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EXECUTIVE SUMMARY

I. INTRODUCTION

The National Institute of Biomedical Imaging ana@&ngineering (NIBIB) within the National
Institutes of Health (NIH) and the National Scief@gindation regard bioengineering and bioinfornsatic
as essential fields for the Nation as they undemmny other areas of science, engineering, and
technology in the 21st century. To increase thebarof young people considering careers in
bioengineering and bioinformatics at the graduaelland beyond, the two agencies established the
Bioengineering and Bioinformatics Summer Institu@BSI) Program in 2002. The goal of this program
is to provide undergraduate and early-stage graditatlents majoring in the biological sciences,
computer sciences, engineering, mathematics, ayslgath sciences with well-planned, interdiscipliar
bioengineering or bioinformatics research and etiluc&xperiences in active “summer institutes,”
thereby increasing the number of individuals purgwareers in bioengineering and bioinformatidhet
graduate level and beyond.

The first BBSI solicitation was released in fisgahr 2002, and the first nine summer institutegahe
in 2003. The awardees were permitted to recompeta hew award in the last year of their initialaad:
Each BBSI received joint NIH/NSF support of up 08K per year for up to four years. According to
NSF Fastlane data, the overall cost of fundingiihe BBSIs from 2003-2006 was $6,040,000.
Approximately 15 undergraduate and graduate stadeate trained annually in each BBSI — a total of
450 student participants in the BBSI Program dutimage years. Dividing the total cost by the total
number of students in the program results in a@b$13,422 per student. The total amount of direct
support for each undergraduate student, includipgred, travel allowance, housing, and meals, is
estimated at $6,889.

The BBSI Program differs from other student rede@rograms sponsored by NIH and NSF in its
focus on formal course work and research semiaiigugh it shares common elements such as an
emphasis on hands-on research experience and keiteogmcern about students’ professional growth.
Another special feature of the BBSI Program isdpton for two consecutive summers of participation
The program also allows graduate students, asaselhdergraduate students, to participate. Iniaddit
it is designed to help build new fields of studgithre inherently interdisciplinary.

This study was conducted through site visits, photerviews with principal investigators (PIs) and
BBSI directors, and through surveys of former BB&idents, faculty participants, and PIs whose
proposals were not awarded. SRI surveyed 444 stsidend 152 faculty members who participated in the

! The average stipend amount provided to each urahgte student was $3,389. Most BBSIs also prdvide
support for housing and meals, estimated rough$2#4100 and $1,000, respectively, per student. dlrallowances
ranged from $300-$500 across the BBSIs. Graduatiests typically received $1,000-$2,000 more than
undergraduate students; the $6,889 estimated diostiper student does not take into account tHeiaxal
funding received by graduate students. The caloulas based on undergraduate students only bethesast
majority of BBSI students in 2003-2006 were undadgiates.

2 According to the BBSI annual reports, the totahiber of student participants in the BBSI Progrars wal. One
BBSI provided a list of students that was one pedwrt of the number given in its annual rep@dying a total of
450 to be surveyed. Five of these 450 student®nekgul that they did not participate in the BBSIgPam and one
student was deceased. Eliminating these six stadenineligibles leaves a total survey populatiofdd students.
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BBSI Program between 2003 and 2006. Also surveya® the 21 Pls who applied for BBSI grants in
the 2002 competition but who were not awarded.

The surveys were administered online, with e-mafifications and reminders. A total of 282
students completed the Survey of Student Partitspéor a response rate of 63.5%. When the 87 stade
whose contact information could not be locatedexxduded from the base, the student response rate
becomes 79%. A total of 107 faculty members respdrd the Survey of Faculty Mentors — a 68%
response rate based on the total survey populatidra 70% response rate when the 4 faculty members
who could not be located are excluded from the .Hesarteen non awardees responded to the Survey of
Non-Awardees, for a response rate of 67% for tted survey population and 70% when the one person
who could not be located is excluded.

All data shown in the figures and tables are derivem the BBSI surveys and interviews conducted
in 2008 by SRI International.

[Il. MAJOR SURVEY FINDINGS

Profile of Survey Participants

Women were well represented among BBSI studentsrimitamong faculty participants or non-
awardees. There was very little participation framderrepresented minorities among students or
faculty.

Women comprised 45% of BBSI student respondentstiyt21% of BBSI faculty respondents and
14% of non-awardee respondents. About 6% of bottesit and faculty respondents were of Hispanic
ethnicity (regardless of race). Racially, all fagwere white (85%) and/or Asian (15%), as weretmos
students. Less than 9% of students were underexgegs minorities (Figure ES-1).

Figure ES-1. BBSI Student Respondents, by Race/Ethn icity: 2003-2006
(%, including multiple responses)

) 73%
White

Asian

Black/African-American

Native Hawaiian/Other Pacific
Islander

American Indian/Alaska Native

Hispanic (any race)

1 T T T T T T T T
0 10 20 30 40 50 60 70 80

Note: Students count once in each category they reported. Only 15 of 264 students who gave race/ethnicity reported more
than one category.
Source: NIBIB/NSF, BBSI Survey of Student Participants, 2008.
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Most former BBSI students were still in undergradieaor graduate school at the time of the survey.
More than a third of those currently enrolled andd)%6 of those currently employed were studying or
working in bio/biomedical engineering or bioinformics. Almost 4 in 5 faculty participants were
working in these fields.

