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Good afternoon, and thank you for joining us today as we discuss our lessons learned 
and outlook for a new program developed to increase underrepresented minority 
student applications to STEM graduate programs, called A Step to the Doctorate. (To 
the reviewers: The final version of this PowerPoint would/will include photos from 
the program; participants signed a photo waiver.)
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Increasing Minority 
Student Applications to 
STEM Graduate Programs:

Lessons Learned and Outlook
for a New Program



Our intentions in joining the conversation here at CoNECD include describing the first 
two incarnations of the program, delivered in 2020 and 2021, and discussing the 
results of our exit survey on program effectiveness. We will examine these results as 
related to participant demographic data, scores on the Graduate Education Self-
Efficacy Scale, and our own reflections. As we continue to develop the program in 
light of our goals, reflections, and participant feedback, we are also seeking 
opportunities to expand the conversation to peer programs in order to develop, 
locate, and implement tools for analysis and assessment and to find and share 

narratives and analysis of successes and challenges to these programs and their 
participating students, practitioners, researchers, and institutions. Our vision also 
includes to work with our peers in these ways to identify potential best practices 
for programs like A Step to the Doctorate, with an audience beyond engineering 
education, in student services and administration, in mind as well. But first, we will 

introduce ourselves and the center through which the program operates.
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Overview

▪ Who We Are

▪ Introduction
▪ About Virginia Tech Center for Enhancement of 

Engineering Diversity

▪ Objectives and Goals of CEED and A Step to the 
Doctorate Program

▪ Background

▪ Program Descriptions – 2020 & 2021

▪ Program Participant Feedback & 
Reflections

▪ GESES Survey Questionnaire

▪ Exit Survey

▪ Reflections & Discussion

▪ Next Steps

▪ References
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Individual introductions of those present and their roles.
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A Step to the Doctorate is programming offered by the Center for Enhancement of 
Engineering Diversity, or CEED ("seed") at Virginia Tech, a center for diversity and 
outreach located within the dean's office of the College of Engineering, under the 
direction of the Associate Dean of Equity and Engagement.

4

Goals and Objectives of CEED and
A Step to the Doctorate Program



The mission of CEED reflects this; according to the 2019-2020 CEED Annual Report, 
“The Center for the Enhancement of Engineering Diversity (CEED) at Virginia Tech is 
dedicated to enriching the engineering profession through increased diversity. Our 
programs are targeted to current engineering students at Virginia Tech, prospective 
students, and the Commonwealth of Virginia’s pre-college community." The CEED 
website and Annual Report also introduce the center, "Since 1992, the Center for the 
Enhancement of Engineering Diversity (CEED) has provided encouragement and 
support to engineering students, focusing on the under-represented population. Our 

office recognizes that Virginia Tech students are among the best and brightest, and 
assists them in achieving excellence." 
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CEED Mission: “The Center for the 
Enhancement of Engineering 
Diversity (CEED) at Virginia Tech 
is dedicated to enriching the 
engineering profession through 
increased diversity. Our programs 
are targeted to current 
engineering students at Virginia 
Tech, prospective students, and 
the Commonwealth of Virginia’s 
pre-college community.” 

(CEED 2019-2020 Annual Report)

Virginia Tech 
Center for 
Enhancement 
of Engineering 
Diversity

https://eng.vt.edu/ceed.html



CEED's programming includes 10 outreach programs for K through 12 students. Seven 
of these programs were highlighted as major initiatives in the CEED Annual Report 
2019-2020; these programs focus on students from a variety of underrepresented 
backgrounds, including in-school programs for students in the rural Appalachian 
region where Blacksburg and Virginia Tech are located, residential and day camps on 
Virginia Tech campus, and TechGirls, a STEM exchange program for girls ages 15 to 17 
from the Middle East, North Africa, and Central Asia. The report also highlights 
undergraduate programs that include the Student Transition Engineering Program, or 

STEP, which is a five week program that includes credit-bearing courses in chemistry, 
math, and engineering fundamentals; along with professional, social, and academic 
programming to support the transition from high school to college. Hypatia and 
Galileo are Integrated Living and Learning Communities for first year women and men 
in engineering, respectively. CEED also provides peer mentoring and an academic 

recovery program called Jump Start to serve students with diverse academic needs.
In addition to major initiatives and other K12 and undergraduate programming and 
outreach, two CEED graduate programs focus on mentoring for first year graduate 
students. The New Horizon Graduate Scholars are nominated by their departments 
and this program is focused on providing professional development, research, and 

networking opportunities with a goal of encouraging cross-disciplinary connections. 
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CEED ▪ Outreach Programs

