have a strong identity as rational thinkers. They are also acknowledged 
survivors or victors who have prevailed in competitive learning environ-
ments where producing correct answers and earning high grades are 
valued. The importance of persistence in the face of repeated error in 
the inevitable trial and error of scientific research is less clearly acknowl-
edged. Scientific identities are forged in a distinctive “culture of science,” 
with its “gatekeeper” courses and competitive grading (Hurtado et al., 
2011). The science culture also promotes ongoing reidentification and 
association with the scientific community (Austin, 1990; Bergquist and 
Pawlak, 2008).
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It is important to recognize that when scientists, mathematicians, 
and engineers are asked to invest their professional energies in develop-
ing new pedagogies, teaching strategies, and curricula, or to engage in 
inquiry about the effectiveness of their educational practices, they are 
being asked to elevate their attention to those aspects of their professional 
knowledge that are typically accorded less prestige. Education, like social 
work and counseling, is a soft-applied field, where “knowledge is holistic, 
and the emphasis is on understanding, interpretation, and particulars” 
(Austin, 1990, p. 64). In fact, expertise in these fields is defined by one’s 
ability to draw on an extensive repertoire of “particularized” cases and 
unconsciously select appropriate responses to meet the needs of stu-
dents or clients. The hallmark of an expert in these fields is the ability to 
examine an “indeterminate situation,” where generalized practices are 
ineffective in particular cases, and to function effectively under condi-
tions of ambiguity. Educational practice is inherently ambiguous because 
the teaching-learning relationship is made up of dynamic interactions 
between teacher and learner (Polkinghorne, 2004) 

Without introducing an expectation of adopting reduced academic 
standards, the Keystone Recommendations of the Next Generation report 
emphasize that the standards of instruction, assessment, and selection 
into STEM have become too narrow. “Grading on the curve” and the use 
of “weed out” and “gatekeeper” courses have failed to ensure “opportu-
nities for excellence” or high-quality learning environments for all stu-
dents across the educational spectrum. Although such practices may be 
viewed as academically rigorous and necessary by many of those within 
the STEM professions, researchers have highlighted their negative effect 
on racial-ethnic minority students and on women (Hurtado et al., 2007, 
2009; Seymour and Hewitt, 1997). Subject content and learning environ-
ments viewed as value-neutral and objective to some are experienced 
as “racialized” (Martin, 2009; McGee and Martin, 2011), unsupportive 
(Lester, 2010), and alienating (Pascarella et al., 1997; Starobin and Laanan, 
2008) by others. It may seem paradoxical to individuals steeped and suc-
cessful in the science culture that the pursuit of scientific knowledge and 
learning are not neutral and objective activities, experienced in universal 
terms independent of one’s ascribed racial and gender characteristics. 
Yet, numerous studies (e.g., Howard-Hamilton et al., 2009; Hurtado et 
al., 2007, 2011; McGee and Martin, 2011) and reports (Institute for Higher 
Education Policy, n.d.; National Academy of Sciences, National Academy 
of Engineering, and Institute of Medicine, 2011; Sevo, 2009; Steinecke 
and Terrell, 2010) provide evidence that students of color and women 
experience formal STEM postsecondary learning environments as dis-
criminatory, hostile, and alienating. There is now a long history of calls 
for cultural change in STEM and increased diversity, but the incremental 
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changes have not been sufficient. As observed in the Crossroads (National 
Academy of Sciences, National Academy of Engineering, and Institute of 
Medicine, 2011) report, the number of African Americans, Hispanics, and 
Native Americans in certain STEM fields would need to double, triple, or 
even quadruple to reach parity with the representation of these groups in 
the U.S. population. Therefore, programs that do not address the funda-
mental problem of the negative racial climate in STEM fields are unlikely 
to have a substantial impact to increase diversity. 

