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Internships and Undergraduate Research: Impact, Support, and
Institutionalization of an NSF S-STEM Program Through
Partnerships with Industry and Funding from Federal and Local
Workforce Agencies

Abstract

The Young Entrepreneur and Scholar (YES) program is a partnership between the College of
Engineering & Computer Science, the College of Sciences, and the College of Business
Administration at a large, public university. The YES program was established in 2008 with
funding from the National Science Foundation Scholarships in Science, Technology,
Engineering, and Mathematics (NSF S-STEM) program. The purpose of the YES program is to
prepare academically talented STEM students to enter the workforce or graduate school through
formal pathways that offer enhanced educational benefits. STEM students with a declared
interest in entrepreneurship/internship or undergraduate research experiences were selected to
participate in the YES program through a competitive application process. The educational
approach of the YES program has shown positive outcomes and benefits for the students. YES
students have reported that cognitive, personal, and professional benefits include real-world
experiences, gains in self-confidence, development of their professional persona, confirmation or
clarification of career or educational goals, and a support network of friends and professionals
through the YES learning community. This paper describes the educational approach, key
outcomes, and partnership model of the YES program.

Introduction

In an opinion article published online by U.S. News & World Report, the presidents of two non-
partisan think tanks (Matt James of the Center for the Next Generation in San Francisco and
Neera Tanden of the Center for American Progress in Washington, D.C.) wrote that by 2030,
China is expected to have 200 million college graduates, and by 2020 India will be graduating
four times the number of college graduates as the United States'. To put this in perspective in
terms of graduates with technical degrees, India produces around 750,000 engineers per year?,
China over 1.9 million engineers®, and the United States close to 140,000 engineers®. Regardless
of debates around statistical methodologies used to compare the number of engineers produced
by these three countries, there can be little doubt that China and India are producing engineers at
a more rapid rate than the United States > The recent (2010) report produced by the National
Academies, Rising Above the Gathering Storm, Revisited: Rapidly Approaching Category 5°,
cited multiple statistics that indicate the United States’ competitive edge has declined even
further since they published their first Rising Above the Gathering Storm report in 2007’. The
solution lies in innovation from scientific and technological advances and a focus on preparation
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of the student (developing talent) to meet STEM (Science, Technology, Engineering,
Mathematics) workforce needs in order to be globally competitive.

Background Information on the College of Engineering & Computer Science

The University of Central Florida (UCF), a public university (Carnegie Classification RU/VH:
Research Universities - very high research activity), is the second largest university in the nation
in terms of student enrollment; Fall 2012 enrollment was 60,101. Enrollment in the College of
Engineering & Computer Science (CECS) was 8,041 (6,739 undergraduates and 1,302
graduates), or approximately 13% of the university’s enrollment. Among the 11 state
universities, the University of Central Florida awarded 16% (751/4,712) of engineering degrees
and 21% (193/927) of computer science/information science degrees in 2009-10 (the most recent
data year available)®. Approximately 23% of the population in the state in 2011 was
Hispanic/Latino® which is also reflected in the enrollment numbers of this demographic at the
university and within the college. In CECS, the undergraduate Hispanic and African American
students represent 22% and 7% respectively of the total undergraduate enrollment in the college
(double the national rate of 10% for Hispanics, and higher than the national rate of 5% for
African Americans)®. CECS ranks 20" in the number of undergraduate engineering and
computer science degrees awarded, 8" to Hispanics, 16" to African Americans, and 35™ to
women among 348 engineering colleges in the United States® CECS has also been ranked as
one of the top ten graduate engineering schools for Hispanics by Hispanic Business Magazine for
the past eight years; the current ranking is 6™ **

The College of Engineering & Computer Science does not require students to participate in co-
op or internship programs or undergraduate research programs. Various co-op or internship
experiences available to students are administered through the university’s Office of Experiential
Learning, the university’s Career Services Office, the Information Technology program within
CECS, or sponsored programs within a unit in CECS or on campus. Likewise, undergraduate
research experiences are administered through various university programs or offices such as
RAMP (Research and Mentoring Program), the Burnett Research Scholars, Honors in the Major
(offered through the Burnett Honors College), and the Office of Undergraduate Research, or
sponsored program within a unit in CECS.

In 2008, the College of Engineering & Computer Science established the Young Entrepreneur
and Scholar (YES) program with funding from the National Science Foundation (NSF)
Scholarships in Science, Technology, Engineering, and Mathematics (S-STEM) program. The
YES program is a partnership between the College of Engineering & Computer Science, the
College of Sciences, and the College of Business Administration. The purpose of the YES
program is to prepare academically talented STEM students to enter the workforce or graduate
school through formal pathways that offer enhanced educational benefits. STEM students with a
declared interest in entrepreneurship/internship or undergraduate research experiences (co-op
experiences are not offered through the YES program), who meet the YES program’s eligibility
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requirements, are selected to participate in the YES program through a competitive application
process. Students are placed with a faculty mentor (YES Research Path) or industry mentor
(YES Entrepreneurship/Internship Path). In the Entrepreneurship Path students are placed with
small, incubator companies that are current or graduated clients of the university’s incubator
program. In the Internship Path students are placed with mid-size or large corporations or
organizations. Students are allowed to switch Paths at certain points in the program — if they so
choose — as part of their career exploration process. The YES program also offers other benefits
to participants which include academic advising with a YES advisor each semester to check
progress to graduation; an intimate learning community of scholars (YES Socials and
Workshops); a YES Distinguished Speaker Seminar series; an annual YES Symposium to
showcase what they have learned from the mentorship experience through a presentation or
poster; and the opportunity to network with members of the YES Advisory Board (comprised
primarily of industry professionals plus a few faculty) during the YES Symposium.