Nearly two-thirds (64%) of BBSI students were elawlin either an undergraduate or graduate
program at the time of the survey. Of these 178esits, 14% (N=24) were still in an undergraduate
program and 86% (N=151) were in a graduate progk&dt research doctorate, 3.4% joint MD/PhD,
15% professional degree, 14% master’s. More ththiré (34%, N=58) of all current students were
specializing in a BBSI target field (Figure ES-2a et increase of 13 BBSI majors since these stade
participated in the BBSI Program. At both the uigdaduate and graduate levels, more current students
were majoring in biomedical engineering or bioergiring than in any other field.

Figure ES-2. Current Enrollment and Employment in B io/Biomedical Engineering and
Bioinformatics: 2003-2006 (% of total enrolled ore  mployed)

39%

40—~
36%

35
OBio/biomedical engineering B Bioinformatics OBoth

30

23%
25+

20 17%

15 13%
11%

10

4%

1%

Enrolled students Employed students Faculty

Source: NIBIB/NSF, BBSI Surveys of Student Participants and Faculty Mentors, 2008.

A third of student respondents (34%) had a jobratten a research/teaching assistantship or an
internship at the time of the survey (including sostudents who were also enrolled in school). About
30% of this subset of students were working in &BBurget field, as were 79% of faculty particigant
Most faculty (94%) were employed by universitiesolleges. Close to two-thirds of these academics
(63%) said their department encouraged, but didewptire, faculty to mentor undergraduates in
research.
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Most student respondents had received a bacheldegree and some also had earned a master’s
degree by the time of the survey. Very few studératd attained a more advanced degree. Nearly a
fourth of all degrees earned by BBSI students werdBBSI target fields.

By the time of the survey, 91% of former BBSI stoidehad earned a bachelor’s degree; 14% a
second bachelor’s degree; 22% a master’s degree; (@%fessional degree (N=5); and 3% a research
doctorate (N=9). About 8.5% had not received adrygegree yet.

As Table ES-1 shows, nearly one in four (23%) efdegrees already earned by student respondents
was in a BBSI target field: bio/biomedical engiriegr(15.7%, N=58); bioinformatics (7.3%, N=2A.
comparison of these data with majors at the timBR®I| participation indicates that
bioinformatics, in particular, has benefited frame BBS| Program: 27 degrees to date vs. 16
majors at the time of BBSI participation. The 58des earned in bio/biomedical engineering
exceed the number of majors in that field at threetof BBSI participation, but only by 2
degrees.

A fourth (25%) of all students with bachelor’'s degg earned their degree in a BBSI target field, as
did a third (33%) of all students with master’s s (including both first and second master’s eesjr
One of the 9 PhDs received a doctorate in a biomdétics-related field.

Table ES-1: Degrees Received by BBSI Students in B BSI Target Fields, by Type of Degree: 2003—2006 BBS | Cohorts
(student responses, number of degrees, % distributi on)

Type of degree earned

Number
1st of
1st 2nd 1st 2nd 1st prof'l research degrees % of all field

Field of degree BS/BA BS/BA MS/MA MS/MA  degree doctorate in field reports
Number of students reporting

degree field & type (duplicated) 254 38 60 3 5 9 370 100%
Bio/biomedical engineering 48 0 10 0 0 0 58 15.7%
Bioinformatics 16 0 8 2 0 1 27 7.3%
Total BBSI fields 64 0 18 2 0 1 85 23.0%
% of degree type 25.2% 0.0% 30.0% 66.7% 0.0% 11.1%

Note: Bio/biomedical engineering includes biomedical optics. Bioinformatics includes computational biology and similar fields. Degrees
include those earned by students before BBSI participation as well as those earned after completion of the BBSI Program. Students
who reported multiple degrees count once in each category. Percents are based on the number of field reports in each category.

Source: NIBIB/NSF, BBSI Survey of Student Participants, 2008.

Selection of Students for BBSI Program

Faculty used a diversity of criteria in selectinguslents for the BBSI Program. Most important was a
student’s motivation or enthusiasm. Least importamas previous experience in bioengineering or
bioinformatics.

About 46% of faculty respondents were involvedetesting students for the BBSI Program. Of the
18 selection criteria listed in the survey, a stdemotivation or enthusiasm was considered most
important to acceptance into the program (a megoitance of 3.5, based on a 4-point scale where 1 =
not at all important and 4 = extremely importafitiree in five faculty participants involved in the
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selection process (60%) considered a student’svatain or enthusiasm to be extremely important and
another 33% said fairly important

Next most important to the selection decision, waittmean importance of 3.2, were letters of
recommendation, the student’s essay, and the gtad&RA in the major or selected courses. Achiewng
good mix of men and women and a good mix of raslahic groups scored a mean 3.1 and 3.0,
respectively. Less important were bringing in stidavith disabilities, with a variety of majors, foom
different types of institutions (including those evh research opportunities are very limited); adgoo
match between the student’s interests and theestteof faculty participants; previous research
experience or experience in bioengineering or womatics; the student’s major, courses taken, and
overall GPA.