At this juncture, it is important to note why these considerations are 
of particular importance when considering strategies to expand STEM 
transfer pathways between two-year and four-year institutions. First, 
it is due to the fact that the status differences among fields of study are 
compounded by the status differences between two-year and four-year 
college and university faculty. Second, the “chilly climate” of STEM is 
only harsher for students experiencing the initial “shock” of transfer. 
Third, students of color are found in community colleges in numbers 
disproportionately larger than their enrollment in postsecondary educa-
tion as a whole, which means that efforts to broaden transfer pathways 
in STEM will have positive equity implications. 

The status differences between the two-year and four-year sectors 
introduce distrust of the quality of the community college curriculum 
among faculty and administrators who serve on the admissions and cur-
riculum committees of four-year institutions. As a result, the curriculum 
is poorly aligned and collaboration among faculty is rare (Dowd, 2010; 
Gabbard et al., 2006; Stanton-Salazar et al., 2010). The negative impact 
of these poor relationships on students is exacerbated when it comes to 
transfer in STEM because of the sequential nature of the curriculum. 

SECTION IV: EVIDENCE-BASED INNOVATION CONSORTIA

Recent studies of curricular and pedagogical reforms in STEM fields 
provide evidence that strategies that involve the use of inquiry, reflec-
tive practice, and faculty professional development networks are the 
most promising approaches to bringing about cultural and organiza-
tional change (Borrego, Froyd, and Hall, 2010; Henderson, Beach, and 
Finkelstein, 2011). The dissemination of “best,” innovative practices can 
bring about awareness, but is less effective in leading those on the receiv-
ing end of an innovation to the final stage of Rogers’ model of diffusion 
and adoption. These findings are consistent with theories of organiza-
tional learning and professional development that emphasize professional 
knowledge, academic norms, and expertise (Bensimon, 2007; Dowd and 
Tong, 2007; Kezar and Eckel, 2002; Polkinghorne, 2004; Schein, 1985). 
They also resonate with models of individual and organizational change, 
particularly in a situation where professionals are being asked to act 
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as institutional agents to bring about change in their own settings (Seo 
and Creed, 2002; Stanton-Salazar, 2010). Consequently, recognition of the 
importance of collective, faculty-based responses to bring about change 
are growing (Asera, 2008; Kezar, 2012).

Therefore, this report introduces a proposal for the creation of Evi-
dence-Based Inquiry Councils (EBICs), adapted from Dowd and Tong 
(2007), with a focus on creating effective STEM transfer pathways through 
the use of inquiry, professional development, and networks. EBICs, as 
proposed and renamed here as Evidence-Based Innovation Consortia 
to place the emphasis on innovation, would provide an organizational 
structure to support five institutional roles described in the Crossroads 
report and to foster the “supportive ecosystem” called for in the NSB’s 
Next Generation report. To move deliberately in creating STEM learning 
environments in which a greater number and a more diverse body of stu-
dents are successful, the Crossroads report charged institutions with five 
roles: leadership, creating a campus-wide commitment to inclusiveness, 
self-appraisal of the campus climate, plans for constructive change, and 
ongoing evaluation of implementation efforts.

The EBIC design supports these goals. It also tackles the problem that 
the transfer structures are not sufficient to support robust transfer path-
ways in STEM in the absence of interpersonal relationships and shared 
cultural norms across sectors. Professional development for faculty and 
college administrators in STEM pedagogy and culturally inclusive prac-
tices (Dowd et al., in press) are needed to create such an ecosystem. Such 
professional development activities will be well received only if they 
are accorded prestige and provide resources for the production of new 
knowledge through research, design experiments (Penuel et al., 2011), and 
inquiry, which is the systematic use of data, reflection, and experimenta-
tion to improve professional practices. 