▪ Undergraduate Programs

▪ Graduate Programs
Virginia Tech 
Center for 
Enhancement 
of Engineering 
Diversity

(https://eng.vt.edu/ceed.html)



One commitment of New Horizon Scholars is to provide peer mentorship as part of 
the VTEEM program, helping mentor other first year engineering graduate students 
through the transition into graduate work.
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Now we will take a look at A Step to the Doctorate itself.
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A Step to the 
Doctorate Program

7



From our quick overview, you can see that CEED takes a multi-pronged approach to 
its mission and welcomes new ideas from its leadership and constituents to bridge 
gaps in this programming and to connect and engage students, faculty and 
professionals, and the community. A Step to the Doctorate was created in response 
to one of the gaps identified in existing programming, bridging between 
undergraduate and graduate programs. The program aims to support the mission of 
CEED and selected CEED objectives and goals, namely "to increase the diversity 
of students who apply to, enroll, and graduate from the College of Engineering at VT; 
to increase the awareness of engineering and other technical fields as an exciting 
and rewarding career path to a diverse population; [and in particular] to provide 
academic, professional and personal support programs."
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A Step to 
the Doctorate 

Program

Selected CEED Objectives
and Goals

▪ to increase the diversity of 
students who apply to, enroll, and 
graduate from the College of 
Engineering at VT;

▪ to increase the awareness of 
engineering and other technical 
fields as an exciting and rewarding 
career path to a diverse 
population;

[and in particular]
▪ to provide academic, professional 

and personal support programs.https://eng.vt.edu/ceed/about-
ceed.html



Additional stated objectives of A Step to the Doctorate program at its outset 
included to provide exposure to graduate school and to help participants prepare for 
graduate applications. 
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Additional Objectives of A Step 
to the Doctorate:

▪ to provide exposure to graduate 
school

▪ to help participants prepare for 
graduate applications
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A Step to 
the Doctorate 

Program



We will describe both the 2020 and 2021 versions of the program after we very 
briefly discuss scholarship related to it.
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Background



Despite advances in bridging the divide, significant gaps remain between the 
attainment of underrepresented minority students in STEM and that of their white 
and Asian peers (Hurtado et al., 2010). While industry and academia continue to 
lament this disparity (Myers & Pavel, 2011; Okhana, Zhou, & Gao, 2020) and focus on 
growing the number of URMs in the STEM labor force (Le, Mourikes, & Roy, 2020), 
scholars in engineering education have critiqued the pipeline analogy and sought to 
also bring nuance to the discussion of increasing equity in STEM (Covington, Chavis, & 
Perry, 2017; Griffin, 2019). 
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Increasing URM Engagement in STEM

11

▪ Gaps in attainment of URMs vs. peers (Hurtado et al., 
2010)

▪ Focus in industry & academia on STEM labor 
force (Le, Mourikes, & Roy, 2020)

▪ Diversity vs. equity in STEM (Covington, Chavis, & 
Perry, 2017; Griffin, 2019)



A Step to the Doctorate Institute is among several programs developed in the past 
two decades seeking to increase engagement of URMs in STEM and higher education. 
Scholarship on these programs has focused on program effectiveness (Hurtado et al., 
2010; Lam et al., 2003; Maton et al., 2000) and impact on retention and graduation 
(Brothers & Knox, 2013; Cole & Espinoza, 2008; Lane, 2016; Stolle-McAllister et al., 
2010). Research also links student success to career identity perception (Carlone & 
Johnson, 2007; Johnson et al., 2007; Miller et al., 2017) and socialization to academia 
and STEM (Austin, 2002), including the effects of attending minority serving 

institutions (Palmer et al., 2013). Faculty mentoring is also factor in student success 
and transition to professions in STEM (Fifolt et al., 2014; Hurtado et al., 2011). 
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Peer Programs in the Literature
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▪ Program effectiveness (Hurtado et al., 2010; Lam et al., 
2003; Maton et al., 2000) 

▪ Retention and graduation (Brothers & Knox, 2013; Cole & 
Espinoza, 2008; Lane, 2016; Stolle-McAllister et al., 2010)

▪ Identifying with STEM and academia (Carlone & Johnson, 
2007; Johnson et al., 2007; Miller et al., 2017; Austin, 
2002; Palmer et al., 2013)

▪ Faculty mentoring (Fifolt et al., 2014; Hurtado et al., 2011)



