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On the cover: a multipolar spindel during mitosis

RPE cells containing a PLK4 construct under the control of a tet-
racycline-inducible promoter. The addition of doxycycline causes 
transcription of PLK4 to be activated, resulting in an over expres-
sion. PLK4 over expression induces centrosome amplification, 
which causes the formation of a multipolar spindle during mitosis. 
These cells were treated then with Alisertib, which causes an ar-
rest in mitosis of the cells and the formation of monopolar spindles. 
Some of these cells, however, were resistant to the formation of 
monopolar spindles.

- bernat navarro-serer  '17 bbt/bc 
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Undergraduate Research Journal 
Volume 3, Spring 2017

Dear reader,

   The organizers of the WPI Undergraduate Research Journal (WURJ) are proud 

to bring you our third volume. Over the past year, our team has increased in-

volvement and made significant improvements through the generous support 

of the National Science Foundation, external sponsors, and the WPI student 

government associations.

   In this spring issue, we are showcasing a diverse selection of science news 

articles written by PhD students and select undergraduate research conducted 

on campus as a product of WPIs award-winning project-based curriculum. Of 

the many, we’re excited to highlight Alexandra Burr ‘17 and her summer under-

graduate research fellowship (SURF) presented at the national Biomedical Engi-

neering Society (BMES) meeting. We are also thrilled to include our first WURJ 

spotlight interview with Professor Jeannine M. Coburn, Assistant Professor of 

Biomedical Engineering. Additionally, for the first time of any WPI student, PhD 

candidate Kyra Burnett reports on her recent attendance at the AAAS science 

policy CASE Workshop in Washington, D.C. All together, we hope you find these 

articles and the high-quality undergraduate research enlightening.

   The success of this year’s issue would not be possible without the hard work 

and dedication by our graduate student organizers. When not busy conduct-

ing experiments, they volunteer their time to design fliers and advertise WURJ 

across campus, peer-review submissions, report on current news, and raise 

funding. We appreciate their commitment to organizing and advocating scientif-

ic communication while showcasing outstanding undergraduate research to the 

WPI community and beyond.

Sincerely,

Ross Lagoy
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eannine Coburn’s journey into 
tissue engineering and organ fabrica-
tion was not the traditional approach, 
and provides an example to young stu-
dents that you never know when inspi-
ration will strike and what you will end 
up doing after college! 

      As a high school student, Jeannine 
started off as a heating and air condi-
tioning major at a small vocational high 
school in Massachusetts.  She knew 
that she wanted to apply her skills in an 
area that would help people, allowing 
her to make a big impact on their lives. 
Attending University of Massachusetts 
in Amherst, Jeannine pursued a Me-
chanical Engineering major with a fo-
cus on developing limb prostheses. 

     It wasn’t until she attended a Fresh-
man 101 seminar hosted by WPIs own 
chemical engineering Professor Susan 

Roberts that her perspective on her 
research goals changed. Fascinated 
with the concept of cell transplantation 
therapy research, Jeannine switched to 
Chemical Engineering, and had a thirst 
for knowledge in subject areas that 

would provide her with the skills 
and resources to pave a career 
path in tissue engineering. Her 
high school vocational training 
certainly helped her along the 

way; she applied a lot of her hands-
on skills learned in high school to the 
theories and models related to fluid 
mechanics, heat transfer and thermo-
dynamics. Additionally, she credits a 
lot of her expertise to undergraduate 
research opportunities, such as a drug 
delivery research project with Professor 
Surita Bhatia at UMASS Amherst and 
an REU program where she came to 
WPI and worked with Biomedical Engi-
neering’s own Professor George Pins. 
Taking advantage of as many research 
experiences as possible gave her a 
competitive advantage in the gradu-
ate school admissions process, and 
supported her matriculation into Johns 
Hopkins University where she worked 
under the advisement of Dr. Jennifer 
Elisseeff. Her thesis work focused on 
tissue engineering and drug delivery 
strategies to repair damaged cartilage.

     Loving the scenic environment and 
the vast amount of opportunity avail-
able in tissue engineering research, 
Jeannine returned to New England 
for completion of her post-doctoral re-
search under David L. Kaplan.

WURJ Spotlight:
dr. jeannine m. coburn

WPI Department of Biomedical Engineering
We’re featuring Professor Jeannine M. Coburn, a new Assistant Professor of Biomedical Engineering at WPI.