The following Keystone Recommendations for the EBIC design are 
based on those of the Next Generation (2010) report:

(1) Keystone Recommendation #1: Provide opportunities for excellence
 (i)  Create prestigious research and design centers, called Evidence 

Based Innovation Consortia, involving STEM faculty in geo-
graphic and market-based clusters of two-year and four-year 
colleges and universities to:

  1.  Invent, experiment with, and evaluate innovative ap-
proaches to teaching adults foundational mathematics 
skills and knowledge

  2.  Invent, experiment with, and evaluate innovative ap-
proaches to active and applied learning

 (ii)  Create more intentional mechanisms for diffusion of innovative 
practices in use in special and supplemental programs to the 
core curriculum
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 (iii)  Create a STEM transfer research work-study program through 
the HEA Reauthorization (for details, see Malcom, 2008a, 
2008b) and involve industry in identifying mechanisms to 
provide work-study positions in collaboration with academic 
institutions

 (iv)  Create public (federal and state) and privately funded STEM 
transfer scholarships and allocate these to STEM transfer stu-
dents enrolled in learning communities at the community col-
lege and the four-year institution.

(2) Keystone Recommendation #2: Cast a wide net
 (a) Policy Action: Improve talent assessment systems
  (i)  Create prestigious research and design centers involving 

STEM faculty in geographic and market-based clusters of 
two-year and four-year colleges and universities to develop 
and validate new forms of diagnostic assessment, student 
learning assessment, and testing.

 (b) Policy Action: Improve identification of overlooked abilities
  (i)  Ensure that students who are successful in special STEM 

programs find a place in a STEM program and receive nec-
essary mentoring, institutional supports, and opportunities 
for undergraduate research under the guidance of a faculty 
member 

  (ii)  Provide greater investment in the development of a more 
diverse faculty and administrative workforce in postsec-
ondary education

  (iii)  Replace “weed out” and gatekeeper assessments of student 
learning with talent development assessments

(3) Keystone Recommendation #3: Foster a supportive ecosystem
 (a)  Policy Action: Professional development for educators in STEM 

pedagogy
  (i)  Support the development, dissemination, and use of as-

sessment instruments that support deliberate processes of 
self-appraisal focused on campus climate in STEM learning 
environments

  (ii)  Develop and disseminate models of Culturally Inclusive 
Pedagogies in STEM

  (iii)  Involve STEM educators and educational researchers in 
joint design and implementation of design experiments, 
developmental evaluation, and summative evaluation 

  (iv)  Develop and offer a STEM deans and directors’ Leadership 
Academy and teach participants principles of inquiry and 
strategies for effective collaboration and institutional self 
assessment.

  (v)  Enroll participants through a three-year membership with 
staggered terms so that newcomers and experienced mem-
bers overlap.
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Brief Biographies of Committee 
Members and Staff

COMMITTEE

GEORGE R. BOGGS (Chair) is president and chief executive officer 
emeritus of the American Association of Community Colleges where 
he served for 10 years, and is superintendent and president emeritus of 
Palomar College, where he served for 15 years. He previously served as 
faculty member, division chair, and associate dean of instruction at Butte 
College in California. He is currently a member of the Board on Science 
Education and was one of the original members of the former Committee 
on Undergraduate Science Education. He has served on several National 
Science Foundation panels and committees. He holds a bachelor’s degree 
in chemistry from Ohio State University, a master’s degree in chemistry 
from the University of California at Santa Barbara, and a Ph.D. in educa-
tional administration from the University of Texas at Austin.

THOMAS R. BAILEY is the George and Abby O’Neill professor of eco-
nomics and education in the Department of International and Transcul-
tural Studies at Teachers College, Columbia University. In 1996, with 
support from the Alfred P. Sloan Foundation, he established the Commu-
nity College Research Center at Teachers College, which conducts a large 
portfolio of qualitative and quantitative research based on fieldwork at 
community colleges and analysis of national- and state-level datasets. In 
July 2006, he became the director of the National Center for Postsecondary 
Research), funded by a grant from the Institute of Education Sciences of 
the U.S. Department of Education. Since 1992, he has also been the direc-
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tor of the Institute on Education and the Economy at Teachers College. 
His most recent book, co-edited with Vanessa Morest, is Defending the 
Community College Equity Agenda (Johns Hopkins University Press, 2006). 
He is an economist, with specialties in education, labor economics, and 
econometrics, and holds a Ph.D. in labor economics from MIT.