To address CEED objectives and goals set out for the program, and to address needs 
we have identified related to underrepresented minorities' educational attainment in 
STEM fields, A Step to the Doctorate was created.
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Program Description:
A Step to the Doctorate



In order to provide background on the population served by A Step to the Doctorate, 
this 2020 data provided by the College of Engineering at Virginia Tech compares the 
undergraduate population of the College to the overall university population on 
several demographic data points. Minority students in all the categories identified 
here made up 37.3 percent of the total student population overall and 43% of 
undergraduates in the college, for reference. Black or African American students 
comprised about 4.1% of the college population, tagging but trailing 4.8% of the 
overall student population. Hispanic students of any race comprised about 7.7% of 

both engineering undergraduates and the total student population. Students who 
self-identified as two or more races comprised about 4.0 and 5.0 percent of these 
populations, respectively; and the total number of American Indian, Alaskan Native, 
Native Hawaiian, and Pacific Islander students are 21 *students* in the college and 61 
*students* at Virginia Tech.
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Population Served by A Step to the Doctorate: 
Virginia Tech/COE Undergraduate Demographics
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https://eng.vt.edu/about/rankings-and-figures/undergraduate-enrollment-by-gender-and-ethnicity.html



Since we are talking about the transition to graduate programs and a dearth of 
underrepresented minority students in engineering, let's also look at some similar 
2020 data for graduate students in the College of Engineering. While the data is not 
presented in the same fashion, we see that underrepresented minority students 
comprise 10% of the graduate student population.
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Population Served by A Step to the Doctorate: 
Virginia Tech/COE Graduate Demographics (2020)
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Students who recruited for the A Step to the Doctorate program were nominated 
according to the following overall criteria and process: The Dean's office drew a list of 
students who had self-identified at enrollment as a member of a minority group that 
is underrepresented in STEM and had a GPA of at least 2.8. On the next slide we will 
see a couple of differences in the details of student nominations from the 2020 to 
2021 cohorts. The students who were nominated to participate in the program were 
sent an invitation email by the office of the Associate Dean for Equity and 
Engagement, which included a link to apply and complete a survey on the Graduate 

Education Self-Efficacy Scale, which was developed and validated by Eric G. Williams 
in his 2004 dissertation study of McNair Scholars at Virginia Tech. All of the students 
who completed these steps in each year was accepted to participate in the program.
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Population Served by A Step to the 
Doctorate: Recruitment

16

▪ Students enrolled in the COE

▪ Self-identified at enrollment as an underrepresented 
minority in STEM

▪ With GPA 2.8+

▪ Sent nomination email by the Associate Dean for 
Equity and Engagement

▪ Applied at a link and completed GESES survey

▪ All who applied were accepted to participate



There were some differences in the recruitment in each year, in response to our 
reflections and to student feedback. With a plan to grow the program from the start, 
the participant cap for the program was 12 students in 2020 and 20 students in 2021. 
In 2020, the program was held in September of students' and students whose total 
credits made them seniors were nominated. With an eye to recruiting more students 
who needed the help the program offered and to provide more guidance and 
resources through the graduate applications process to those students, the 2021 
program began in March and students whose credits earned made them juniors were 

nominated for the program. The students who joined the program in both years have 
included those with a spread of of expected graduation dates across several 
semesters. *The asterisks on the slide next to the numbers of participants denote 
that the final number of participants reflects some deviation from the recruitment 
strategy described on the previous slide: Each year, one student requested to join the 

program who had learned about it by word of mouth. In each case this was a highly 
motived student with a slightly lower overall GPA than required but great holistic 
potential fit for graduate education (e.g. one is going into his second semester as a 
NASA intern & has a higher in-major GPA/evidence of improvement); also in 2021 
there was a student from an HBCU who attended the HBCU Summit at Virginia Tech 

and approached the director of A Step to the Doctorate, indicated that she planned to 
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Population Served by A Step to the Doctorate: 
Participants

2020

▪ Capped at 12 students

▪ Seniors by credits

▪ Actual: Juniors and Seniors 
by graduation dates

▪ 246 nominated

▪ 11* applied & participated

▪ 10 responded to survey

2021

▪ Capped at 20 students

▪ Juniors by credits

▪ Actual: Sophomores, Juniors, 
and Seniors by graduation 
dates

▪ 244 nominated

▪ 12* applied & participated

▪ XX responded to survey
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apply to Virginia Tech. Because a medium term goal/dream of growing the program 
to include students from nearby HBCUs had already been discussed, he invited her to 
join the 2021 program after the start date as well, to "beta test" that idea in a way.
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In 2020 A Step to the Doctorate Institute consisted primarily of two 6-hour 
“bootcamps” on consecutive Saturdays in September, delivered online via Zoom due 
to COVID-19 related precautions. Presentations by VT faculty, professional staff, and 
graduate students centered on the graduate experience with a focus on 
underrepresented minorities in STEM. The Associate Dean of Equity and Engagement 
and the Director of Graduate Programs welcomed the students to the program and 
gave an overview, including introducing students to their assigned graduate mentors. 
Following introductions, a faculty mentor who is a former McNair scholar gave a 