By Dalia Shendi

“Working	with	David	[Kaplan]	gave	
me	a	lot	of	flexibility	in	learning	
about	many	different	applications	
using	silk.”

 “...take advantage of every opportunity and 
follow your passions because you never 

know where life will take you.” 

Dr. Jeannine Coburn is an Assistant Pro-
fessor of Biomedical Engineering at WPI. 
(source wpi.edu)

J
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As part of her post-doctoral work, Jean-
nine learned about a new biomaterial, 
silk, and was able to apply it to many 
different tissue engineering applica-

tions. “Working with David gave me a 
lot of flexibility in learning about many 
different applications using silk,” Jean-
nine states. It provided her with a di-
verse yet strong research framework 
that helped her establish her career 
research portfolio focused on cancer 
therapeutics and development of in 
vitro cancer models to study immune 
cell regulation. Her research portfolio is 
distinct, yet complements the BME de-
partment’s biomaterial and tissue engi-
neering focus, making her a perfect fit 
for the department.

     Jeannine was attracted to WPI for 
many reasons. “WPIs location in a 
growing biotech hub, vast opportunity 
for research collaborations with many 

academic facilities, the school’s ded-
ication to teaching, and supportive 
work-life-balance were all major rea-
sons supporting my decision to come 
to WPI,” she states. 

     When not working hard on research 
or preparing lectures, Jeannine enjoys 
spending time with her daughter, par-
ticipating in outdoor activities, such as 
running, hiking, camping, and snow-
boarding. “Working hard is important 
to success, but making time to enjoy 
life’s adventure is also equally import-

ant,” she states. Her biggest 
advice to students is confid-
ing in your friends and family 
because everyone is going 
through the same thing.

     While not pursuing the traditional 
approach to tissue engineering, Jean-
nine credits her diverse experiences in 
various research areas to her success 

today. The biggest take home message 
from Jeannine: take advantage of ev-
ery opportunity and follow your pas-
sions because you never know where 
life will take you. 

- d. shendi

wpi biomedical engineering

Kelly neuroblastoma cell line grown within 
porous silk fibroin scaffolds.

(courtesy of Kimberly J. Ornell, Coburn Lab)

“WPIs	location	in	a	growing	biotech	hub,	vast	opportunity	for	
research	collaborations	with	many	academic	facilities,	the	school’s	
dedication	to	teaching,	and	supportive	work-life-balance	were	
all	major	reasons	supporting	my	decision	to	come	to	WPI.”

“Working	hard	is	important	to	success,	
but	making	time	to	enjoy	life’s	adven-
ture	is	also	equally	important.”

Volume 3, Spring 2017 dr. jeannine m coburn



Bile acids can be recycled and 
reused repeatedly for the re-absorp-
tion of vitamins and nutrients. The 
sodium/taurocholate cotransporting 
polypeptide (NTCP or solute-linked 
carrier SLC10A1) is a protein that 
enables the re-uptake of bile acids 
in response to a sodium ion gradient 
in the liver. NTCP is also a receptor 
for the hepatitis B and D viruses. 

NTCPs main molecular mechanisms 
remain unknown.

     Aylin and others in the Dempski 
Lab (WPI Department of Chemistry 
and Biochemistry) are using molec-
ular engineering, electrode voltage 
clamp techniques, and Xenopus lae-
vis as a model system to elucidate 
the function of NTCP.

Conference Spotlight:
let's talk about data

National conferences on undergraduate research (NCUR)
Aylin presented her research at NCUR in Memphis, TN this spring. 
By Ross lagoy

Why did you choose WPI? I chose 
WPI because it seemed really col-
laborative and the sense of commu-
nity seemed really strong here. Also, 
I loved the project based curriculum 
and how many opportunities there 
are to do big research projects.

What are your research interests? 
I am interested in the cellular mi-
cro-environment and responses to 
different biomaterials. I love the idea 
of advancing in vitro technology and 
creating better models on the cellu-
lar level to predict what would hap-
pen in	vivo.	

How did you get involved in re-
search at WPI? I started volunteer-
ing in the Pins Lab sophomore year 
as a way to get more lab experience 
but then immediately fell in love with 
research and the opportunities there. 

Why did you choose to work in the 
Pins Lab? I’ve always been really 
interested in tissue engineering so 
of the professors in the BME depart-
ment, I was most interested in his 

work. I got connected with Dr. Pins 
through a humanities class actually. 
I had to interview a professor for a 
technical writing course and after the 
interview I reached out to him about 
volunteering because he seemed re-
ally passionate about his lab. 