LINNEA FLETCHER is chair of the Department of Biotechnology at 
Austin Community College (ACC) and continues to work on several 
federal and state grants. After several years working in laboratories, she 
began a career in education at ACC in 1991. She served as chair of the 
Department of Biology and then assistant dean of mathematics, science 
and technology. In 1997, she became interested in bringing biotechnology 
training to ACC. As part of this goal, she joined the Advanced Technologi-
cal Education Center of Excellence for Biotechnology and Life Sciences 
Grant (Bio-Link). After serving several years as chair of the Department 
of Biotechnology and working on a variety of National Science Founda-
tion (NSF) educational grants, she accepted a rotator position at NSF as 
a program director in the Division of Undergraduate Education. After 
two years at NSF, she returned to ACC. She obtained her bachelor’s and 
master’s degrees in biology, chemistry, and biochemistry at the University 
of California at Irvine and her Ph.D. in microbiology at the University of 
Texas at Austin. 

BRIDGET TERRY LONG is the Xander Professor of Education and Eco-
nomics at Harvard University, Graduate School of Education. She is a 
faculty research associate of the National Bureau of Economic Research 
and research affiliate of the National Center for Postsecondary Research. 
In July 2005, the Chronicle of Higher Education featured her as one of the 
“New Voices” in higher education; and in 2008, the National Association 
of Student Financial Aid Administrators awarded her the Robert P. Huff 
Golden	Quill	Award	for	excellence	in	research	and	published	works	on	
student financial assistance. An economist specializing in education, she 
studies the transition from high school to higher education and beyond. 
Her work focuses on college access and choice, factors that influence 
student outcomes, and the behavior of postsecondary institutions. She 
received an A.B. from Princeton University and M.A. and Ph.D. from the 
Harvard University Department of Economics.

JUDY C. MINER is president of Foothill College in Los Altos Hills, Cali-
fornia. She has worked as a higher education administrator since 1977 
and in the California Community Colleges since 1979 where she has held 
administrative positions in student services and instruction at City Col-
lege of San Francisco, the California Community Colleges Chancellor’s 
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Office and De Anza College. She serves on the Commission on Inclusion 
of the American Council of Education, the Board of Directors for the 
Council of Higher Education Accreditation, and the STEM Higher Edu-
cation Working Group under the auspices of the President’s Council of 
Advisors on Science and Technology. She earned her B.A. in history and 
French and M.A. in history from Lone Mountain College in San Francisco 
and her Ed.D. in organization and leadership (with a concentration in 
education law) from the University of San Francisco.

KARL S. PISTER, chair of the governing board of the California Council 
on Science and Technology, is former vice president—educational out-
reach, of the University of California, and chancellor emeritus of the 
University of California, Santa Cruz. Prior to retirement, he completed 
five decades of service to higher education, beginning his career as assis-
tant professor in the Department of Civil Engineering at University of 
California, Berkeley. He served as chairman of the Division of Structural 
Engineering and Structural Mechanics before his appointment as dean 
of the College of Engineering in 1980, a position he held for 10 years. 
From 1985 to 1990, he was the first holder of the Roy W. Carlson chair 
in engineering. From 1991 to 1996, he served as chancellor, University of 
California, Santa Cruz. He is a member of the National Academy of Engi-
neering and a fellow of the American Academy of Arts and Sciences. He 
is also a fellow of the American Academy of Mechanics, American Society 
of Mechanical Engineers, and American Association for the Advancement 
of Science, and an honorary fellow of the California Academy of Sciences. 
He is a member of the Board of Directors of the Monterey Bay Aquarium 
Research Institute, Center for the Future of Teaching and Learning, and 
Board of Trustees of the American University of Armenia. He also served 
as founding chairman of the Board on Engineering Education of the 
National Research Council. He has a Ph.D. in theoretical and applied 
mechanics from the University of Illinois at Urbana–Champaign.