YES students are given a scholarship of $5,000 (fall/spring) based on financial need. A few
students choose to continue with their mentoring experience during the summer semester; they
have primarily been supported with funds received from a secondary sponsor, the local
workforce board, Workforce Central Florida. It is important to provide reasonable financial
support to the students so that they do not have to work to support themselves as the secondary
goal of the YES program is to graduate students at a faster rate. Research studies have identified
financial aid as a critical factor that affects the decision to pursue a college degree and success in
degree attainment ***2*3 particularly for low-income and minority populations**** In addition
to rising tuition rates (UCF has one of the lowest tuition rates in the nation), there are two
legislative mandates that have contributed to increased out-of-pocket costs for students. In
1997, the state created the Florida Bright Futures Scholarship which provided full (100% tuition
costs and some fees to top students covered) or partial (75% tuition costs to good students
covered) college scholarships to high school students who met the academic standards.
However, the growing popularity and costs of running the program eventually forced the
legislature to reduce the scholarship in the last few years to the current model, where students
receive a flat rate per credit hour, resulting in a substantially reduced scholarship award amount.
Second, pursuant to a state statute enacted in Fall 2009, students are subject to an excess hours
penalty where they are charged two times the tuition rate for each credit beyond 110% of the
required hours of the baccalaureate degree program completion requirements.

The Educational Approach Used in Creating the YES Program

There are numerous benefits to college students who participate in experiential learning
activities, the most notable of which is development of the professional persona. Schuurman,
Pangborn, and McClintic** assessed the impact of engineering undergraduate work experience
and found that the greater the work experience for male or female engineering students, the
higher the starting salary and potential for a job offer by graduation. Strauss and Terenzini'
analyzed data collected from over 4,000 graduating engineering seniors at 39 engineering
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schools and found that both academic and extra- or co-curricular experiences (which included
co-ops and internships) made significant contributions to students’ design and analytical skills
and team skills. Dansberry*® examined 1,080 student surveys collected over a period of three
years (2008-2011) from NASA interns in their Undergraduate Student Research Program and
found that students reported growth in skill areas related to the ABET a-k student outcomes
criteria (such as professional and technical communication, conceptual and analytical ability,
applying knowledge, professional qualities, teamwork, leadership, technology, work culture, and
organization and planning) and attitudinal change toward their current career path (such as
determining individual strength and weaknesses, professional self-confidence, academic
motivation, understanding the chosen profession, clarifying career plans and options, and
achieving career goals). Research studies have shown that having a personal support system is
an important aspect of student persistence” *® 1° %% as students struggle to balance work,
academic, and social life. Massi et al.”* found that engineering and computer science native
freshmen and transfer students had similar participation rates for experiential learning activities
(co-ops and internships) and reported higher instances of developing close personal friendships
at the institution during their undergraduate career compared with non-participants. Employers
are more likely to hire paid interns (60% of 2012 college graduates received a job offer) than
unpaid interns (37% received a job offer) or those who did not participate in an internship (36%
received a job offer)?* The national conversion rate in 2011 for turning interns to full-time hires
was 67%, with 39% of new college hires from employers’ own internship programs=.

Students participating in undergraduate research experiences (URE) report parallel benefits to
those who participate in co-op or internship experiences. Students who participate in UREs are
three times more likely to indicate graduate school intentions®* and twice as likely to expect a
PhD?® compared with non-participants. Massi et al.** found that URE male and female students
showed the same level of interest in continuing on to graduate school as did Lopatto® 2’ .
Hathaway, Nagda, and Gregerman® found that participation in a URE lead to actual graduate or
professional educational enrollment, which was more significant for URE participants than non-
participants. Massi et al.?* found that 41% of gains experienced by engineering and computer
science URE students were in “clarification or confirmation of career/education paths” compared
with 20% of gains reported by Seymour et al.”. However, this difference is probably
attributable to the timing of the studies — Massi et al.** surveyed graduating seniors whereas
Seymour et al.* interviewed rising seniors. As students approach graduation time, their thoughts
are turned more towards deciding on a career. Fifty-one percent of gains were noted in the
personal/professional domain (which includes “thinking and working like a scientist”)?* %°.
Hunter et al.* found that 57% of students attributed “gains in confidence” to their “feeling like a
scientist.”

The advantage of offering undergraduate research and entrepreneurship/ internship experiences
through one program is that it creates a cohesive, structured learning community for students to
explore career pathways and develop their professional identity. YES student cohorts are
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exposed to the benefits that each experience offers through the YES Distinguished Speaker
Series (speakers include an entrepreneur and a researcher), the YES Symposium, and interacting
with each other. For example, a Research Path student may be interested in how to
commercialize a research project or create a start-up company; or an Entrepreneurship/Internship
Path student may be interested in starting a business but realizes that pursuing a graduate degree
will provide specialization in the field. A similar educational approach (joining co-op with
undergraduate research experiences) with engineering students at the University of Puerto Rico
at Mayagiiez (UPRM) has shown positive outcomes and benefits for their students®’. The
primary differences between the educational approach of UPRM and the YES program are: a)
UPRM’s program combines co-op and undergraduate research experiences where YES combines
internship and undergraduate research experiences; and b) UPRM’s program offers a structured
progression of undergraduate research — co-op — undergraduate research whereas YES offers a
choice of pathways for internship or undergraduate research, and the flexibility of switching
between pathways.