What are your future plans? This 
fall I’m enrolling in a PhD program 
at Rutgers University for biomedical 
engineering. I’m going to be working 
with Dr. Biju Parekkadan on a plat-
form technology for cell therapy. My 
plan after is to work in industry at 
a biotech company and potentially 
have my own start up company!

What is your favorite thing to do 
in Worcester? Explore new restau-
rants! I love trying out different plac-
es and I try not to go to the same 
place too often.

Biomedical engineering society (BMES) Annual meeting
Alexandra presented her SURF project at BMES in Minneapolis, MN last fall (next page).
by meagan carnes

Alexandra Burr ‘17 is from Carver, MA 
graduating with a B.S. in Biomedical 
Engineering from WPI.

Aylin ‘19 presenting her poster at NCUR 
in Memphis, TN this spring.

Volume 3, Spring 2017 student presentations
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Introduction: 
A wide range of biomaterials is being designed to release 
therapeutic agents for tissue regeneration. Fibrin is used fre-
quently in controlled release biomaterials due to its ability to 
promote angiogenesis and aid in wound healing [1]. Pins’ 
lab has developed novel fibrin constructs in the form of mi-
crothreads, composite scaffolds as well as thin membranes. 
In the application of skeletal muscle regeneration, thin fibrin 
membranes could be loaded with growth factor and incorpo-
rated into composite scaffolds to promote muscle develop-
ment and revascularization. Previous studies have shown 
fibrin matrices to release growth factors such as vascular 
endothelial growth factor (VEGF) by covalent incorporation 
in fibrin glues to promote angiogenesis in vitro [2]. We hy-
pothesize that thin fibrin membranes can be strategically 
loaded with therapeutic agents to provide a range of release 
profiles for temporal growth factor delivery to enhance tissue 
regeneration.

Materials and Methods: 
A protocol was developed for fibrin membranes 1 cm2 in size 
supported by a 1 mm-thick vellum frame. They were fabricat-
ed by gently mixing fibrinogen (11 mg/mL), thrombin (2.35 U/
mL), 40 mM calcium chloride, and 1X PBS. After polymeriz-
ing for 30 minutes, the membranes were individually rinsed 
in 20 mL diH2O baths three times for 10 minutes each, 
dried on acetyl plastic slides and stored for later use. Dry 
films were quartered and loaded with bovine serum albumin 
(BSA) in four different ways, as a model system for growth 
factor delivery. Prior to being loaded, the hydrated group of 
films was placed in a PBS bath for 30 minutes. Then both 
the dehydrated and hydrated groups were submerged in 1 

mL of 5 mg/mL BSA solution. The dry loading group was 
placed dry into a well and either 50 μL or 25 μL of 10 mg/mL 
BSA solution was added directly on top of the films. All four 
groups were incubated for 12 hours. A Pierce BCA Assay 
(ThermoFisher) was used to determine the BSA concentra-
tion of the supernatant collected at different time points.

Results and Discussion:  
We consistently fabricated membranes (Figure 1B) and ob-
served the kinetic release profiles based on loading method 
(Figure 1A). The 50 μL dry loading group had the greatest 
cumulative release of 619 μg, and the dehydrated and hy-
drated groups both had cumulative release of 290 μg after 
14 days (Figure 1C).

Conclusions: 
We showed that different loading conditions affect the amount 
of BSA released from the membranes as a function of time. 
This demonstrates that manipulating loading conditions may 
modify the release profile of the therapeutic molecules from 
these novel membranes. This strategy may be implemented 
to produce release kinetics that mimic what naturally occur 
in tissue regeneration. Future experiments will include alter-
ing film characteristics to adjust release which could be ap-
plied to the release of other therapeutics such as antibiotics, 
anti-inflammatories or immunosuppressants.

Acknowledgments: We would like to acknowledge WPI 
Summer Undergraduate Research Fellowship (SURF).
References: 1. Science, 276.5309: 75; 2. Journal of Con-
trolled Release, 72.1:101

Characterizing the release of therapeutic agents 
from thin fibrin membranes

Figure 1. A. Process diagram showing the three different loading methods to adsorb BSA to the films B. Dry films: 1 cm2 (top) and 0.25 
cm2 (bottom) which was used in release experiments C. Cumulative BSA Release from four different groups over fourteen days with 
total release labeled.