NATIONAL RESEARCH COUNCIL STAFF

JAY B. LABOV (PI) is senior advisor for education and communica-
tion, National Academy of Sciences and the National Research Council 
(NRC), and serves as the principal investigator (PI) for this project. He 
has worked for the Academies for 15 years. He also serves as program 
director for Biology Education with the NRC’s Board on Life Sciences 
and the director of the National Academies Teacher Advisory Council. In 
this role, he is responsible for coordinating all aspects of the work for this 
project with the co-PIs and with program, administrative, and financial 
management staff at the National Academies. He also works with the 
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Board on Life Sciences and the Teacher Advisory Council to obtain their 
input and serves as the National Academies’ representative and liaison 
with staff in the Division of Undergraduate Education and the Advanced 
Technological Education program of the National Science Foundation. He 
earned his B.S. in biology from the University of Miami, and M.S. in zool-
ogy and Ph.D. in biological sciences from the University of Rhode Island.

CATHERINE DIDION (co-PI) is senior program officer, National Acad-
emy of Engineering (NAE). Her portfolio includes the Diversity of the 
Engineering Workforce Program with a charge to provide staff leadership 
to the NAE’s efforts to enhance the diversity of the engineering workforce 
at all levels including the diversity of those being prepared to enter the 
future workforce. She is the project director of a $2 million National Sci-
ence Foundation (NSF) grant to increase the number of women receiving 
baccalaureate degrees in engineering and helped organize a workshop 
in 2010 for NSF on the underrepresentation of minority males in STEM. 
As a co-PI on the project, Didion links the work of the NAE on two-year 
and four-year engineering articulation agreements that should facilitate 
greater participation of community college students in engineering educa-
tion. She also engages the relevant engineering societies and associations 
that are working with two-year institutions. She received an A.B. in inter-
national relations from Mount Holyoke College and a graduate certificate 
of achievement in e-commerce from the University of Virginia. 

PETER H. HENDERSON (co-PI) is director of the NRC’s Board on Higher 
Education and Workforce (BHEW). His areas of specialization include 
higher education policy, labor markets for scientists and engineers, and 
federal science and technology research funding. He currently directs 
BHEW’s Study on Research Universities and the Committee on Science, 
Engineering, and Public Policy’s study on underrepresented groups and 
the expansion of the science and engineering workforce pipeline, both of 
which follow from the National Academies’ Rising Above the Gathering 
Storm. He has previously contributed as study director or staff to a variety 
of NRC education and workforce studies germane to this project, includ-
ing Science Professionals: Master’s Education for a Competitive World (2009); 
Enhancing the Community College Pathway to Engineering Careers (2005); 
and Building a Workforce for the Information Economy (2001). He received 
his B.A. from Johns Hopkins University, master’s in public policy from 
Harvard University’s John F. Kennedy School of Government, and Ph.D. 
in history from Johns Hopkins University.

MARGARET L. HILTON, is a senior program officer with the Board on 
Science Education and has led a series of National Research Council activ-
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ities exploring emerging workforce skill demands and K-12 and higher 
education to meet those demands. She has convened a planning meeting 
on career-technical education and workshops on future skill demands, 
promising practices in undergraduate science, technology, engineering, 
and mathematics, and the intersection of science education and 21st cen-
tury skills. She has directed studies of high school science laboratories, 
the Occupational Information Network (O*NET) database and the use 
of simulations and games for science learning. She is currently directing 
a study on Defining Deeper Learning and 21st Century Skills. She has a 
B.A. in geography from the University of Michigan, a master of regional 
planning from the University of North Carolina at Chapel Hill, and mas-
ter of arts in education and human development from George Washington 
University.

MARY ANN KASPER is a senior program assistant in the Division of 
Behavioral and Social Sciences and Education at the National Research 
Council. She has assisted on many projects and their reports, among them: 
America’s Lab Report: Investigations in High School Science, International Edu-
cation and Foreign Languages: Keys to Securing America’s Future, Mathematics 
Learning in Early Childhood: Paths Toward Excellence and Equity, and Student 
Mobility: Exploring the Impacts of Frequent Moves on Achievement. She is 
presently assisting with other projects, including a study on adolescent 
and adult literacy, and a report on the use of social science evidence for 
public policy.