Key Outcomes of the YES Program

A YES student cohort is recruited at the beginning of the Fall semester each year. Applicants
who meet the eligibility requirements of the YES program are selected based on a competitive
application process. The eligibility requirements are:

e Declared interest in undergraduate research or entrepreneurship/internship experiences

e Junior or senior enrolled in a STEM major

e U.S. citizen, alien lawfully admitted to the U.S. for permanent residence; national of the
U.S. as defined in section 101(a) of the Immigration and Nationality Act; or alien
admitted as refugees under section 207 of the Immigration and Nationality Act

e Cumulative GPA of at least 3.0

e Full-time enrollment

e Financial need

e At least two semesters (Fall/Spring) left before graduation

YES Recruitment. The YES program represents a diverse student body. Since the inception of
the YES program in 2008, 49 STEM students have participated in the YES program (41%
females, 33% Hispanic, 8% Asian, 14% African American, 2% Multiracial, 43% White, 51%
first generation to pursue a bachelor’s degree). Fifty-three percent (26/49) were engineering and
computer science majors, and 47% (23/49) represented other STEM majors (Physics, Chemistry,
Biology, Biotechnology, Biomedical Sciences, Molecular & Microbiology, and Forensic
Science). Eighty-four percent (41/49) chose the Research Path, 8% (4/49) the Entrepreneurship/
Internship Path , and 8% (4/49) were “switchers,” that is, they participated in both the Research
and Entrepreneurship/ Internship Path. It should be noted that several of the Research Path
students (24% or 10/41) also reported having participated in co-op and internship experiences
outside of the YES program. Forty-three STEM faculty have participated as mentors for the
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Research Path students and eight companies have provided industry mentors for the
Entrepreneurship/Internship Path students. The YES partnership model and student outcomes
are described in Figure 1. In this section, the impact on student success is described below for
each of the outcomes listed in Figure 1. For persistence to graduation, we look at three aspects:
1) actual graduation rates, 2) actual time to degree for those who have graduated, and 3) a
predictive model for progress to graduation. In the following section, the YES partnership
model is described.

YES Pathways Student Outcomes
> | Persistence to graduation
EXCEL Program | Transitior:l tq wor‘kfor‘ce or
NSF STEP Program graduate schooi

(Institutionalized) \A

YES — % Real world experience

{Undergraduate Research & Entrepreneurship/Internship
Opportunities for STEM juniors and seniors)

I Self-Confidence
Sponsors: (Self-Efficacy)
RAMP Program — NSF S'STEM
{University Program)
I Socialization to the
WCF profession

ORC

—» |Connecting to the campus via
a learning community

DOL + match from partner companies

(Institutionalization in Progress)

DOL-YES / Confirmation/Clarification of
(U.S. Dept. of Labor) career or educational path

Figure 1. The YES program recruitment pathways, sponsors, and student outcomes.

Graduation Rates. The cumulative graduation rate of YES students with a STEM degree (as of
the beginning of Fall 2012) was 57% (28/49); 41% (20/49) were still enrolled in a STEM or
STEM-related major; and 2% (1/49) had dropped out of school. Table 1 shows demographic
information for completers (defined as YES students who maintained eligibility to participate in
the YES program and remained active in the program from choice) and non-completers (defined
as YES students who maintained eligibility to participate in the YES program but did not
continue from choice or those who no longer met program requirements and were not eligible to
continue participation in the program). Forty-six percent of completers were under-represented
minorities (57% for non-completers); 50% were women (33% for non-completers); and 36%
were first generation college students (67% for non-completers). Thirty-six percent of
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completers had entered the YES program as juniors and 64% as seniors (for non-completers,
57% had entered as juniors, 43% as seniors). Sixty-four percent of completers were engineering
and computer science majors (52% for non-completers). These demographic statistics (Table 1)
suggest that the structure of the YES program benefits female students in particular among the
completers (50%) compared with non-completers (33%). A somewhat larger percentage of
engineering and computer science majors were also represented among the completers (64%)
compared with non-completers (55%). These statistics also show that we need to do a better job
of working with first-generation students (completers 36%, non-completers 67%).

Table 1. Demographics Statistics for Completers and Non-Completers in YES

Demographics Statistics Completer n =22 Non-Completer n =21
Under-represented minorities 46% 57%

Women 50% 33%

First generation to pursue a Bachelor’s degree 36% 67%
Classification Upon Entry into YES

Junior classification 36% 57%

Senior classification 64% 43%

Major Upon Entry into YES

Engineering and computer science 64% 52%

Other STEM majors 36% 48%

Time-to-Degree. Table 2 provides persistence to graduation statistics for completers and non-
completers. The graduation rate for completers was 100% (22/22); for non-completers, it was
29% (6/21). The mean entry cumulative Grade Point Average (GPA) into the YES program and
mean cumulative GPA upon graduation were relatively stable for both completers and non-
completers, suggesting that participation in the internship or undergraduate research experience
did not necessarily result in higher overall GPAs. For completers (n = 22), the mean entry
cumulative Grade Point Average (GPA) into the YES program was 3.49 (std = .27), and the
mean graduating cumulative GPA was 3.44 (std = .28). For non-completers (n = 6), the mean
entry cumulative GPA into the YES program was 3.29 (std =.34) and the mean graduating
cumulative GPA was 3.28 (std =.29). This finding is consistent with a study by Schuurman,
Pangborn, and McClintic** of graduating engineering seniors at Pennsylvania State University.
They found that when factoring in pre-work academic performance, work experience resulted in
marginal increases in cumulative GPA upon graduation but more work experience resulted in
higher starting salaries and the likelihood of receiving a job offer prior to graduation. However,
the higher cumulative GPA for the completer group (and anecdotal information from the YES
Academic Adviser) suggests that students with higher GPAs may be better at managing the
demands of school, extra- and co-curricular activities, family, and other responsibilities.