Although faculty did not consider the student’scaraic level to be as important as several other
selection criteria, 37% preferred juniors and 10%fqrred sophomores. About 45% of faculty prefeaed
mix of classes or indicated “no preference.” Anrelager percentage of faculty (72%) showed no
preference between undergraduate students whoalveegly committed to going to graduate school and
those who were undecided.

Motivations for Participating in BBSI Program

Getting an opportunity to do hands-on research whe primary reason students applied to the BBSI
Program, and giving undergraduates this opportunityas the primary reason faculty participated in
the program.

Nearly all students cited the opportunity for adson research experience as a major reason for
applying to the BBSI Program; 85% of students #aiislwas extremely important to their decision,
resulting in a very high mean importance of 3.&dobon a 4-point scale. The second most important
reason for applying (a mean 3.5) was getting a@hémlearn more about what it is like to be a
researcher; 65% of students said this was extreimglgrtant to them. Third most important (a mea) 3.
was having an opportunity to see if bioengineeand bioinformatics are fields the student might be
interested in pursuing; 54% of students said tlas extremely important to their applying. Although
students may not have had prior exposure to bineeging or bioinformatics, 87% of students were
“interested” in bioengineering or bioinformatics evhthey applied to the BBSI Program.

Less important to students, but still rated abowsean 3.0, were the stipend and support package; th
research projects of the BBSI faculty; and havinggperience that might help them get admitted to
graduate school.

Students obtained information about the BBSI Progrmafrom a variety of sources, but mainly from
websites. Half of student respondents applied ftrey research opportunities for the same summer,
including other BBSIs.

Three-fourths of students (75%) accessed websitiesitn about the BBSI Program. In contrast, only
15% learned about the program from past or cuB&8! students. Students also received information
about the program from BBSI faculty or researcl{2i8o); BBSI program directors, coordinators, or
other administrators (22%); non-BBSI faculty ora@shers (23%); and BBSI brochures (24%).

Half of BBSI students applied for other researchastunities for the same summer: 63% to the
Research Experiences for Undergraduates (REU) amgd39% to the NIH Summer Research Program;
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33% to another BBSI; 32% for a non-university inghip; 31% for a university research assistantship;
2% for federal work-study; and 10% to one or mdreosummer research programs.

Giving undergraduate students a hands-on researcperience was by far the most important factor in
faculty decisions to participate in the BBSI Progra(a mean importance of 3.7 out of 4§5% said this
was extremely important to their decision.

The second most important impetus for faculty pgodition (a mean 3.2) was the opportunity to work
with a diverse group of students, which was exttgnmeportant to 45% of faculty participants.
Advancing the field of bioengineering or bioinfortica was the only other factor to receive a mean
importance score above 3.0, although not far belvierd having an opportunity to interact/collaborate
with colleagues in other departments or schootsats institution and having an opportunity to give
back for one’s own personal experiences with cellegntors. Advancing one’s career was cited least
frequently as a reason for participating (a me8in perhaps because 84% of faculty participantgwer
already tenured or on tenure track and 69% weeadyr full or associate professors.

Perceptions of Key Features of BBSI Program

Both students and faculty agreed that the four Keyatures of the BBSI Program are important, with
some variation in degree of agreement. Embeddedach feature is faculty mentoring of students,
which received high satisfaction marks from student

Students felt strongly that all four features anpartant, while faculty were less positive abowet th
need for a second-summer experience and includardugte students in the program (Table ES-2). There
was nearly unanimous agreement about the importafrite hands-on research experience, and the
groups shared the view that the didactic experi¢omearses, lectures, research seminars) was less
important than hands-on research but still veryartgmt. Students were mentored by BBSI faculty
throughout the summer. Overall, they were verysfiatl (a mean 3.5 out of 4) with the support predid
by their faculty mentor.

Table ES-2. Perception of Importance of BBSI Progr am Features: 2003—-2006 (mean agreement)

Mean level of agreement that feature is important
BBSI Program feature Students Faculty

Hands-on research 3.9 4.0
Courses/lectures on academic subjects and

X 3.7 3.7
research seminars
Second-summer experience 3.8 3.6
Graduate student participants 3.7 3.1

Notes: The mean is based on a 4 point scale, where 1 = disagree, 2 = disagree somewhat, 3 = agree
somewhat, and 4 = agree. Responses for second-summer experience and graduate student participants
are limited to faculty at BBSlIs that had the feature and to students who experienced a second summer or
were in a BBSI Program that included graduate students.

Source: NIBIB/NSF, BBSI Surveys of Student Participants and Faculty Mentors, 2008.
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A. Education Component

Didactic activities are included in the BBSI Prognato give students coming from a variety of majors
and experiences a grounding in the fundamentalstié subjects and tools needed in bioengineering
and bioinformatics. Students learn these subjectsldools through a variety of formats.

Most students (96%) attended courses or lecturesademic subjects taught by BBSI faculty during
their first BBSI summer, and presented or discusiseid research findings in seminars. More than 90%
of students attended research seminars led by B88lty and/or seminars and lectures given by datsi
speakers. Students were most satisfied (a mean3a34-point scale) with the research seminargyed
BBSI faculty, seminars or lectures presented bgidatspeakers, and seminars in which students
presented their research. Instruction in acadeutjests and professional development were rated
somewhat lower by students but still above a me@nEXcept for professional development, a majority
of students were “very” satisfied with all didactictivities.