Alexandra Burr, Megan O’Brien, Meagan Carnes, George D. Pins, PhD
Biomedical Engineering Department, Worcester Polytechnic Institute, Worcester, MA

Volume 3, Spring 2017 summer undergraduate research fellowship - surf
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Senior Spotlight:
what's your research?

WPI Department of computer science

My	 interests	within	CS	are	still	 broad,	
but I’m particularly interested in lan-
guage design, machine learning, and 
graphics. After graduation I’ll be work-
ing at Microsoft in their developer tools 
division. Outside of coursework I enjoy 
hiking, playing board games, traveling, 
and tinkering with electronics.

What kind of research do you do?
Instructors often ask computer science 
students to solve a programming prob-
lem, often involving data processing, 
with the goal of understanding how 
students plan and structure their solu-
tions. Several equally correct solution 
structures may exist, and they can 
vary along dimensions like the num-
ber of passes over an array or the use 
of intermediate data structures. While 
unit tests can quickly and accurately 
measure program correctness, tools 
for automatically determining program 

structure regardless of correctness are 
lacking. Currently, researchers must 
manually label each submission.
     I developed two tools that can au-
tomatically label code structures for a 
Java-based introductory WPI computer 
science course at a near-human lev-
el. The first tool computes features for 
each submission that capture essen-
tial characteristics of the submission’s 
structure and runtime behavior, like 
the number of loops, the types of local 
variables, or the values of these locals 
at runtime. The second tool visualizes 
the submissions in this computed fea-
ture space. The user can interactively 
label suggested submissions while the 
second tool builds a predictive model 
to label the rest using a decision tree. 
The technique achieves precision at or 
above 95% with recall at or above 80% 
on two different problems.
     

These tools should facilitate the analy-
sis of much larger data sets, hopefully 
yielding better insights and improved 
educational outcomes.

What interested you in this work?
I took a course on programming lan-
guage design with Professor Kathi 
Fisler in my sophomore year, and it 
sparked my interest in learning more 
about language design and supporting 
tools. I’ve also been an Senior Assistant 
for introductory WPI CS courses since 
sophomore year, playing an active role 
in CS education. The work I did on this 
project was a nice intersection of my in-
terests in programming language anal-
ysis, machine learning, and education. 
I also enjoyed the applied nature of the 
project and being able to quantitative-
ly measure my progress as the project 
developed.

Ben (far left) and a group of WPI students hiking Triund, a 2,828 meter hill 
at the foot of the Dhauladhar ranges in northern India while completing their 
Interactive Qualifying Project (IQP) last D-term.

By francisco castro

Ben McMorran ‘17 is graduating with a 
B.S. in computer science at WPI.

Volume 3, Spring 2017 senior spotlight
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I’m	a	senior	graduating	with	the	Class	
of 2017 this May. My Computer Sci-
ence interests include programming 
languages, education, and software 
security. In particular, I’m interested in 
how language designers can leverage 
design decisions in their language to 
promote the cognitive development of 
novice programmers and effectively 
teach topics such as concurrency and 
security. I’m also interested in how 
advanced language technologies can 
help programmers build software that 
is secure and robust by default. I’m 
also a free software advocate and Li-
nux enthusiast. My hobbies outside of 
CS include reading (American and Lati-
no literature, mostly) and playing video 
games, as well as amateurish cooking.

What kind of research do you do?
My project focused on the application 
of peer review to cybersecurity educa-

tion. Demand for a well-
equipped cybersecurity 
workforce continues to 
grow, and this demand 
has been acknowledged 
in both the public and 
private sectors. Peer re-
view is a well-studied ed-
ucational implement that 
has industrial utility, as 
companies that produce 

software commonly use peer code-re-
views to evaluate software for defects. 
I was interested in knowing whether 
or not students in cybersecurity cours-
es which utilize peer review engaged 
with cybersecurity topics in their review 
writing, or if they primarily discussed 
other topics (such as other non-secu-
rity technical details or non-technical 
details relating to the presentation of 
information).

