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Abstract

Launched in 1989, the Young Scholars Program oftidaistern University (YSP) serves to
address the growing national shortage of qualified. citizens moving into STEM careérs

Over the years of operation of the program, ina@dagtention and support for the matter has
grown considerably partially due to recommendatioiasle in the national repoRising Above

The Gathering Storm,® which noted the need for expanded experientiahleg experiences in
STEM for K-12 students. This paper depicts the medhogy and the model used by YSP to
successfully address this national need and inerb@snumber of young people pursuing STEM
career paths. The model developed at Northeasteinetsity YSP has been refined to become a
comprehensive learning experience for program @patnts and university faculty. YSP offers
future scientists and engineers a unique paid dppity for applied experience while still in

high school, allowing students to explore STEM tgod and expose them to a variety of
careers available for STEM professionals. It alsavigles faculty and graduate students across
the campus the opportunity to mentor the next geiwer of STEM professionals. Open to area
applicants who have completed their sophomoreraofwear in high school, the program
encourages the participation of students fromnalbme levels, genders and ethnicities while
providing a stipend for the program's six-week tlara The YSP staff conducts post program
evaluation and analysis to continuously improvehenprogram'’s content, lab assignment
opportunities and to seek new ways to approachrdadace with scholars in an increasingly
interconnected world. In addition, YSP maintaimsework of program alumni that help new
candidates and alumni with their participation i&Asessions and conversations throughout the
college application process. Our data, collectethffast year’s participants, shows high
correlation between participating in YSP and chiegsi STEM major and career.

Introduction

The Young Scholars Program was launched at Nottgreagniversity in 1989 with funding

from the National Science Foundation (NSF) in resgao a national shortage of qualified U.S.
citizens moving into STEM care€sThe first generation of this program ran from 99®97.

In 2004, the program was reestablished with sudpam a private foundation.

In 2005, a report known d&sing Above The Gathering Sornt was prepared in response to a
request by a bipartisan group of Senators and menab€ongress who asked the National
Academies to conduct a study of America’s competitess in the evolving global marketplace.
The report raised questions about what measuresdigoblicymakers could take to enhance the
science and technology enterprise so that the t&tates can successfully compete, prosper,
and be secure in the global community of th& @ntury and what strategies could be used to
implement those actiofhisThe legislation that followed the report increséention and support
of the YSP program. Several newer studies buildmghe “Gathering Storm” report suggest



that even though improvement has been made, fuattiem is required to correct our current
situation. As globalization continues, succesheworkforce is more and more based on
experience and depth of knowledge

Over the past 15 years, several studi@have investigated the effect that high schoolicula
has on the decision to pursue a post-secondaryagdungcollege and graduate school), area of
concentration, the level of academic achievememisudtimately, wages. Some of these studies
indicate that participation in and exposure to nmemeanced courses and materials in the early
stages of education play a substantial role irddesion making process for choosing a college
major and career path. More importantly, theseistusliggest advanced work leads to a
substantial economic return. Following this modet,observed that a program like YSP can
very positively contribute to attracting more youagented individuals to STEM career paths.

One way to attract and retain students' intereSfTiEM fields and careers is to provide students
with experiences that will shed light on the preatiapplications of science, k@arning by doing
science in ways similar to the work scientists actuallyd#Imost every science and
engineering program in the country puts a grealt afeamphasis on this concept and therefore,
have many lab courses that need be taken as aewvunt for graduation from the program.
Equally important to retaining students, especi@hthe transition from high school to college,
is to support these students socially when thayeaat their university on their own for the first
time. By having students feel more comfortable @lbgithey feel less isolated, which positively
affects their “persistence to succeed academitdfly.

Despite increasing national test scores in theHigh-achieving students' interest in STEM
careers is decliniffg The recent study shows that fewer and fewerdjiired talented high
school and undergraduate students are opting feMspathways. Of those who initially choose
that path, fewer finish college with a STEM degrBeis problem is not new. Another stddly
found that retention of STEM majors increased & 1870s through late 1990s. However,
despite some years' positive outcome of STEM retemates, this trend was accompanied by
declines, sometimes sharp, in retention amongitfleebt performing students. This issue is also
being approached by the YSP program. Since sortiteeaftudents participating in the program
still have at least one more year of high-schosljmmer enrichment program like YSP can
greatly increase the classroom learning experibgqeroviding students insight into the
development of STEM problems from concept to ajgplon. We have found that this
experience has a positive influence on the attdude¢hese young individuals towards pursuing
STEM fields.