MARTIN STORKSDIECK (co-PI) serves as director of the Board on Sci-
ence Education (BOSE) where he oversees studies that address a wide 
range of issues with connections to this project (e.g., climate change edu-
cation, developing a conceptual framework for new science education 
standards, and discipline-based education research in higher education). 
As a co-PI, he will link the work of the ad-hoc committee to relevant work 
being undertaken by BOSE, especially the development of a proposed 
study on Barriers and Opportunities in Completing Two- and Four-Year 
STEM Degrees. He holds an M.S. in biology from Albert-Ludwigs Univer-
sity in Freiburg, Germany, an M.P.A. from Harvard University’s Kennedy 
School of Government, and a Ph.D. in education from Leuphana Univer-
sity in Lüneburg, Germany.

CYNTHIA WEI was a National Academies Christine Mirzayan Science & 
Technology Policy Fellow working with Dr. Labov at the time of the sum-
mit. She recently completed a AAAS Science & Technology Policy Fellow-
ship at the National Science Foundation in the Division of Undergraduate 
Education, where she worked on a wide range of issues in science, tech-
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nology, engineering, and mathematics education with a primary focus on 
biology education and climate change education. She has diverse teaching 
experiences as a K-6 general science teacher, high school biology teacher, 
and college-level biology instructor. She received a dual-degree PhD in 
zoology and ecology, evolutionary biology, and behavior from Michigan 
State University, and a B.A. in neurobiology and behavior from Cornell 
University. She also was a postdoctoral research associate at the University 
of Nebraska, Lincoln’s Avian Cognition Laboratory.
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Brief Biographies of 
Presenters and Panelists

ERIC BETTINGER is an associate professor in the Education and the 
Economics departments at Stanford University. Prior to joining the fac-
ulty at Stanford, he was an associate professor of economics at Case 
Western Reserve University. He has done wide-reaching research on how 
organizational structure and policy influence educational achievement of 
students of different race, gender, and income. He is also studying what 
factors determine student success in college. His work aims to bring 
understanding of these cause-and-effect relationships in higher educa-
tion. He earned his B.A. from Brigham Young University and Ph.D. from 
Massachusetts Institute of Technology.

GEORGE BOGGS: See biographical sketch in Appendix E. 

DEBRA D. BRAGG is a professor in the Department of Education Orga-
nization, Policy and Leadership at the University of Illinois. She is also 
director of the Office of Community College Research and Leadership 
and director of the Forum on the Future of Public Education, a strategic 
initiative of the College of Education at Illinois. Her research focuses on 
P-20 policy, with a special interest in the transition of youth and adults 
to college. She has led research and evaluation studies funded by federal, 
state, and foundation sponsors, including examining the participation of 
underserved students in college transition and career pathways. Recent 
studies include evaluations of bridge-to-college programs funded by the 
Joyce Foundation and the U.S. Department of Education and applied 
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baccalaureate programs funded by the Lumina Foundation for Educa-
tion. She is the recipient of the career teaching and distinguished research 
awards from the College of Education at the University of Illinois, and 
the senior scholar award from the Council for the Study of Community 
Colleges. She holds a bachelor’s degree from the University of Illinois and 
master’s and Ph.D. degrees from Ohio State University. 

V. CELESTE CARTER is program director of the Division of Undergradu-
ate Education (DUE) at the National Science Foundation (NSF). She joined 
the Division of Biological and Health Sciences at Foothill College in 1994 
to develop and head a biotechnology program. She served as a DUE pro-
gram director twice as a rotator and accepted a permanent program direc-
tor position in 2009. She is the lead program director for the Advanced 
Technological Education (ATE) Program in DUE, as well as working on 
other programs in the division and across NSF. She received her Ph.D. in 
microbiology from the Pennsylvania State University School of Medicine 
in 1982 and completed postdoctoral studies in the laboratory of Dr. G. 
Steven Martin at the University of California, Berkeley. 