The data also suggest that completers graduated at a faster rate than non-completers (Table 2),
but the sample size for non-completers (n= 6 graduated) is very small. Time-to-degree was
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calculated by taking the difference between the actual number of semesters to graduation and the
intent-to-graduate semester listed on the student’s application into the YES program, making the
assumption that action follows intent. For completers, 50% graduated on time (20% for non-
completers), 27% graduate sooner than expected (0% for non-completers), and 23% longer than
expected (80% for non-completers). For completers, the average number of semesters from
entry into the YES program until graduation was 4.64 semesters (std = 1.53, n = 22); for non-
completers, it was 5.83 (std = 1.47, n = 6) semesters. Another limitation to interpreting this data
trend, in addition to the small sample size of graduated non-completers, is that seniors were over-
represented among the completers (64%) with non-completers (43%); see Table 1.

Table 2. Graduation Statistics for Completers and Non-Completers in the YES Program

Graduation Completer n =22 Non-Completer n =6
Graduation rate* 100% 29%

Mean entry cumulative GPA 3.49, std = .27 3.29, std = .34
Mean graduating cumulative GPA 3.44, std = .28 3.28, std = .29
Mean number of semesters from entry until 4.64, std = 1.53 5.83, std = 1.47
graduation

Semesters took longer to graduate than 23%, 1.5, std = .84 80%, 2.5, std =.58
indicated on application, %, mean, std

Semesters graduated sooner than indicated on  27%, -1.83, std = .75 0%
application, %, mean, std

Graduated on-time as indicated on application 50% 20%

*Total non-completers = 21, of which, n = 6 have graduated. Graduation rates are as of beginning Fall 2012.

Progress to Graduation. A multiple regression test was performed using SPSS 10.0.7 statistical
software to determine if the status of being a completer or non-completer (“Completer” variable)
and the time spent in the YES program (“Time Spent in YES” variable) were reliable predictors
of the outcome variable, “Progress to Graduation.” Although the model ultimately proved to be
unreliable (larger sample sizes are needed to re-test the model), it is described here as a first
attempt toward a potentially tenable model that could be applied to internship and undergraduate
research programs to capture a dimension of their impact on progress to graduation. We were
also unable to find a model in the review of literature where progress to graduation as an
outcome was used as we defined it in our study. Another limitation of the study is self-selection
bias among YES students who choose to continue on in the program compared with those who
choose not to, or differences that may exist for those who no longer qualify to remain in the
program.

The data in Table 2 above suggested that completers graduated at a faster rate than non-
completers. Forty-two cases (student records that had data for all three variables) were used in
the test. The average time that completers were active in the YES program was about double that
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of non-completers. Completers spent an average of 4 .00 semesters (std = 1.45, n = 21) in the
YES program; for non-completers, the average was 1.95 semesters (std = .67, n =21). The
hypothesis was that the more time a student spent in the YES program, the better the time-to-
degree rate. “Progress to Graduation” was calculated for the students in both groups (completer
and non-completer) who had graduated (n =28-1 = 27, since one student did not indicate the
intent-to-graduate semester on the application) by taking the difference between the intent-to-
graduate semester and the graduation semester. A minus number indicated that the student had
graduated earlier than expected, e.g. intent-to-graduate semester Spring 2011, actual graduation
semester Fall 2010, would result in a value of -1. Zero indicated that the student had graduated
on time as expected, e.g., intent-to-graduate semester Spring 2011, actual graduation semester
Spring 2011. A positive number indicated that the student had graduated later than expected,
e.g., intent-to-graduate semester Spring 2011, graduated semester Summer 2011, would result in
a value of 1. Similarly, “Progress to Graduation” was calculated for students who were still
enrolled (n= 15) but who had already exceeded their intent-to-graduate semester as of Fall 2012.
A positive number indicated that the student had exceeded their intent-to-graduate semester, e.g.,
intent-to-graduate semester Spring 2011, as of Fall 2012 semester, would result in a value of 5.

A rule-of-thumb of 15 cases per predictor®® was used to determine if the sample size was large
enough to run the test (at least 15 x 2 = 30 cases). Since there were 42 cases, we proceeded with
the test. The correlation table showed a significant correlation between the predictors,
“Completer” and “Time in YES,” R = .637, p <.001, indicating some multicollinearity, but not a
substantial correlation (R >.9).