Faculty deemed the seminars in which students presel discuss their research results to be the
most important didactic activity (a mean 3.7 ou#tpf75% said these seminars were extremely impgrta
21% said fairly important, and 4% said somewhatadrtgnt. Faculty considered the courses and lectures
on academic subjects to be next most importandttaients (a mean 3.2).

The courses, seminars, and lectures offered by BBSIs expose students to a variety of academic
subjects and tools, as well as professional develept. The most common academic subjects were
research tools/techniques and biology. The most owon professional development topic was
communication/presentation skills.

According to Table ES-3 (see next page), at kast student respondents received instruction or
training in research tools/techniques (87%), bipl(85%), and communication/presentation skills (0%
More than three-fourths of students received imsiwn in bioinformatics and/or bioengineering. A
majority received training in career planning. Festdents received instruction in proposal writangl
resume preparation. Faculty responses about tihestopvered in their BBSI's first-summer curriculum
were very similar to student reports except for cmmication/presentation skills and career planriog,
which faculty reported greater coverage than stisdeported. Students also benefited from the
education component through exposure to careeessiminals and by forming bonds with other BBSI
students in class.

B. Research Component

The BBSI Program focuses on giving students a resdeexperience in bioengineering and
bioinformatics.

About 93% of students and 84% of faculty reporti@ihiormatics and/or bioengineering as the focus
of their BBSI research. About the same percenthgach group (47% of students, 46% of faculty)
reported a research focus on bioinformatics. Biowreging was reported by 42% of students and 38% of
faculty. Some respondents said their researchveddboth fields.

Students spent almost two-thirds of their time hrefr first BBSI summer doing “hands-on” research
and the other third attending courses, lectures,smminars. Students in some BBSIs would like more
research time and less time in courses or seminars.

Although 70% of students thought the distributidtimme between hands-on research and didactic
activities was about right, 30% said they had ttile ltime for hands-on research and 21% felt tme t
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spent on BBSI courses, seminars, and lecturesapamtich. The students who felt they spent too much
time on course work were concentrated in three BB&bout 37% of students continued their research
from their first BBSI summer into the academic year

Faculty participants more often thought the distiiiim between hands-on research and didactic
activities was about right for students. About 2@Pfaculty thought the time available for hands-on
research was too little for students, and only %&aculty thought the time spent on course work wa
too much.

Table ES-3. First-Summer Curriculum of Education C  omponent: 2003—-2006
(% of student and faculty respondents reporting cov erage of subject/topic in
their BBSI Program)

Subjects/topics Students Faculty
(N =282) (N =104)

Academic subjects

Bioinformatics 76% 75%
Bioengineering 77 71
Other engineering 45 34
Biology 86 83
Statistics 52 58
Computer programming 63 64
Ethics 70 68
Research tools & techniques 87 88
Other academic subject 8 17

Professional development

Communication/presentation skills 80 87
Proposal writing 41 40
Resume preparation 29 25
Career planning 54 65
Other professional development topics 3 6

Source: NIBIB/NSF, BBSI Surveys of Student Participants and Faculty Mentors, 2008.

Most BBSI students collected and/or analyzed datal aelivered an oral presentation describing their
research and results. Fewer completed their reségpcoject during the BBSI Program or afterward.

Figure ES-3 presents a selection of the reseatohtes in which BBSI students participated. The
most common research activity was the collectial@manalysis of data (reported by 93% of students)
The second most common activity was an oral prasentof the research results (92%). Only 71% of
students completed their project during or afterBBSI Program. For the most part, faculty indidate
greater student participation in the different egsh activities at their BBSI than students repbfte
themselves. Faculty also reported that a majobib@4) of students in their BBSI authored/co-authored
papers or articles for publication in peer-revieyadnals during the first BBSI summer.
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Figure ES-3. Research Activities of BBSI Students: 2003-2006 (%)

Collected/analyzed data to answer l 93%
research question ‘ ‘ ‘ ‘ ‘ ‘
Delivered oral presentation on 92%
research results ‘ ‘ ‘ ‘
Completed research project during in%
or after BBSI ‘ ‘ ‘ ‘
Prepared/gave poster presentation l [70%
on research results ‘ ‘ ‘ ‘
Prepared final written report on l 670
research results ‘ ‘ ‘
Went on research-related field l 56%
trip(s) ‘ ‘ ‘
Wrote proposal describing research l 54%
plans
Attended student conference w/ l46%
students from other colleges
Attended professional conference 24%
not specifically for students
Mentored other students in
conducting research
I I I I I I I I
30 40 50 60 70 80 90 100

Source: NIBIB/NSF, BBSI Survey of Student Participants, 2008.

Students reported high levels of satisfaction witte research component, especially with the
independence they had in doing their BBSI work. 8tnts were least satisfied with their role in
selecting or designing their research project arieetdegree to which they felt they were an integral
part of a research team.

Nine in 10 students (89%) said they learned howotaluct research independently, and 93% were at
least somewhat satisfied (66% very satisfied) withindependence they were given (a mean satisfacti
level of 3.6). Students rated collaboration andniwark somewhat lower than independence, perhaps
because they worked more on their own. About 85%uadents said they learned how to collaborate with
others on research, and 80% were at least someatisfied with the extent to which they felt thegre
an integral part of a research team (a mean setiisfidevel of 3.2).