ALICIA C. DOWD is an associate professor of higher education at the 
University of Southern California’s Rossier School of Education and co-
director of the Center for Urban Education (CUE). Her research focuses 
on political-economic issues of racial-ethnic equity in postsecondary out-
comes, organizational learning and effectiveness, accountability, and the 
factors affecting student attainment in higher education. She is the prin-
cipal investigator of the National Science Foundation-funded study Path-
ways to STEM Bachelor’s and Graduate Degrees for Hispanic Students and the 
Role of Hispanic Serving Institutions. As a research methodologist, she has 
also served on numerous federal evaluation and review panels. She was 
awarded a B.A. in English literature at Cornell University and a doctor-
ate at Cornell, where she studied the economics and social foundations of 
education, labor economics, and curriculum and instruction. 

HARVEY V. FINEBERG is president of the Institute of Medicine (IOM). 
He previously served Harvard University as provost for four years and 13 
years as dean of the School of Public Health. He helped found and served 
as president of the Society for Medical Decision Making and has been a 
consultant to the World Health Organization. His research has included 
assessment of medical technology, evaluation of vaccines, and dissemi-
nation of medical innovations. At IOM, he has chaired and served on a 
number of panels dealing with health policy issues, ranging from AIDS 
to new medical technology. He also served as a member of the Public 
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Health Council of Massachusetts (1976-1979), as chairman of the Health 
Care Technology Study Section of the National Center for Health Services 
Research (1982-1985), and as president of the Association of Schools of 
Public Health (1995-1996). He is the author or co-author of numerous 
books and articles on subjects ranging from AIDS prevention to medi-
cal education. He holds four degrees from Harvard, including M.D. and 
Ph.D. in public policy.

TOBY HORN is co-director of the Carnegie Academy for Science Edu-
cation at the Carnegie Institution of Washington. She joined the faculty 
of Thomas Jefferson High School for Science and Technology in Fairfax 
County, VA, two weeks before the doors opened in 1985. As co-director 
of the Life Science and Biotechnology Laboratory for nearly 14 years, she 
developed one of the first high school biotechnology programs for stu-
dents in grades 9-12. After two years as outreach coordinator for the Fralin 
Biotechnology Center at Virginia Tech, she joined the Carnegie Institution 
to work in District of Columbia Public Schools. Other relevant activities 
include membership on the NAS committee to revise Science, Evolution, 
and Creationism, recipient of the Bruce Alberts Award (2009), president of 
the National Association of Biology Teachers (2006), and current member 
on the National Visiting Committee for the Bio-Link National Center of 
Excellence. She holds an A.B. in chemistry from Bryn Mawr College and a 
Ph.D. in MCD biology from the University of Colorado, Boulder. She was 
also a staff fellow at the National Cancer Institute for five years.

FREEMAN A. HRABOWSKI, III, has served as president of the Univer-
sity of Maryland, Baltimore County (UMBC) since 1992. His research and 
publications focus on science and math education, with special empha-
sis on minority participation and performance. He chaired the National 
Academies committee that recently produced the report Expanding Under-
represented Minority Participation: America’s Science and Technology Talent at 
the Crossroads. In 2008, he was named one of America’s Best Leaders by 
U.S. News & World Report, which in 2009, 2010, and 2011 ranked UMBC 
as the #1 “Up and Coming” university in the nation. In 2009, Time maga-
zine named him one of America’s 10 Best College Presidents. In 2011, he 
received the TIAA-CREF Theodore M. Hesburgh Award for Leadership 
Excellence and the Carnegie Corporation of New York’s Academic Lead-
ership Award. With philanthropist Robert Meyerhoff, he co-founded the 
Meyerhoff Scholars Program in 1988, considered a national model. He has 
authored numerous articles and co-authored two books, Beating the Odds 
and Overcoming the Odds (Oxford University Press), focusing on parent-
ing and high-achieving African American males and females in science.
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MARTHA J. KANTER was nominated by President Barack Obama on 
April 29, 2009, to be the under secretary of education and was confirmed 
by the Senate on June 19, 2009. She oversees policies, programs, and 
activities related to postsecondary education, adult and career-technical 
education, federal student aid, and five White House Initiatives. She is the 
first community college leader to serve in the under secretary position. 
From 2003 to 2009, she served as chancellor of the Foothill-De Anza Com-
munity College District, one of the largest community college districts in 
the nation. In 1977, after serving as an alternative high school teacher in 
Massachusetts and New York, she established the first program for stu-
dents with learning disabilities at San Jose City College. She then served 
as a director, dean, and vice chancellor for policy and research for the 
California Community Colleges Chancellor’s Office in Sacramento. In 
1990, she returned to San Jose City College as vice president of instruction 
and student services until she was named president of De Anza College 
in 1993. She received a bachelor’s degree in sociology from Brandeis 
University, master’s degree in education with a concentration in clinical 
psychology and public practice from Harvard University, and a doctorate 
in organization and leadership from the University of San Francisco. She 
also holds honorary degrees from Palo Alto University, Chatham Uni-
versity, Lakes Region Community College, Moraine Valley Community 
College, and the Alamo Colleges.