presentation on graduate school that ranged from explaining her academic and 
career trajectory to giving and advice and considerations for the entire process from 
how to decide whether to complete graduate work through every detail. The 
graduate coordinator for the Department of Civil and Environmental Engineering 
talked about the role of graduate coordinators in their departments and programs in 

the Virginia Tech College of Engineering, and encouraged the participants to talk with 
theirs early and often throughout the applications process and graduate school. A 
young faculty panel Q&A with two Black and Hispanic male faculty members followed 
a break for lunch, then the program director's discussion of the GEM fellowship and 
other funding opportunities. In the afternoon, the personal statement workshop 

coordinator gave a presentation and short workshop introducing personal 
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Program Design 2020

Weekend 2 Bootcamp

▪ Personal statements workshop

▪ Graduate student panel

18

Weekend 1 Bootcamp

▪ Welcome & intro to program & 
grad student mentors

▪ "Why graduate school?"

▪ Role of grad coordinators

▪ Young faculty panel

▪ GEM & other funding

▪ Intro to personal statements

▪ Resume presentation



statements, and then an advisor from Career and Professional Development services 
gave a presentation on resumes. With the idea that the program was bootcamp style, 
we assigned them to complete a draft of their personal statement and conduct some 
program and funding research in the week between. On the second Saturday, the 
second personal statements workshop progressed, although not quite as originally 
intended, as only a couple of students had written much, and these were not at all 
complete. Having a sense that this might be the case, the instructor had gathered 
some sample successful statements from faculty and graduate students affiliated with 

the program, and much time was provided for writing and discussing the sample 
essays that were provided by those faculty and graduate student mentors. Several of 
the graduate student mentors held a Q&A panel on the second Saturday, as well.
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During and after the two Saturday bootcamps, a variety of program resources were 
posted to a Canvas site for A Step to the Doctorate. Canvas was chosen among 
options for gathering resources because it is the standard course management site 
for Virginia Tech, and therefore we decided that students would not need to learn or 
navigate a new platform to locate their course materials. Materials included slides 
from the bootcamp presentations, videos of the bootcamp Zoom meetings, links to 
graduate school applications and funding resources, and writing resources for writing 
personal statements and general resources for research and writing in graduate 

school. Programming after the Saturday bootcamps included participation in the GEM 
Grad Lab, which is put on by The National GEM Consortium to promote their 
fellowship program. According to their website "The mission of The National GEM 
Consortium is to enhance the value of the nation’s human capital by increasing the 
participation of underrepresented groups (African Americans, American Indians, and 

Hispanic Americans) at the master’s and doctoral levels in engineering and science." 
The writing coordinator provided ongoing individual graduate school applications 
research coaching and support, and one on one writing conferences, providing 
feedback and support on personal statements. Volunteer graduate student mentors
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Program Design 2020: 
Ongoing Programming

19

▪ Resources posted in A Step Canvas site

▪ Participation in GEM Grad Lab

▪ Graduate student mentors

▪ Personal statement writing conferences and grad 
school research support (individual)



After receiving feedback on the interest and usefulness of the programming on the 
2020 exit survey, as well as through individual and anecdotal feedback and 
reflections, the following changes were made to the overall program design in 2021. 
In addition to recruiting students and beginning the program in March, the initial 
bootcamp contained a distilled version of the 2020 bootcamps. The Associate Dean 
and the Director provided a welcome, and the former McNair scholar gave a 
presentation on graduate school. The young faculty panel Q&A was retained and 
another faculty member joined the others for that hour. Graduate student mentors 

were not part of the program in 2021, but a graduate panel Q&A involving former 
participants in A Step to the Doctorate, now CEED Graduate Assistants, was added to 
the program. The Director gave a funding presentation that highlighted a number of 
funding sources, including the NSF GRFP and the GEM Fellowship; and the program 
included an introduction to personal statements and writing workshops. The plan was 

for monthly writing workshops that broke down the personal statement into small 
chunks directed by questions such as "What do you plan to study? What kind of 
research interests you?" And "Who are you? What is your story?" With peer review, 
revision plans, and ultimately pulling the writing together into a polished statement; 
with a day long closing institute in September.
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Program Design 2021: 
Changes and Adaptations at the Outset

20

▪ Program ran March through September

▪ Boot camp in March:
▪ Welcome and introduction

▪ "Why grad school?"