From various results it appears that students wolile to be more involved in selecting and desigmin
their research projects.

Students were less involved in developing theieaesh project than in other activities and reported
less satisfaction with their involvement than withst other aspects of the research component. Only
20% of students had primary responsibility for gasig their project. About 50% were able to provide
input but someone else had primary responsibititydesigning the project. Almost 29% had no
involvement.
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C. Second Summer

The BBSI Program allows the institutes to bring bastudents for a second summer of research
training. Practices vary with respect to which strts can return for a second summer. Some BBSls
open it up to all students who completed a firstramer, some invite back only certain students, and
some do not operate a second-summer program.

About 7 in 10 students were informed about a sesomgmer of training at their BBSI. About 6 in 10
wanted to return for a second summer, but only ¥iactually came back. More than 9 in 10 students
learned about the second-summer opportunity fram 8BSI program director, coordinator, or other
BBSI administrator, and about 7 in 10 learned alitdubm BBSI faculty or researchers. A majority of
students obtained information from a website (5@%g)/or other BBSI students (54%).

There is more emphasis on research and less empghasicourse work in the second summer. Students
spent more than three-fourths of their time on hasw@n research in the second summer, compared to
two-thirds of their time in the first summer.

More than 9 in 10 second-summer students partipiait the different types of research-oriented
seminars or lectures, compared to 7 in 10 who@patied in courses or lectures on academic subjects
Participation in courses/lectures during the secamdmer was significantly lower than in the first
summer, when 96% participated. Second-summer disidpant 77% of their time on hands-on research
and only 23% of their time on didactic activitidsable ES-4). Students and faculty agreed thatitie t
required for course work in the second summer shbelless than in the first summer and that the
content of the course work should be different.

Table ES-4 Time BBSI Students Spent on Hands-on Re  search vs.
Courses/Lectures/Seminars in Second Summer Compared to First Summer: 2003—-2006
(mean % time spent)

Mean % time students spent,
as reported by

Time students spent on ... Students Faculty
Second summer (N=75) (N =50)
Hands-on research 77.2% 76.2%
Courses/lectures/seminars 22.8 23.8
First summer (N =281) (N =103)
Hands-on research 65.7% 65.2%
Courses/lectures/seminars 34.2 34.8

Source: NIBIB/NSF, BBSI Surveys of Student Participants and Faculty Mentors, 2008.

Three-fourths (76%) of second-summer students thicihhg amount of time spent on hands-on
research during the second summer was about bghf,3% would have liked still more time. About
90% of faculty thought the research time in theosdcsummer was about right.

Nearly all students and faculty agreed that a twarsmer program promotes a longer, more
continuous connection between faculty and studefiteean agreement of 3.8, out of 4). Both groups
also showed a high level of agreement about studdiging able to jump right into their research in¢
second summer because they have a summer of rekdaghind them. Their views diverged on other
matters.

Faculty agreed more than students that the seeonther allows students to focus a lot more on

research than they could in the first summer, $babnd-summer students resemble graduate stugents b
the end of the second summer, and that they hdptdirst-summer students and serve as peer ngentor
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In other ways, faculty participants appeared ttebe supportive of the second summer. About 22%
of faculty thought one summer would be enough fostnundergraduates, compared to 10% of students
who felt one summer would have been enough for thghile 87% of faculty agreed that the second
summer produces a higher quality student, onlyttvials felt the real payoff for the BBSI Program
comes in the second summer. More than a fourthaefity (28%) thought it would be better to maximize
the number of student participants by keeping timalrer of second-summer students low, and 20%
thought it would be better to fund students foeeosid summer using non-BBSI resources. While only
6% of faculty felt the second summer should be pedpaltogether, 50% thought only outstanding
students should be invited back.

D. Graduate Students

More students (86%) than faculty (81%) thought imcling graduate students was importabout
46% of students and 29% of faculty said their BBiftluded graduate students who had to meet the
same basic didactic and research requirements asuhdergraduate participants. A significant
number did not know if graduate students particigatin their program.

More than three-fourths of each group agreed ttetugte students help undergraduates in
considering graduate school and career choicesnane than two-thirds of each group agreed that the
BBSI Program gives graduate students an opporttmityange direction or narrow their focus.
Interestingly, faculty (81%) were more inclinednhgtudents (76%) to think that undergraduate stsden
benefit from observing the maturity and work etbigraduate students.

E. Faculty Mentoring

Most faculty participants have mentored BBSI studenAccording to both faculty and students, the
mentor:student ratio in the BBSI Program is verywo

A third of faculty mentors had mentored a total.afr 2 students (counting all summers), another
third had mentored 3 or 4 students, and the fimed thad mentored 5 or more students. About 39% of
students said they were the only BBSI studentssadvby their faculty mentor during their first susmm
Another 31% shared their mentor with just one oftedent.

Almost two-thirds (63%) of faculty mentors spentlaast 5 hours per week mentoring each of their
students. The other mentors spent 1-4 hours witlcleatudent. Mentors assisted their students aftes t
BBSI Program as well as during the program.