     I created a qualitative analysis rubric 
and coded review texts for certain fea-
tures, describing statements in reviews 
as existing somewhere between neu-
tral, abstract, and concrete on one axis, 

and between security-related, tech-
nical, and structural on another axis. 
Then I quantitatively analyzed the rel-
ative frequency of occurrence between 
my coding categories. I consider this 
primarily to be a kind of “pilot study.” I 
didn’t have any baseline for students’ 
engagement with security during peer 
review, so this study was designed to 
explore those relationships. I found that 
two courses with slightly different peer 
review configurations exhibited several 
notable differences in review contents, 
and I hope that these differences may 
provide guidance in the construction of 
future, more controlled, experiments in 
the same subject.

What got you interested in this?
Like many students, when I joined the 
Computer Science program at WPI I 
firmly believed that I would become a 

software engineer. How-
ever, I found, through 
experiences like my IQP, 
that I enjoy research. 
Principally, I greatly 
enjoy teaching and re-
search on the subject 

of Computer Science education. My 
career goal is to become a Professor, 
and I enjoy research topics that have a 
psychological, social, or in other words 
human element.

(left) William Temple ‘17 
in Panama City, Panama 
completing his Interactive 
Qualifying Project (IQP) 
in 2015.

“My career goal is to become a Professor, and I enjoy 
research topics that have a psychological, social, or in 

other words, human element.”

“Like	many	students,	when	I	joined	the	
Computer	Science	program	at	WPI	I	firmly	
believed	that	I	would	become	a	software	
engineer.	However,	I	found,	through	experi-
ences	like	my	IQP,	that	I	enjoy	research.”

Volume 3, Spring 2017 senior spotlight



Research in the Rolle lab is focused 
on development of cell based therapies 
and disease models for applications in 
regenerative medicine and vascular tis-
sue engineering. Using self-assembly 
principles, our lab fabricates cellular 
derived vascular tissue constructs for 
disease modeling and drug screen-
ing. Our approach utilizes self-as-

sembled human 
smooth muscle 
cell rings, which 
are fused togeth-
er into tubes re-
sembling blood 
vessels. Because 
our engineered 
vessels are fab-
ricated from indi-
vidual ring-units, 
we can custom-
ize the proper-
ties of each indi-
vidual ring prior 
to fusion, and 
thus create focal 

disease models. One type of disease 
model that is currently being investi-
gated is intimal hyperplasia, which is a 
disease characterized by the localized 
overgrowth of cells in one small region 
of a blood vessel. 
     We are also currently developing 
and characterizing cell-derived bio-
materials as delivery vehicles for an-

timicrobial peptides. We are exploring 
external stimuli, culture conditions, and 
different cell sources to increase ma-
trix protein production and deposition, 
allowing formation of a cell derived 
extracellular matrix sheet. The matrix 
sheet can then be used as a biomateri-
al with different functional properties or 
as a coating to study different cellular 
mechanisms. Our approach focuses on 
developing and characterizing a decel-
lularized biomaterial in order to  create 
a product that would promote angio-
genesis and reduce inflammation in a 
skin wound model. We were recently 
awarded an NSF STTR phase II grant, 
in collaboration with our industry part-
ner, to continue our work on the devel-
opment of pro-regenerative and antimi-
crobial based dressing for treatment of 
infected, chronic wounds.

- dalia shendi

Laboratory Spotlight:
the rolle lab

WPI Department of Biomedical Engineering
We’re featuring the lab of Professor Marsha Rolle, an Associate Professor in Biomedical Engineering at WPI.

Volume 3, Spring 2017 the rolle lab
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(top left) The Rolle Lab. (left to right) Alex Markoski 
‘18, Hannah Strobel (PhD Candidate), Dalia Shen-
di (PhD Candidate), and Dr. Marsha Rolle.

(bottom left) Images of self assembled smooth 
muscle cell rings. Rings can be threaded over a 
piece of tubing (a) and pushed together (b), where 
they fuse together (c) to form a tissue engineered 
blood vessel (d). Scale = 2 mm. 
(source Gwyther et. al. 2011)
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Science Policy Review:
aaas case workshop

By Kyra Burnett

Volume 3, Spring 2017 aaas case workshop
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n	April,	I	attended	an	intensive	3-day	
science policy workshop organized by 
the American Association of the Ad-
vancement of Science (AAAS). This 
workshop, called CASE (Catalyzing 
Advocacy in Science and Engineering), 
provided PhD and Masters students 
from 40 different universities the oppor-
tunity to understand “the role of science 
in policy-making, to introduce them to 
the federal policy-making process, and 
to empower them with ways to become 
a voice for basic research throughout 
their careers.” 