▪ Young faculty panel

▪ Grad student/2020 participant panel

▪ Funding presentation

▪ Intro to personal statements & writing workshops

▪ Ongoing programming

▪ Closing Institute in September
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Program Design 2021:
Adapting and Changing Mid-Stream

21

▪ GRE scholarships

▪ GEM Grad Lab

▪ NSF GRFP workshop

▪ Graduate school research & personal statements workshops

▪ Monthly asynchronous group workshops

▪ By mid-summer, completely asynchronous, individual & small group

▪ Graduate school research, personal statements, and resume 
conferences and support (individual)

▪ Closing Institute > Fall meeting/debrief/goal setting
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Program Participant 
Feedback & Reflections



We developed a survey instrument with multiple aims, including to assess the 
institute, to identify opportunities to improve the program from the perspective of its 
participants, and to better understand students’ goals for applying to graduate school 
in STEM fields. The survey also poses demographic questions related to known 
obstacles to URMs’ access and acculturation to graduate school.
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A Step to the Doctorate Exit Survey
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We developed a survey instrument with multiple aims:

▪ assessing the institute,

▪ identifying opportunities to improve the program from the 
perspective of its participants,

▪ better understanding students’ goals for applying to graduate 
school in STEM fields, and

▪ collecting demographic information related to known 
obstacles to URMs’ access and acculturation to graduate 
school
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Findings



From our demographics-based survey questions, we found that 7 (87%) of the 
participants identify as Black and 1 (12%) of the participants identify as Afro-Latino. 
Also, 1 (12%) of the students are first-generation college students and (75%) of the 
respondents stated that they have a challenging time financing their education. The 
students have yet to reply to the exit survey for 2021, so this data is forthcoming.
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2020 Participant Demographics
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▪ 7 identified as Black or African-American

▪ 1 identified as Afro-Latino

▪ One participant was a first-generation college student

N=10 of 11 participants (91% response rate)



Several questions inquired about the academic and professional development of the 
respondents. All the participants reported enjoying warm relationships with their 
academic advisors despite the inability to meet in person. Several respondents were 
uncertain about their plans after graduation. The participants weighed the graduate 
curriculum and proximity to their families when applying to graduate school, while 
funding was not seen as important.
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Academic & Professional Development

26

▪ Warm relationships with academic advisors

▪ Noted challenges with restricted in-person meetings

▪ Uncertainty about post-graduation plans

▪ Proximity to family was a factor in graduate school 
decision making

▪ Funding was not a primary decision factor



Participants reported that connections and experiences they had with the mentors 
and administrators were the most beneficial aspect of the program. The program 
activities enjoyed mostly favorable reviews, though students showed less interest in 
funding than the practitioner-researchers had expected. When asked for suggestions 
for the future of the program, participants suggested more activities focused on their 
specific graduate program interests and graduate applications activities, and 
improving the scheduling and logistics of the program.
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Mentoring and Relationships

27

▪ Participants viewed most program activities favorably

▪ Connections with mentors and administrators were 
viewed as most beneficial

▪ Funding less of a concern than anticipated



The 2021 program is ending with a focus group in order to collect more 
robust exploratory data than is possible with the exit survey alone?
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Further Discussion

28

▪ Survey methodology was a limitation in capturing the 
breadth of participant experiences

▪ 2021 cohort will include a closing meeting (focus 
group) to supplement exit survey data
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Next Steps
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Reflections, Musings, & Discussion

30

▪ (How) does parental degree attainment affect student 
applications to research-based graduate programs?

▪ How can we better reach and serve first-generation 
college students?

▪ Differences between first-generation college students 
and first-generation graduate students?

▪ How can we also serve indigenous students, women 
from MENA and Central Asian countries, and rural 
Appalachian students? (targeted by some CEED 
Outreach Programs)
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A Step to the Doctorate: Future Projects

Funding & Expanding

▪ Locate potential funding 
sources

▪ Partner with HBCUs, HACUs, 
and/or Native-Serving 
Institutions

▪ Develop program through 
best practices/assessment

▪ Apply for grants

Research & Networking

▪ Literature review and "deep 
dive" into peer programs

▪ Best practices

▪ Analysis, assessment, theory 
generating

▪ Edited collection on peer 
programs?
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