The model accounted for 14.5% of variance in the outcome which was statistically significant
(R? = .145; F (2,39) = 3.32, p<.05; see Table 3), indicating that at this stage of interpretation, the
model is significantly better at predicting the outcome than the mean model. In terms of how
well the model generalizes, the adjusted R? value should be the same or close to R?. Our model
resulted in a shrinkage of 4.3% (R’ adjusted R? = .145-.102 = .043 = 4.3%), indicating that if the
model were derived from the population instead of a sample, it would account for 4.3% less
variance in the outcome®. SPSS, however, uses Wherry’s equation to derive the adjusted R®.
Wherry’s has been criticized because it does not show the likely value of R? i different samples
were used from the same population®. Stein’s equation, however, shows how well the model
cross-validates (Equation1)®. For our model, Stein’s adjusted R? was 0.9 (where n = 42, the
number of cases; k = 2, the number of predictors), which would account for 5.5% less variance in
the outcome (R?- adjusted R? = .145-.09 = .055 = 5.5%), suggesting that there may be some
problems with cross-validity of the model. Our model passed the Durbin-Watson test which
checked for correlation in the adjacent residuals (residuals should be uncorrelated to meet the
assumption of independent errors). The Durbin-Watson statistic in our model was 1.67 (values
<1 or >3 are cause for alarm; the closer the value to 2, the assumption is that the adjacent
residuals for any two observations are uncorrelated)™.
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sy . - n-1 n-2 n+1
Stein’s equation Adjusted R* =1 - [(n_k_l) (n_k_z) (T)] (1-R*) (1)
The t-test measures if the B-value of each predictor contributes significantly to the model while
controlling for the effects of all other predictors®. In our model (Table 3), “Completer” is
statistically significant t (39) = -2.56 p <.05. However, “Time in YES” is not statistically
significant, t (39) = 1.83, p>.05, and the confidence interval for the B-value crosses zero,
indicating that in some samples this predictor would have a positive relationship with the
outcome and in other samples, a negative relationship with the outcome. The test for
multicollinearity of the data revealed a possible issue, not with the Variance Inflation Factor
(VIF) or Tolerance (Table 3), but with the variance proportions of the smallest eigenvalue (Table
4). The VIF for predictors in our model is 1.68; values > 10 indicate a problem®*=* and the
average VIF (1.68 for our model) is not substantially greater than 13*. The Tolerance value for
our model is .59; values < .1 indicate a serious problem and <.2 a potential problem**. However,
in examining the variance proportions of the predictors on the smallest eigenvalue (Table 4),
“Completer” shows a 37% variance and “Time in YES” 98% variance, indicating a collinearity
problem and that the variables of the regression coefficient are dependent.

Therefore, the model is unreliable and more data need to be collected to see whether
multicollinearity can be lessened. (We are recruiting an additional 60 students into the YES
program over the next four years and will re-test the model.) We used a rule-of-thumb of 15
cases per predictor®” but stricter guidelines for acceptable sample sizes to achieve statistical
power indicate that larger sample sizes are needed. Green® recommends the minimum
acceptable sample size to test the overall fit of model is 50 + 8k where k = number of predictors
(for our model, we would need 50 + 8[2] = 66 cases minimum), and to test individual predictors
104 + k (for our model, we would need 104 + 2 = 106 cases minimum). Miles and Shelvin®
recommend that sample sizes needed to achieve Cohen’s®’ statistical power of .8 are: 1) a large
effect requires a sample size of 80 with up to 20 predictors; 2) a medium effect requires a sample
size of 200 with up to 20 predictors, but a sample of 100 cases is fine with 6 or less predictors
(however, always have a sample size above 60); and 3) a small effect requires a sample size of
600 with 6 or less predictors.

Table 3. Multiple Regression Summary Table: “Completer” and “Time in YES” as
Predictors of “Progress to Graduation”

Unstandardized Standardized 95% CI for B Collinearity
Model _Coefficients Coefficient t Sig. Statistics
B SE R LB UB  Tolerance VIF
Constant -.05 .86 -05 96 -1.79 1.70
Completer -2.53 99 -.49* -256 .014 -452  -53 59 1.68
Loein e 33 35 183 074 -062 127 50 168

R = .381; R® = .145; Stein’s adjusted R* = .09; F (2,39) = 3.32, p <.05. *p<.05. Cl= Confidence Interval.

21'808°c¢ abed



Table 4. Collinearity Diagnostics: Evidence of a Collinearity Problem on Dimension 3

Variance Proportions

Dimension Eigenvalue Condition Index Constant _ Completer _ Time in YES

1 2.66 1.00 .02 .03 .02
2 .26 3.18 .30 .59 .00
3 .07 5.98 .68 37 .98

Transition to Workforce or Graduate School. Table 5 shows the transition rate of graduated
YES students into the workforce or graduate school. The transition rate of graduated YES
students (completers and non-completers) into graduate school was 64% (18/28), the workforce
was 29% (8/28), and 7% (2/28) unknown (the two “unknowns” are non-completers who have not
responded to follow-up emails). All completers who graduated have continued on to graduate
school or entered the workforce in a STEM-related field (n = 22/22) compared with 67% of non-
completers who have graduated (n = 4/6). The final choice of a student’s career path upon
graduation follows a complex, decision-making pathway. Thirty-six percent (10/28) of graduates
pursued the YES Research Path and chose to continue on to graduate school and 7% (2/28) to
enter the workforce. Seven percent (2/28) of graduates pursued the YES Entrepreneurship/
Internship Path and chose to continue on to graduate school and 7% (2/28) to enter the
workforce. Twenty-one percent (6/28) who had participated in both the YES Research and
Entrepreneurship/ Internship Paths or had pursued the YES Research Path but had also
participated in a co-op or internship external to the YES program chose to continue on to
graduate school and 14% (4/28) to enter the workforce.