The workshop informed students of 
the structure and process of the ex-
ecutive and legislative branches. The 
executive branch workshops included 
an introduction of the role of the Of-
fice of Science and Technology Policy 

(OSTP) and its impact on science and 
technology (S&T) policy. We also were 
given an in-depth introduction of how 
various scientific agencies are involved 
in the federal budget process. On the 
legislative side, we met with a panel 
of congressional staff, who gave us 
perspectives of how their officers and 
committees operated.

On the last day of the workshop, we 
had congressional visits with senior 
policy advisors for Senator Elizabeth 
Warren and Senator Ed Markey, along 
with the legislative assistants for Rep-
resentative Katherine Clark and Repre-
sentative Mike Capuano. During these 
visits, we discussed topics such as the 
March for Science, and how we should 
take a role in public engagement after 
the march. From these leaders and our 

previous workshops, we were given 
advice on how to effectively commu-
nicate the importance of our research 
findings to the rest of our community. 
We learned that the best ways to com-
municate our work is by: 

Being diplomatic, especially when 
talking to someone with the oppo-
site opinion as you. Try to discuss 
the goals of what both people are 
trying to achieve, and don’t only 
argue about the points you want to 
make.

Reminding the public what science 
has done for them lately. This can in-
clude anything that has gently been 
done in your lab, or even in labs na-
tionwide. 

Attempting to change the culture of 
academia to engage more with soci-
ety.

As scientists, we can always improve 
our engagement with the pubic. It’s 
been shown that scientist take a differ-
ent approach to communicating than 
non-scientists do. When a non-scien-
tist is trying to understand a new idea, 
the first thing he or she wants to know 
is the bottom line, followed by “Why do 
I care?”, then some sort of supporting 
details. This can be represented by a 
pyramid schematic at the top of the 
next page. The way scientists com-
municate, however, is in a completely 
opposite way. Scientists tend to explain 
a new idea by first describing back-
ground details, followed up with sup-
porting evidence, and finally get to the 
point of why the idea is important. 

Kyra Burnett (far right), and fellow graduate student representatives from across the 
nation in front of the Capitol Building, Washington, D.C. this April at the AAAS CASE 
fellowship workshop.
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Bottom	
Line

So	what?

Supporting	Details

Introduction	and	
background

Results

The
point

How	non-scientists convey	their	ideas:		 How	scientists convey	their	ideas:		

The Golden Goose Award was estab-
lished in 2012 and recognizes scien-
tists who have done outstanding work 
in basic research, despite being ridi-
culed from several 
Congressman and 
the general public. 
The overall pur-
pose of this award 
is to “demonstrate 
the human and 
economic benefits of federally funded 
research by highlighting examples of 
seemingly obscure or unusual studies 

that have led to major breakthroughs 
and have had a significant impact on 
society”. Examples of projects that 
won this award include: the discovery 

of green fluorescent 
protein (GFP) from 
jellyfish (used widely 
in genetic engineer-
ing to tag proteins), 
infant rat massages 
(to promote the sur-

vival and growth of premature human 
infants), and the sex life of the screw 
worm fly (for studying the Zika virus).

Volume 3, Spring 2017 aaas case workshop

This is the main reason why non-scien-
tists do not understand the new ideas 
scientists are trying to communicate. 

For scientists, breaking out of that cy-
cle is key for successful communica-
tion with the community. Some com-
munication skills I learned from this 
workshop include:

Use the 3 Ms when giving a presen-
tation: mini (give concise presenta-
tions), memorable (use analogies or 
stories), and meaningful (be sincere 
and expressive). 

Don’t use extensive scientific jar-
gon, because your audience may 
not be familiar with your field.

Have scientific integrity and be true 
to what you believe in.

If issues arise, always direct com-
ments at the statement, not the per-
son or the party.

Overall, I learned that it is up to every-
one in the community to be engaged 
with science policy and to reach out to 
elected officials when issues need to 
be addressed. It is our responsibility as 
scientists to defend our research, and 
to share our findings with our communi-
ty. And always remember that research 
matters, so make sure to communicate 
yours.