JAY B. LABOV: See biographical sketch in Appendix E.

JANE OATES was nominated by President Barack Obama in April 8, 
2009, and confirmed as assistant secretary for employment and training 
on June 19, 2009. She leads the Employment and Training Administration 
in its mission to design and deliver high-quality training and employment 
programs. Prior to her appointment, she served as executive director of 
the New Jersey Commission on Higher Education and senior advisor to 
Governor Jon S. Corzine. She served for nearly a decade as senior policy 
advisor for Massachusetts Senator Edward M. Kennedy. She began her 
career as a teacher in the Boston and Philadelphia public schools and later 
as a field researcher at Temple University’s Center for Research in Human 
Development and Education. She received her B.A. in education from 
Boston College and M.Ed. in reading from Arcadia University.

BARBARA M. OLDS is acting deputy assistant director and senior advi-
sor to the Directorate for Education and Human Resources of the National 
Science Foundation, where she focuses on issues related to international 
science and engineering education, program and project evaluation, and 
education and education research policy. She previously served in the 



Copyright © National Academy of Sciences. All rights reserved.

Community Colleges in the Evolving STEM Education Landscape:  Summary of a Summit

APPENDIX F 145

directorate as an expert/consultant on education issues, as division direc-
tor for the Division on Research, Evaluation and Communication, and as 
acting division director for the Division of Elementary, Secondary, and 
Informal Education. She is professor emerita of liberal arts and interna-
tional studies at the Colorado School of Mines. During her long career 
there, she served as the director of the Engineering Practices Introduc-
tory Course Sequence, as the director of the McBride Honors Program in 
Public Affairs for Engineers, and as the associate provost for educational 
innovation. Her research interests lie primarily in understanding and 
assessing engineering student learning. She has participated in a number 
of curriculum innovation projects and has been active in the engineer-
ing education research and evaluation communities. She is a fellow of 
the American Society for Engineering Education, a senior editor for the 
Journal of Engineering Education, and was a Fulbright lecturer/researcher 
in Sweden. She holds an undergraduate degree from Stanford University, 
and an M.A. and Ph.D. from the University of Denver, all in English.

BECKY WAI-LING PACKARD is a professor of educational psychology 
at Mount Holyoke College. She is also the co-director of the Weissman 
Center for Leadership and the Liberal Arts with responsibility for teach-
ing and faculty development initiatives. Her research, funded by the 
National Science Foundation, focuses on the mentoring and persistence of 
students from first-generation for college and lower-income backgrounds 
as they navigate trade, work, community college transfer, and four-year 
college pathways in science and engineering fields. In 2005, she received 
the Presidential Early Career Award for Science and Engineering at the 
White House. She has published numerous articles on this topic and fre-
quently works with colleges, community organizations, and businesses to 
design formalized mentoring programs and effective advising practices. 
She earned her B.A. from the University of Michigan and Ph.D. in educa-
tional psychology from Michigan State University.
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