During the program faculty mentors were far mokely to advise their BBSI students on the
direction of their research (92%) than on gradsat®ol plans, career choices, or what undergraduate
courses the student should take (see Table ESvB)all) students were very satisfied (a mean 3t®bu
4) with the support provided by their faculty mandorring the first BBSI summer.

Oncethe students completed the BBSI Program and addasczdemically, mentors’ advising of
students on research, undergraduate courses, tgaabiol plans, and career choices decreased, and
their writing of recommendation letters for studg@ipplications for employment, graduate schoad, an
fellowships/grants increased. For both time framasntors reported a much higher level of helping
students than students reported receiving.
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Table ES-5. Assistance Given Student by Faculty Me  ntor During and After the BBSI Program: 2003-2006
(% reporting assistance received/given)
During BBSI Program After BBSI Program

Students Faculty Students Faculty

Did the faculty mentor ...? (% yes) (% yes) (% yes) (% yes)
(N=279-282) (N =98-103) N =263-267) (N =90-97)

Advise the student on the direction of her/his 92% 99% 28% 42%
research
Advise the student on graduate school plans 53 83 38 57
Advise the student on career choices 43 72 30 48
Advise the student on courses to take in
undergraduate school 19 32 8 18
Write recommendathn Igtters for the student’s 21 45 48 78
graduate school applications
Write recommendation letter(s) for the student’s
fellowship/grant/etc. applications 14 31 30 53
Write recommendathn letters for the student’s 8 20 14 38
employment applications
Note: Students reported about their personal experiences with their BBSI mentor during their first BBSI summer. Faculty
reported about their activities with all BBSI students they have mentored across summers.
Source: NIBIB/NSF, BBSI Surveys of Student Participants and Faculty Mentors, 2008.

Students interacted informally with their mentorsavell as with other students. Communications
between faculty and students continued after the®Brogram.

A majority of students (53%) reported socializinghvtheir faculty mentor at least twice a month,
and 38% said they socialized 4 or more times a manthird (34%) of faculty mentors reported
socializing with their students at least 4 timaaanth, but another third did not socialize at athwheir
students. More faculty (83%) than students (69%6) ey stayed in touch with each other after tBSB
Program.

Students socialized much more often with other B&6&d#lents. More than three-fourths of students
(78%) socialized with other BBSI students 4 or norees a month during their first BBSI summer, and
the same percentage said they stayed in touchotviy BBSI students after the program.

Effects of BBSI Experience on Students

The BBSI experience increased students’ awareneass anderstanding of bioengineering and
bioinformatics, related careers, and graduate schas well as their research skills and self-
confidence.

Both students and faculty reported the greateseases (a mean 3.6 out of 4) in students’
understanding/awareness of what bioengineerindarformatics are, including the variety of
applications (Table ES-6). About 62% of studenid #zeir understanding/awareness of these fields
increased a great deal, and another 31% said anfaunt. Faculty reported 61% and 35%, respectively
for the BBSI students they mentored.
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Table ES-6. Effect of the BBSI Experience on Stude nts’ Awareness, Understanding, Skills, and Abilitie  s: 2003-2006
(student and faculty respondents, mean increase)
Mean increase
To what extent did the BBSI experience increase students’ ...? Students Faculty
(N = 276-280) (N = 103-106)
Understanding/awareness of what bioengineering and/or bioinformatics are, 36 36
including the variety of applications ’ ’
Understanding/awareness of the variety of fields related to bioengineering and/or 34 35
bioinformatics that you could specialize in ' )
Skills/abilities in working independently 3.3 3.4
Skills/abilities in delivering oral/PowerPoint research presentations 3.3 35
Understanding of the nature of the job of a researcher 3.3 3.5
Understanding/awareness of how your work contributed to the "bigger picture" of 3.2 34
research in bioengineering and/or bioinformatics ) '
Ability to clarify your interests and to make informed decisions about your future 32 33
plans ’ ’
Confidence in your ability to succeed in graduate school 3.2 34
Understanding/awareness of career options in bioengineering and/or 32 34
bioinformatics ’ ’
Skills/abilities in preparing written research reports, papers, or posters 3.2 3.4
Confidence in your research skills generally 3.2 3.4
Intellectual and social network of professional colleagues and friends 3.1 3.3
Quialifications for jobs in bioengineering and/or bioinformatics 3.1 3.2
Skills/abilities in working collaboratively with others 3.1 3.4
Understanding of what graduate school is like 3.0 35
Note: The mean is based on a 4-point scale, where 1 = not at all, 2 = somewhat, 3 = a fair amount, and 4 = a great deal.
Source: NIBIB/NSF, BBSI Surveys of Student Participants and Faculty Mentors, 2008.

Except for the last four items in Table ES-6,eatst 80% of students reported a great deal or fair
amount of increase for every item, and at least 4886rted a great deal of increase. Faculty weea ev
more positive about what students gained from tB8IB:xperience. For all but two items, 85-96% of
faculty reported a great deal or fair amount of@ase in their students’ understanding, awares&sis,
or abilities.

Many students authored or co-authored articlesitafioengineering or bioinformatics during or after
the BBSI Program. Nearly a fourth of students (28B465) said they wrote articles that were, or \wé|
published in peer-reviewed academic journAlsout 46% of faculty respondents (N=49) said they c
authored articles with students they mentored. AB8&b of each group reported writing one article] a
27% wrote two or more articles.