Table 5. Graduated YES Students’ Transition into the Workforce or Graduate School

YES Pathways Graduate School  Workforce Not Reported
Graduated YES Students 64% (n = 18) 29% (n =8) 7% (n=2)
Research Path Students 36% (n = 10) 7% (n=2) 4% (n=1)
Entrepreneurship/Internship Path Students 7% (n=2) 7% (n=2) 4% (n=1)
Research and Internship Experience 21% (n = 6) 14% (n = 4) n/a

Cognitive, Personal, and Professional Development. Betz and Klein Voyten® analyzed data
collected from 350 students enrolled in introductory psychology courses at a large Midwestern
university and found that students’ self-efficacy beliefs predicted career indecision and outcomes
expectations predicted exploration intentions. Positive academic performance and learning about
different career options can lead to a better career decision. Among the benefits of the YES
program reported by students is the program’s positive impact on students’ self-confidence and
confirmation or clarification of career or educational goals. The following are quotations from a
sampling of YES student exit surveys describing the benefits they have received from
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participation in the YES program. Completer or non-completer refers to completing or not
completing the YES program as defined previously in this paper.

Sample #1 Outcomes: Real-world experience, self-confidence, socialization to the profession

“l was proud of my paper on... [in the Research Path]. The study I conducted showed a lot of
interesting results that | could have researched further to write a really great paper. For the
Entrepreneurship Path, | made an iPad application that became a prototype for a grant that my
company is applying for now. The application really impressed my boss, so much that he is
giving me a contract job after | graduate.” (female, completer, hired upon graduation by the
company)

Sample #2 Outcomes: Real-world experience, confirmation/clarification of education/career path

“[What | learned was] being able to apply the knowledge gained from class to real-world
engineering problems at a company related to my field of study. When | began college I did not
want to go to graduate school mainly because no one in my family has ever been and it was [an]
unfamiliar topic to me. Originally my plan was to get my bachelor’s degree, then get a job in
industry. [l was] allowed the opportunity by the YES program to do internships at a company
related to my field of study [which] made all the difference. It gave me the chance to see what it
took to be a design engineer and also made me realize how much I don’t know. This is why |
chose to continue my studies in grad school.” (under-represented minority, completer, continued
on to graduate school)

Sample #3 Outcomes: Real-world experience, self-confidence, confirmation/clarification of
education/career path

“l was able to apply knowledge learned in the classroom to a real world experience, the
opportunity to go to conferences and the research fair was a great experience because it taught
me to express the knowledge | gained to others. If | do continue my studies the most influential
factor will be the experience | have had throughout the YES program. I only did a year of
[research in] the YES program but did a semester [of research] the year prior to joining YES, but
the impact was still large enough to give [me] a[n] open mind about graduate school. I think I
will go back to graduate school a year or two after | receive my diploma so | can have a more
specific study when I go back to school, one that will apply more to what | want to do for the rest
of my life. I am currently doing an internship at...[internship external to the YES program]. This
was meant to be a summer job but the opportunity for a continued position opened up for me
after the work I did over the summer. This job opportunity is the reason | am not continuing my
research because there is no way I can do both and continue my studies.” (male, non-completer,
was hired upon graduation by the company)
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Sample #4 Outcome: Real-world experience, self-confidence

“Over the last year | have learned more than I could have imagined from fellow undergrads,
graduate students and Dr. ... | have not only learned book knowledge, research strategies, hands
on experience, but | have also learned a lot about myself and the career path | now am
determined to accomplish. I have set much higher aspirations for myself as a result of the
confidence | have gained in the lab.” (female, completer, continued on to graduate school)

Sample #5 Outcome: Confirmation/clarification of education/career path

“l have learned that research is not for me. Although that may seem like no accomplishment at
all, I was able to learn more about myself and | feel that is a great accomplishment.” (under-
represented minority, non-completer, still enrolled in STEM major)

Learning community. “Learning community” in the YES program is defined as providing a
curricular structure that provides opportunities for deeper understanding of the material being
learned and closer interaction with faculty and fellow participants®. In focus groups conducted
for the past two years, YES students have reported that one of the benefits of the program was
forming friendships with other YES students. YES students described that working in the similar
environment was beneficial and they learned through interacting with each other; friendships
were strengthened when friends had classes together; they liked being able to interact with
graduate students in labs; and overall, they had positive relationships with their mentors. An
outcome of the focus groups was that they requested additional social opportunities to interact
with each other. To strengthen the bonding ties beyond the YES program, we also created a YES
Facebook page. YES students are invited to join; however, participation is optional. Figure 2
shows four distinctive friendship maps of 12 YES students who chose to join the YES Facebook
page. Each student is represented by a letter of the alphabet and their major.

Group 1: Male

D
friends with f ds with
Hamisk Molecu!ar & tideblicoiii Environmen tal
M robi olog Engineering

Group 2 Fe'nale

friends with 1 iends with
Comnutcr COI’HD ter Comp tcr
54:!: ce 5¢ence Enzl eer

Group 3 Male

friends with f ds with
Mcch aaaaa GENEE Mcch nical
Engmeermg nz nee 2 Enzl eel E

Group 4: Male
friends with
A.crospacc Acrcsp
Englne-er ng__ Enz neer nz

Figure 2. Friendship map of 12 YES students on the YES Facebook page.
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The Partnership Model of the YES Program

In this section we provide a description of campus programs from which YES students were
recruited and of sponsors that have provided financial support to the YES program.