Unigue Opportunity
There are many other enrichment programs for hitpoal students across the country; however
the uniqueness that the Northeastern University N&Pto offer is at the very heart of the

program:

1. Demographic and socioeconomic diversity



Many of the most prestigious academic enrichmeogiams in our country charge a
participation fee. Those fees, varying from $2,80000, mean that most students from low
socioeconomic backgrounds are financially unabkake advantage of these opportunities. Even
students who might have the means to attend magieddee cost is too great compared to the
benefits to warrant participation. It is also prblgathat students participating in these fee-based
programs have already decided to pursue a STEMIcpegh. For those students, these
programs pave a road to success in making a cdedittare desirable to top schools by
improving their STEM skills and enriching their SWIEknowledge; however, do not necessarily
target those students who lack both overall exogUSTEM careers and access to STEM
programs.

YSP performs the same functions as these fee-lpasgdams, however instead of charging for
participation, we offer a stipend. This stipendat students, even from the lowest
socioeconomic backgrounds, to attend and receevedme benefits as their more affluent peers,
leveling the playing field. The weekly stipend roegh to cover the commuting expenses to
campus and lunch, with a small amount left ovemgarable to a minimum wage job. The
stipend is designed to avoid attracting applicarts will only be participating because they
want a summer job. In fact, there's no mentiorhefdtipend on the program’s website and
students are unaware of it while applying, thusaating only those students who are sincerely
interested in YSP for the unique research expegignuffers

The program’s staff make sure they accept a divgnaep of young scholars. In the application
process the candidates are asked to provide ttfeosname, town, ethnicity, and total family
income among other common demographic informatl@name, gender, age, school grades,
etc. Diversity is a key to ensuring vibrant dis¢oss with participants from all backgrounds.

Facilities

Northeastern University is well-known for combinidigssroom studies with experiential
learning to allow practical applications to be ategral part of the learning process. The
university is also at the forefront of researchnmemy of society’s most pressing STEM issues.
YSP allows students to apply their base knowledgble areas of science, math, engineering,
and technology by providing them with cutting-edgels and research assignments that are not
normally available to high school students in tt& Whe exposure to experimental tools,
methods and mentoring that isn't a part of our igfhool educational system deepens their
understanding of concepts and prepares the youraiass for careers in these fields.

2. Research fields and lab assignments

Each year, a request for partnership is sent ofaictadty from affiliated university centers and
research programs, as well as any new faculty velve expressed an interest in K-12 outreach.
The program is so well-received by faculty thati¢gtly, the program receives more research
assignments than is available with current fundiRgsearch assignments are selected based
upon the quality of the project, evaluations frorayious years (including participant feedback),
and the interests of the current year’s applicaol.prhe participating faculty and their 2011
projects were within the disciplines shown beldResearch assignments were predominantly in



the field of engineering, based upon interestswdents and funding sources. Faculty
participants from 2011 have all expressed an istenecontinuing to work with the YSP
program in 2012 and beyond.

2011 Research Projects

Chemical Engineering
Listen to Bacteria Talk

Civil and Environmental Engineering
Optimization of the Electrochemical DechlorinatinTrichloroethylene in Groundwater

Evaluating Water Quality at Potential Charles RiS&imming Locations

Generation and Monitoring of Gas Bubbles in Sanec#pen to Prevent Ground Failure During
Earthquakes

Evolution of Toxicity of Environmental Pollutantaé Development of Biological Processes for
Water Treatment

Electrical and Computer Engineering
Brain Computer Interface with Classification of Mptmagery Signals

Foreground Object Detection and Tracking in Videssg Statistical Background Subtraction
Vibration Energy Harvester Using Magnetic Material

Lung Imaging Using Optical Coherence Tomography
Mechanical & Industrial Engineering
Mechanical Engineering Design in the Laminar Flaraboratory: Design of a Combustion
Vessel Retracting System
Load-Bearing Capabilities of Ambulation Aids
Development of Wood-Plastic Composites
School of Pharmacy

Cellular Delivery Using Nano-Emulsions

Lab mentors are required to submit a full abstoat¢he proposed research assignment in
addition to detailing specific research activitiesyuired background knowledge and
expectations of participants during the coursénefsummer program. Each year, new faculty
interested in participating meet with program stafdddition to being encouraged to seek best
practices from experienced faculty participants.

3. Field excursions



A variety of corporate and government site visis @nducted so students can see and speak
with scientists and engineers in action. Destimatio 2011 included several well-known
engineering companies, hospitals and researchreeire day each week is reserved for field
trips. Additionally, social trips are organized fpgrticipants to be held after program time in
which a majority of scholars choose to particip&iether building the community.

4. Career/research exploration

Students participate in a weekly seminar seriefy faculty speakers from across university
disciplines. Topics covered in 2011 included: G&ljration, Biomedical Optics and DOT,
Historical Failures and Faulty Designs. Other pnéstgons provided during the students’
homeroom session include an Introduction to Engingewith presentations from
representatives of Chemical, Civil, Electrical @&wimputer, and Mechanical and Industrial
Engineering departments.