- kyra burnett

The Engaging Scientist & 
Engineers in Policy

www.sciencce-engage.org

AAAS CASE 
Workshop

www.aaas.org/page/about-0

Union of Concerned 
Scientists 

www.ucsusa.org

additional science policy resources

If you have one hour:	
Sign	up	for	policy	alerts
Watch	or	read	the	news

Contact	your	elected	officials
Listen	to	science	policy	podcasts

If you have one day:
Meet	a	member	of	congress

Attend	a	congressional	visit	day
Attend	or	run	an	outreach	event

Contact	editors	of	local	newspapers

If you have one week:	
Attend	S&T	policy	forums	

Organize	informal	interviews
Sign	up	for	leadership	seminars

Attend	communicating	science	seminars

If you have one month:	
Attend	town	hall	meetings
Join	a	science	policy	group

Connect	with	local	organizations
Serve	on	a	science	advisory	board	

How to get involved with science policy…

(source AAAS CASE Workshop)

(source goldengooseaward.org)
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Abstract: Within the coming decade, the aluminum content 
of North American light vehicles is projected to increase by 
nearly 40% [1]. To better handle the increasing quantity of 
aluminum automotive scrap that this change will precipitate, 
this project sought to develop a series of blending models 
that would optimize the production of valuable secondary al-
loys from aluminum scrap.

Introduction: 
In 2015, Ford Motor Company led the automotive industry 
through a major paradigm shift, releasing the first automo-
bile with a complete aluminum body. By crafting the body of 
the F-150 pickup truck entirely out of aluminum, Ford was 
able to increase the strength and durability of its vehicle, 
while simultaneously decreasing the truck’s weight and im-
proving its fuel efficiency [3]. But although the shift toward 
high-aluminum vehicles provides a multitude of benefits, 
it also places a heavy burden on the secondary aluminum 
smelting industry (SASI).

Driven by innovations like the F-150, the aluminum content 
of North American light vehicles is projected to increase by 
nearly 40% in the decade between 2015 and 2025 [1].
As these vehicles reach end-of-life, they will become a major 
source of twitch. Currently, SASI focuses on producing 380 
alloy from input twitch [4]. This is largely due to 380’s unusu-
ally high tolerance for varying levels of alloying elements, 
which allows SASI to avoid precise sortation of twitch [5]. 
But with the ongoing development of Laser Induced Break-
down Spectroscopy (LIBS), the industry finally has reason to 
consider new production methods that rely on sortation. This 
project aims to help address the industry’s need, detailing 
methods of sorting and blending twitch to produce a range 
of secondary aluminum alloys.

Results: 
The market analysis phase of this project found the prices of 
319, 360, and 380 to be $0.87 per pound, $0.89 per pound, 
and $0.83 per pound, respectively [8]. Pricing data was un-
available for 390. 

From the XRF analysis, the chemical composition of the 
twitch was found. If the entire sample were to be melted 
together, the hypothetical melt would have the composition 
shown in Table 1. As Table 1 illustrates, the iron content of 
the bulk twitch was over 3%. This high number can be ex-
plained by the presence of several incorrectly-sorted iron or 
steel pieces in the sample (see Figure 1). Before any sorta-
tions were performed, all twitch with iron content above 3% 
was removed. By removing only these pieces, 0.049% of the 

total by weight, the bulk iron content dropped to 0.7421% 
(see Table 2). 

The chemical composition of 319 is shown in Table 3. When 
crafting sortation functions to produce a melt within these 
ranges, the high levels of magnesium in twitch became a 
major issue (see Figure 2). As Figure 2 shows, the major-
ity of twitch contains between 0.5% and 1.5% magnesium. 
Producing a bulk composition with a magnesium content of 
less than 0.10% therefore necessitated either ejecting only 
a small percentage of twitch or removing magnesium from 
the final melt, through a process known as demagging [9]. 
After multiple failed attempts at the former strategy, the latter 
strategy was selected. The attributes of the final model are 
shown in Table 4. As Table 4 shows, the 319 sortation con-
ditions resulted in nearly 90% of twitch being accepted into 
the melt. This melt required copper and silicon additives, as 
well as demagging. 

The chemical composition of 360 is illustrated in Table 5. 
As shown, 360 requires up to 10% silicon. The high silicon 
level required for 360 is made problematic by an association 
between high silicon levels and high copper levels in twitch 
(see Figure 3). High-silicon twitch tends to have high mag-
nesium and zinc contents, as well (see Figure 4 and Figure 
5). The blending method developed to handle these difficul-
ties is shown in Table 6. This model ejected 53.5% of twitch, 
and requires both silicon additives and demagging. 