The BBSI experience increased students’ interesbisth graduate work and a career in
bioengineering or bioinformatics. It also increasdbeir interest in working in academe and industry.

A majority of students (53%) said their interespursuing graduate work in bioengineering
increased at least somewhat because of their Bferience; 41% of students became more interested i
pursuing a graduate degree in bioinformatics (Fdt6-4). On the other hand, 14% of students reghorte
less interest in bioengineering after their BBSdemxence and 19% reported less interest in
bioinformatics. Percentages for increased and deetkinterest in a career in these fields as & afsu
the BBSI experience were about the same. Intemegorking in academe increased for 62% of students
and interest in the for-profit sector increased3b% of students.
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Bioinformatics

More than a fifth of students (22%) have appli@dd job related to bioengineering or bioinformsitic
since they completed the BBSI Program. Of this pr&@2% (N=39) were hired into a job in one of these

fields. Most said their BBSI experience helped preghem for the job.

Degree expectations of about a third of the studentere raised following their BBSI experience.

About a third of students (32%) have higher degpgeectations today than they had before their
BBSI experience. Only 9% lowered their expectatiinsluding switches from a PhD to an MD or other
professional degree). About 47% of students haadspia earn a PhD before they entered the BBSI
Program (Figure ES-5). By the time of the survein 8 BBSI students (60%, N=166) were planning to
pursue a PhD, an increase of 13 percentage points.
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Of those students who did not expect to attaiha Before their BBSI participation, a little le$sn
half (45%) now expect to earn a PhD. Of those stisd@ho planned to pursue a PhD before entering the
BBSI Program, more than three-fourths (77%) stdhpo do so (Figure ES-6).

Figure ES-6. PhD Expectations Flow Chart for
BBSI Students

Of 100 BBS! Students
47 expected 36 still

PhD __—~ expect PhD \ 60 hav
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pre-BBSI — 44 6 longer current

expect PhD expectations
of PhD
24 have new

53 didn't —— expectations 40 do ?g}‘gow
expect PhD \ of PhD / expec
pre-BBSI 29 still don't

expect PhD

Source: NIBIB/NSF, BBSI Survey of Student Participants, 2008.

The BBSI experience helped students prepare fordyrate school.

Almost two-thirds of former BBSI students (63%) battended graduate school since finishing the
BBSI Program; 55% were still enrolled at the tinieh@ survey. More than 9 in 10 of these students
(92%) felt the BBSI experience helped prepare tf@mgraduate school, and 32% said it was extremely
helpful.

Student Satisfaction with Overall BBSI Experience a  nd Organization

Students were highly satisfied with their overalBBI| experience and with several organizational
aspects of the programs.

About 69% of students were “very satisfied” and 288¢e “somewhat satisfied” with the overall
BBSI experience, for a mean satisfaction score®b8t of 4, where 1 = very dissatisfied and 4 ryve
satisfied. Students were also highly satisfied whthstipend and support package (a mean 3.6and t
organization of the program (3.5). They were &ligss satisfied with the living arrangements X au4d
social/cultural activities (3.3). A majority of stents (58-62%) were “very satisfied” with every esp
except social/cultural activities.

Effects of BBSI Participation on Faculty

Participation in the BBSI Program has had less effeon faculty interests and actions than on
students, probably because faculty are alreadylfagstablished in their careers and routines. Being
able to work with undergraduate students has hae tgreatest effect on faculty, although the mean
extent of effect is only 2.6 (based on a 4-pointlec where 1 = no effect and 4 = great deal of efje

BBSI participation has affected faculty most by: *

» Giving them an opportunity to work with undergratisathat they wouldn't have had otherwise (78%)
* Increasing their interactions with faculty in otltmpartments/schools at their institution (77%)
» Bringing greater visibility to their academic adies (68%)
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* Increasing their involvement in interdisciplinagsearch (65%)

» Leading to new collaborations with faculty in otlidepartments/schools at their institution (56%)
* 0ps represent faculty who reported somewhat, raafaiount, or a great deal of effect. Mean extermffefct
ranges from 2.6 to 1.9 for these potential effficésed on a 4-point scale, where 1 = no effecdandjreat
deal of effect).

A majority of faculty also said their BBSI partieifpon has resulted in new articles getting publishe
in peer-reviewed journals, more interactions wébuity at other institutions, and needed teaching
experience. A significant majority (56-85%) saiditrBBSI participation has had no effect at all on
redirecting their research, making new collaboratiwith faculty at other institutions, reducingithe
usual publication output, limiting their time doingsearch, limiting their time with family and frids,
getting a promotion in academic rank, or gettimgite. The good news is that there seems to be very
little negative effect on faculty.

Effects of BBSI Program on Institution, Department, or Program

The BBSI Program appears to have had more effectinstitutions, departments, and programs than
on faculty participants, although the mean exterteffect is not much higher. The program has had
its greatest effect on interdisciplinary researclithin the institution (a mean 2.7 extent of effedtased
on a 4-point scale).