5. Education and career counseling

A general overview of engineering education forengdaduate students presented by the Dean's
Office of the College of Engineering and the Depant of Cooperative Education acquaints
students with the nuts and bolts of careers fardigts and engineers. Students are also provided
beneficial information about searching for and gpp) to colleges from the university’s
Admissions Office in addition to the support praddrom YSP staff. Students work on a

college essay from the Common Application throughbe summer, receiving feedback from
staff and their peers. By the end of the prograah estudent completes one essay that he or she
would be able to use during their college applaraprocess.

6. Experience college life on campus

YSP participants become acquainted with collegedrid undergraduate and graduate students,
while having access to university recreational eddcational facilities. Participants are exposed
to university students at varied educational leagld are able to explore the campus as if they
were students themselves. We have an urban camfuamarray of resources that are available
to all young scholars throughout the duration efphogram. This immersion into college life
allows them to become connected to the univeralbyi¢ and comfortable with what their future
in college might look like.

7. Online Resources

Students are required to maintain an electronimgiand laboratory notebook on Blackboard,
an academic platform widely used by universitigasBecure web site is used to provide
program information, support information for STElsreers along with information on the
college application process, as well as publicizeoming STEM competitions and available
scholarships. The site also paves the way for éutlectronic networking and support of
program alumni.

8. Program outcome and achievements



As previously mentioned, the program staff collesfsit from program participants in the form
of post program surveys, as well as surveys witlyiam alumni several years after being in
college or integrating into the workforce. Someha key questions and responses that reflect
the program’s achievements are referenced in duso. Figure 1 shows the response to a two-
part question targeting the effectiveness of thevain goals - attracting more students to
choose STEM fields in college and later as a lengntcareer. The response shows that 65%
chose a career path as a result of participatidinarprogram, and 94% are working today in the
STEM industry. This indicates that approximately®Bad already had their minds set on a
STEM career. This percentage is a very importantber since it suggests that 71% of students
in high school are unsure about college majorkiatdarly stage, and they can very much be
influenced if they are given the right opportuniiowever as a disclaimer, we should mention
that this is not a research paper and thereforeaneonly say that the results showed are
captured by our limited-scope surveys. We do belibowever, that this is a question that
invites further research and investigation.

94%
100%
65%
80%
60% 35%
40%
6%
20%
0%
Working in STEM job Did your YSP affect your
choice of college major?
HYes HWNo

Figure 1. Early years of the program alumni surveyesults

Another important source of input we receive i®tlgh a participant survey at the end of the
program. In this case we are also breaking dowhedmaing experience feedback into smaller
pieces that can help us focus on the componentathanaking the program most effective.



Do you thinkyou are going to selecta STEM majorat If you answered "Yes"to the above question - was

your chosen college/university? YSP a contributing factorin your decision?

89%

Figure 2. Influence of current program on major seéction in college

Figure 2 shows the response to the survey questgasding the influence of the program on
the students to choose a STEM major in collegs.ithportant to keep these results in
perspective by comparing them to the general pdpualaf students in the US choosing STEM
majors. For that purpose, we compared our resulisase provided by National Center for
Education Statisti¢a We did not include the data here instead we argglmij here highlighted
information relevant to our program and discussibawever the reader is encouraged to view
some of the results to get a better grasp of thergg of the need for STEM professionals in our
society. The data clearly shows a significant glointbusiness professionals. Currently
business’ share is 22% of all majors, while all $Tfelds combined are only 15%. Also,
tracing the behavior from the early seventies shibnasbusiness grew from 149% to its current
level, while STEM increased from 19% in the eadyenties to 22% in the mid-eighties
followed by a the steep drop to its current leviedly 15%.

Figures 3 and 4 present some selected questiomsrghthe outcome of the programs’
objectives. Increasing the awareness to STEM caetbivays and preparation for college
together are something the program is trying thaad in hand to introduce the students to a
STEM major in college.

Figure 5 was displayed here to present the studsatisfaction of several different aspects of
the program. This describes in our effort to crelateenvironment and the infrastructure for
networking beyond the six weeks of the program.



Which of the following activities did you do?
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Figure 3. Scientific Activities Performed in the Las
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Figure 4. (Left) Students’ Awareness in STEM Carees and (Right) Preparation for College




On a scale of 1-10, how satisfied are you with
the following :
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social interaction scholars that will
continue past the
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Figure 5. Students’ Input of the Different Aspectof the Program
9. Networking and community building

One of the core objectives of YSP is to maintainngztion to and continue support of the
program alumni. The STEM community that YSP haaldisthed over its history enables
continued networking and support opportunities eafter the students graduate from the six-
week program. In addition to establishing relagimps between YSP participants, students are
introduced to and given the chance to establishwith other university students, faculty, and
past YSP participants. These relationships coattowbe a driving force behind the success of
the program; by creating a nurturing research enwirent, the students become comfortable
with the networking and interpersonal skills invedvin STEM careers.