YES Pathways

The YES program was established in 2008. It was originally conceived as a sister program to the
EXCEL program (a NSF-funded STEP program that has since been institutionalized). (STEP
stands for Science, Technology, Engineering, and Mathematics Expansion Program.) Whereas
EXCEL’s focus is recruitment and retention of freshmen students through their sophomore year,
YES’s focus is persistence to graduation and transition to the workforce or graduate school of
juniors and seniors. Students recruited through the EXCEL-YES pathway had the option of
participating in the YES Research Path or the YES Entrepreneurship/ Internship Path.
Subsequently, a second pathway was added, RAMP-YES. RAMP (Research and Mentoring
Program) is a university-sponsored program designed to provide juniors and seniors who are
interested in pursuing graduate school with undergraduate research experiences. RAMP
applicants who met the YES program requirements were recruited into the YES Research Path,
thus allowing the RAMP program to increase the number of students participating in
undergraduate research experiences. The newest pathway (effective Fall 2012), DOL-YES, is
supported by a grant from the U.S. Department of Labor (DOL) and a company match in the
senior year to support interns. The DOL-YES pathway is the beginning of the process to
institutionalize the YES program. Figure 1 above shows a visual representation of the YES
Pathways and sponsors. A description of the each sponsor follows.

National Science Foundation (NSF) S-STEM Program

The NSF Scholarships in Science, Technology, Engineering, and Mathematics (S-STEM)
program provides institutions with funds for student scholarships based on demonstrated
financial need. The purpose of the S-STEM program is to encourage and enable academically
talented students to enter the workforce following completion of an associate, baccalaureate, or
graduate STEM degree. The program was established by NSF in accordance with the American
Competitiveness and Workforce Improvement Act of 1998 and 2004. The Act reflects the
national need to increase substantially the number of American scientists and engineers. The
YES program was established in 2008 with funding from the NSF S-STEM program.

Office of Research and Commercialization at UCF

The UCF Incubation and GrowFL programs are administered through the Office of Research and
Commercialization (ORC). This office is a partner of the YES program in the newest pathway,
DOL-YES, funded by the U.S. Department of Labor. ORC has also provided match funds to
support the operations of the YES program. Several of the university’s incubation companies
have provided mentorship/internship opportunities and a few have hired YES program graduates.
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Since its inception in 1999, UCF’s Incubation program has helped more than 300 emerging
Central Florida companies create over $500 million in annual revenue and more than 1,600 new
jobs with an average salary of $59,000. Much of the regional job growth potential is housed in
these STEM incubation-stage businesses, as more than 90% of resident companies employ ten
employees or less and an additional 8% employ 10-100 employees*. In 2004, the Incubation
program was recognized by the National Business Incubation Association (NBIA) as “Incubator
of the Year.” Other partnership companies for the new pathway, DOL-YES, are also being
recruited from industry contacts in the GrowFL program. Economic gardening is a philosophy
that embraces strategies to grow existing businesses in a community, region or state. It was
pioneered by Chris Gibbons in 1989 in the city of Littleton, Colo., a community that has seen a
71% increase in employment*>*2. It was initially introduced as a pilot program to address the
sudden decline of economic conditions following the relocation of the largest employer in the
city at that time, but since then it has emerged as a prototype for a rapidly expanding movement
to generate truly sustainable economic growth for communities, regions, and states.

Workforce Central Florida

Workforce Central Florida (WCF) has been the authority for workforce planning, programs, and
the labor market for the region since 1999. WCF offers various workforce recruiting, retention,
and training programs and has been instrumental in supporting internships for young adults. In
2010, using more than $4.1 million in stimulus funding from the American Reinvestment &
Recovery Act, WCF created the Summer Job Connection, a program that provided work
experience for 1,200 young adults ages 16-21 in worksites including non-profit, government,
public sector, emerging and green industries**. The program provided nearly 293,000 hours of
services for 225 local employers. Paychecks totaling nearly $2.4 million were released to the
interns and into the Central Florida economy. WCF has provided the YES program funds to
support student research or internship experiences during the Summer semesters

U.S. Department of Labor (DOL)

The H-1B Technical Skills Training Grant Program is intended to raise the technical skills of
American workers so they can obtain or upgrade employment in high-growth industries and
occupations. This grant program is designed to provide education, training, and job placement
assistance in the occupations and industries for which employers are using H-1B visas to hire
foreign workers, and the related activities necessary to support such training. Over time, these
education and training programs will help businesses reduce their use of skilled foreign
professionals permitted to work in the US on a temporary basis under the H-1B visa program.
To-date, the H1-B Technical Skills Training Grants have served 22, 545 individuals; 20, 139
have begun training activities, and 17,641 have completed training activities**. The newest
pathway, DOL-YES, was established in Fall 2012 with DOL funds to support 60 student
internships over the next 4 years.
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Conclusion

Gereffi, Wadhwa, Rissing, and Ong® argued that the quality (not quantity) of the engineering
graduate has an important role in innovation and entrepreneurship to remain competitive in the
global market. This is a position that we agree with as an institution that produces one of the
largest numbers of engineering and computer science graduates with bachelor’s degrees in the
nation (ranking 20™ among 348 engineering schools)*. Experiential learning programs
(internships, and undergraduate research) play an important role in graduating the quality
graduates that employers are seeking to be competitive in the global marketplace. India has an
aggressive strategy to expand information technology outsourcing markets for an estimated 80%
incremental growth by 2020 from previously untapped sectors®. India currently has a 58% IT
services market share of the global outsourcing market which has provided direct employment to
about 2.8 million, and indirectly employing 8.9 million people®. According to an article
published on CNNMoney.com, in 2009 Applied Materials had to fly in 100 interviewers just to
screen the job applicants for 260 positions selected from among 26,000 resumes for its new Solar
Technology Center in Xi'an, China, with the final applicants reflecting “the best of the best, top-
of-their-class, English-speaking engineers”*’.