A substantial majority of faculty reported that 8BSI Program has affected their institution,
department, or program at least somewhat by: *

* Promoting interdisciplinary research (87%)

» Increasing interactions/collaborations among facultdifferent departments or on different
campuses at the faculty participant’s instituti¢8s%o)

* Bringing new recognition/prestige to the instituti@epartment, or program (80%)

* Helping with recruitment of high quality studen89%o)

» Changing perceptions about what undergraduated@&nc%o)

* Increasing interactions/collaborations with othestitutions (62%)
* 0ps represent faculty who reported somewhat, ragfaiount, or a great deal of effect. Mean extemffact
ranges from 2.7 to 2.0 for these potential effficésed on a 4-point scale, where 1 = no effecdandjreat
deal of effect).

More than a third of faculty (36%) reported the BBBogram having an effect on creating new
graduate programs in bio/biomedical engineeringinbbrmatics, or related fields. Considering thany
institutions had programs in place before their BBf®gram began, the goal of the program in helping
institutions build new programs in these fields hasn met successfully.

Actions of Non-Awardees after Being Declined a BBSI Grant

Despite having been declined a BBSI grant, most reamardees also have been involved in activities
that contribute to giving undergraduates a researekperience in bioengineering or bioinformatics.
Several non-awardees applied for new funding togivndergraduates such an experience, although
only one was successful in obtaining funds.

Of the 14 non-awardee respondents, 6 (43%) subadgwapplied for new funding that would give

undergraduates a research experience in bioengigesrbioinformatics. Two Pls reapplied for BBSI
funding in 2006 and were declined again. One agfitie a Research Experiences for Undergraduates
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(REUV) grant from NSF or NIH and received an REUngyrahree Pls applied for other types of
undergraduate research funding and were declined.

Although most non-awardees did not receive sulsgdunding, 11 respondents said they have
engaged in activities that contributed to undergadel research experiences in bioengineering or
bioinformatics, for example, througtepartmental support of undergraduate researctetuhy
individual PI grants and NSF REUSs.

[ll. RECOMMENDATIONS

1. The BBSI is meeting its program goal of attraugj students to graduate study and careers in
bio/biomedical engineering and bioinformatics, arsthould continue to be funded.

The results from the surveys of faculty and stughamticipants confirm that the BBSI Program has
achieved its main goal of attracting students smgate work in bioengineering and bioinformatidsisT
is evidenced by positive changes in PhD expectati@fiore and after a student's BBSI experience.
Students and faculty generally said their BBSI eigoee was positive. Almost all students who
advanced to graduate school or found jobs in relédéds reported that their BBSI experience was
helpful in preparing them for graduate school opkyment. The BBSI faculty also helped them by
writing recommendation letters.

2. The BBSI Program should continue to support hasdn research.

Having an opportunity for a hands-on research égpee was the primary reason students applied to
the BBSI Program, and giving students a hands-eeareh experience was the primary reason faculty
participated in the program. Almost all studentd &culty who responded to the surveys felt thaidsa
on research is an important feature of the BBSg .

3. SRI recommends that NIBIB/NSF provide guidelinésr the proper balance between hands-on
research and the educational component of the BB8bgram.

Didactic learning is an important feature of the®Baccording to both faculty and student
participants. Considering the high level of impada both students and faculty attributed to thectid
learning component, the BBSI Program was successthls area. However, a substantial number of
both students and faculty expressed the view ithébe first year of the BBSI, too little time wapent
on hands-on research and too much time was sparduwgees on academic subjects and research
seminars. Upon closer examination, the studentsfelhthat too much time was spent on the education
component were concentrated in three BBSiIs.

4. SRI recommends that NIBIB/NSF continue to suppdhe second-year option and to provide
explicit guidelines about it. The majority of factyl and students thought the second-summer option
is an important feature of the BBSI Program.

NIBIB/NSF should consider providing explicit guideds about the allocation of resources between
first-time and returning student cohorts just as/throvide guidance about the proportion of stuslémit
should come from the host institution. Many Plsrfdut difficult to decide how to allocate funds Wween
the first- and second-year students. Different BBR8ade different choices — some decided to inllitera
most students back while others decided not tagramyone back.
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The guidelines should require BBSIs to inform stidén the application package about the second-
summer option and should state whether all or deberving students should have the opportunitg for
second summer.

5. SRIrecommends that the BBSI Program continueaccept graduate students.

From the interviews with the BBSI Pls and directgmmduate students accepted to participate in the
BBSI Program are generally in an early stage df tiraduate study and their academic backgrounds do
not differ qualitatively from the undergraduatedsats. Since the goal is to encourage students to
consider careers in bio/biomedical engineeringl@anhformatics, allowing early-stage graduate shisle
to participate in the BBSI is logical. Furthermattee majority of students and faculty responded
positively about the interaction with graduate stud in the BBSI Program, noting that graduateesitsd
served as role models and helped undergraduatengsud

6. SRIrecommends that NIBIB/NSF continue to suppdhe BBSI Program as an independent
program distinct from the REU program.

The BBSI Program’s didactic learning component sexxbnd-year option are innovative features that
may be adopted by the existing NSF REU ProgranthEumnore, the BBSI Program has led to
institutions creating new undergraduate or gradpedgrams or majors. As newly formed
interdisciplinary fields of study, both bioenginiegrand bioinformatics are in the process of being
established as disciplines. The BBSI Program, esded, has helped accelerate this process, which
justifies maintaining it as an independent targeedram.
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