Networking during the program is accomplished tiglobrown bag lunches, field trips, social
activities, and homeroom activities. The group siioe the YSP programs are small and
conducive to networking and social interaction. Bh@wvn bag lunch events are a way for
students to investigate other research projectsttastudents and faculty associated with the
various lines of work. Career exploration semirares introduce the students to other faculty
and graduate student research on a variety of gisbje

The program staff keep alumni connected and u@te with current offerings through a number
of social media platforms including LinkedIn, Faoek, and Twitter in addition to the outreach
blog that is updated with current research anda$oetworking events. In addition to the social



media programs, the alumni are contacted direbtlyugh email and mail in order to inform the
past participants about events of interest. YSPalare also contacted with requests to
participate in current-year YSP events in ordesttow current participants the possible career
paths and opportunities available to them.

a. College alumni network

The program seeks to provide current YSP studentgpportunity to build relationships with
university students and faculty in addition todell participants. By providing the participants
with a tangible research setting, students aretaldain appreciation of the experience, and
achieve a high level of comfort in networking aedm relations. Working in a team setting
allows the students the opportunity to gain reajgut experience in a workforce setting; over
70% of the research was conducted in a team gityatihich creates a nurturing social
community for the students. The program also hefjpedents feel more prepared for future
work in a similar lab and team environment. Fee#lbauggested the introduction to an adult
workplace has contributed to their experience #sated by figure 6.

In figure 7, taken from last year’s survey feedhaeticipants also noted that they were almost
90% satisfied with their ability to develop relat&hips with other YSP participants that will
continue past the summer experience. The prograoueages and enables social interaction
between other participants and also faculty andaisity students at a rate greater than 90%.

Please ratethe extent to which the followinag aspects of the Youna Scholars Program better prepared vou for

coliaboration and teamwork (on a scale of 1-10, with 10 being the highest ievel of preparation):

Working in a lab setting

Working in a team environment
(in generai)

0.00 2.00 4.00 6.00 8.00 10.00

Figure 6. Working in an mature environment workplace



On a scale of 1-10, how satisfied are you with the following (10 being the most satisfied):

Y QU SDEITY 10 G8VEICD MEIglicNSnips Wilh Cinar young schol

will continue past the summer experience |

Diversity of the studenis

Creating friendships in the YSP program |

Figure 7. Student's feedback on satisfaction fromhie program
b. Industry alumni network

Graduates of YSP are often more than willing tdipigate in establishing and maintaining
strong ties to industry and STEM professions. Gaaelufrom the beginning of the program in
the early 90’s have helped provide feedback antiraeed involvement that allows the program
to continually improve. Over 80% of 2008 alumnivayed indicated that they were interested in
connecting with the current YSP students. Alunmaiiavited to participate in presentations,
field trip events, and webinars during the YSP s@mprogram. The involvement of past YSP
participants gives current students an invaluainpgert system by presenting examples of
potential career paths and connections for futetevorking functions.

Discussion

The Young Scholars Program at Northeastern Unityengs originally established to address
the growing shortage of STEM professionals, whighessential for the U.S.to maintain its
advantage and compete in the global economy. Y8Ressks this issue by identifying students
at a fairly early stage, their high school yeams] ancouraging them to pursue a STEM career
path, in college and later in life.

This can be achieved by our model, identifying &BITdiscipline a student might be interested

in and providing him/her with early hands-on expecde, in our case during our summer
program. Once the student is interested and cartfit®’'she can handle a career in a STEM
discipline, students might feel more comfortableaatinue in this path in his/her future career.
Creating a supportive environment is also veryialuo the success of keeping a student on the
path to a career in one of the STEM fields. YSPdtmee maintains a supporting network of its
alumni and reaches out to them to support andrasgpirrent students. Using these methods YSP
has been very successful with encouraging the anga$ a STEM major as a career path.



It is very difficult to accurately and clearly ewtite the contribution of the program to the
choices of the career paths made by our alumnicandliude exactly what weight our program
had on each participant’s career path. Howeverstéigstical results from our surveys compared
to the national data provided by the National CefaeEducation Statistics, indicate that the
degree with which our alumni move on to scientfiofessions in colleges, universities and later
in life, is more than four times larger than thathe general population in the U.S. This fact, in
addition to results obtained from personal ques@mes of our alumni stating that 65% believe
they chose a STEM caredirectly due to their participation in the programicate that YSP
achieves its intended results.
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