It is impossible to tailor the undergraduate curriculum to prepare engineering students to work in
specific industry sector of each and every potential area employer. The undergraduate
curriculum provides a foundation on which the employer can train the engineering graduate in
the requirements of their particular industry sector. However, as one of our major industry
partners commented, while our college provides them with good college graduates, it takes six
months before they can be trained to be profitable (i.e., productive) to the company. A recent
survey of employers by The Chronicle of Higher Education and Marketplace echoes this
sentiment. The results of the survey indicated that while most employers feel that colleges do a
good job, their new college-degree hires lack basic workplace proficiencies in which employers
do not want to take the time to train them*®. The article also reports that Boeing started ranking
colleges in 2008 based on the success of their graduates among their employees. The funding
model for the YES program is attractive to area industries as it provides a “free look” or a “try
before you buy arrangement™*® as students are supported through grant funds in the first and
second years. The DOL-YES Pathway asks companies to commit to a match of funds to support
their YES intern in the second year if they are satisfied with the student’s performance in the first
year. The added advantage is that students will be trained in the particular industry sector by the
end of the internship so that they are productive for the company or a similar employer on day
one of employment by the end of the internship experience. The key to being able to begin the
process of institutionalizing the program has been to leverage existing resources and funding
opportunities that have the same goal.

Florida’s state universities have received a substantial budget cut over the past four years.
Florida’s governor has expressed his commitment to STEM education as pivotal to economic
growth as it is estimated that 411,000 STEM-related jobs will need to be filled in the state by
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2018 *°. Several states are investigating ways in which to make STEM degrees more attractive
as a choice of major. Itis very likely that any new available funding in an austere budget climate
will be dedicated to STEM education. Florida, California, and Texas legislators are proposing the
creation of STEM degrees that cost no more than $10,000 in the hope that by making the degree
cheaper to study than other majors, it will attract more students to choose majors in the sciences
and technical fields®'. Ohio’s governor and Board of Regents recently allocated $11 million in
funding to support co-op and internships as part of their workforce development plan®’. The
development of STEM talent to meet workforce needs is critical to economic prosperity.

The apprenticeship model has existed for hundreds of years, as far back as the Middle Ages in
Britain®>. The educational approach of the YES program (a mentorship/apprenticeship program)
has shown positive outcomes and benefits for the students. YES students have reported that
cognitive, personal, and professional benefits include real-world experiences, gains in self-
confidence, development of their professional persona, confirmation or clarification of career or
educational goals, and a support network of friends and professionals through the YES learning
community. The results achieved through the YES program show that the program has attracted
a diverse representation of women, under-represented minorities, and first generation students
with STEM majors. YES students are categorized into two groups upon exiting the program:
completers and non-completers. Completers are defined as YES students who maintained
eligibility to participate in the YES program and remained active in the program from choice.
Non-completers are defined as YES students who maintained eligibility to participate in the YES
program but did not continue from choice or those who no longer met program requirements and
were not eligible to continue participation in the program.

There was a higher representation of female students but lower representation of first generation
students among the completers compared with non-completers, suggesting that the structure of
the YES program benefits female students in particular but that we need to do a better job with
first generation students. As of the beginning of Fall 2012, all completers had graduated and
continued on to graduate school or entered the workforce compared with 29% of non-completers
who had graduated of which two-thirds had continued on to graduate school or entered the
workforce. The trend data also suggested that YES students who completed the program
graduated at a faster rate than those who did not complete the program in its entirety. However,
the trend data were biased by the small sample size of the number of non-completers who had
graduated and over-representation of the number of seniors among the completers. A multiple
regression test was performed with a larger sample data set of YES students which included
graduated and still enrolled YES students. “Completer” and “Time in YES” were predictor
variables of the outcome “Progress to Graduation.” “Completer” was a statistically significant
predictor of “Progress to Graduation,” but “Time to Degree” was not statistically significant.
Multicollinearity was also an issue among the variables. Although the model ultimately proved
to be unreliable (even larger sample sizes are needed to re-test the model), it was included in the
paper as a first attempt toward a potentially tenable model that could be applied to internship and
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undergraduate research programs to capture a dimension of their impact on progress to
graduation. We were also unable to find a model in the review of literature where progress to
graduation as an outcome was used as we defined it in our study. We are recruiting an additional
60 students into the YES program over the next four years which should provide the sample size
needed to re-test the model. Another limitation of the study is self-selection bias among YES
students who choose to continue on in the program compared with those who choose not to, or
differences that may exist for those who no longer qualify to remain in the program.

Future research should include the impact of undergraduate research and internship experiences
using a larger sample size of STEM students to investigate if a reliable model can be found to
predict progress toward the degree and if there are differences by the type of experience
(research or internship), and by type of major (engineering or sciences), by demographic type
(gender and ethnicity), by institution type (public, private, etc.); the mentor’s perspective of
student gains; long-term effects of the friendships and networking opportunities achieved
through the learning community; and an in-depth examination of students’ psychological,
decision-making process in selecting their career choice leading up to and upon graduation.
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