A number of issues became immediately clear as a sortation 
model for 390 was developed. For the chemical composition 
limits for 390, see Table 7. From Table 2, it can be seen 
that twitch contains far too little copper and silicon and far 
too much zinc and magnesium to readily form 390. Further-
more, Figure 6 shows that copper and zinc have a directly 
proportional relationship in twitch, meaning that low levels 
of one are associated with low levels of the other. Similarly, 
silicon and zinc also had a directly proportional relationship 
(see Figure 5). Taking these challenges into consideration, 
two sortation and blending models for 390 were created. The 
first model looked to minimize the copper and silicon addi-
tives, compromising on the zinc levels and allowing them to 
run high (see Table 8). This model ejects 40.6% of twitch and 
requires silicon and copper additives. The final zinc content 
will be 1.21%, far higher than the specification of 0.10%. The 
second model took the opposite tack, allowing higher levels 
of copper and silicon additives while requiring that zinc lev-
els remained within the allowable range (see Table 9). Here, 
44.5% of twitch was ejected and the melt required copper 
and silicon additives.

Optimal blending options for aluminum 
automotive scrap
Benjamin Secino, Jason Karlin, Carmine Stabile, Andrew Gray
Robotics Engineering Department, Worcester Polytechnic Institute, Worcester, MA
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Once the sortation and blending models for 319, 360 and 
390 were completed, an economic analysis was conducted 
for each. The profit per pound of produced alloy was calcu-
lated for 319 and 360. To minimize waste, the drop from each 
sort was formed into 380, the chemical composition limits 
of which are shown in Table 10. Unfortunately, because the 
price of 390 could not be found, an economic analysis of its 
production was impossible.

To conduct the economic analysis, the price per pound for 
copper and silicon additives were determined to be $2.50 
and $1.36, respectively [8]. Pricing data for demagging was 
unavailable, and so the cost of demagging was not included 
in the analysis.

The profit from producing only 380 was found to be $0.19 
per pound. In comparison, it was found that producing either 
319 or 360 led to a profit of $0.24 per pound (see Table 11). 

Profit per year was then extrapolated for each alloy. It was 
assumed that a LIBS sortation system has a capacity of sort-
ing three tons of twitch per hour, and runs twenty-four hours 
a day, three hundred sixty-five days a year. The annual profit 
from 380 production was found to be $9,986,400. From 319 
and 360, the annual profit was found to be $12,666,960. This 
constitutes a $2,680,000 increase.

Discussion: 
The sortation and blending model developed for 319 (see 
Table 4) resulted in a profit of $0.24 per pound. This is a 
$0.05 increase in profit over producing only 380 from twitch. 
The model for 360 (see Table 6) resulted in a resulted in a 
profit of $0.24 per pound. This, too, is a $0.05 increase over 
380 production. As discussed, twitch is not readily formed 
into 390. Because of these difficulties, although pricing data 
on 390 was unavailable, it is expected that neither model de-

veloped for 390 production (see Table 8 and Table 9) would 
be economically viable.

This project proved the concept of forming valuable alloys 
from twitch. Further research should focus on which alloys 
are most readily formed from twitch. In particular, it may be 
reasonable to form wrought alloys from twitch, although this 
is currently not common practice. 

Conclusion: 
As the aluminum content used to manufacture automobiles 
increases, so will the production of aluminum automotive 
scrap. Given current secondary production methods, much 
of this scrap will be formed into 380. Subsequently, a surplus 
of 380 is expected to be reached within the decade, wasting 
energy and other valuable resources [10]. The sortation and 
blending models generated in this project demonstrate that 
319 and 360 can also be formed from twitch in an econom-
ically viable fashion. For both 319 and 360, an economic 
analysis found a $5.10 increase in profit over the production 
of 380 for every one hundred pounds of alloy produced. This 
translates into a $2,680,000 increase in annual profit.

This project also found that 390 cannot be readily formed 
from twitch. This finding underscores the need for further 
research to detail which aluminum alloys can be most ef-
ficiently produced from twitch. This research would further 
decrease the waste associated with primary aluminum pro-
duction, and increase the value of shredded aluminum au-
tomotive scrap. 

Acknowledgments: The authors of this report would like to thank Dr. Diran 
Apelian, Mr. Sean Kelly, and Mr. Alexander Hard for their guidance and 
encouragement throughout this project.
References: [1] Ducker Worldwide LLC (2014). 1-24.  [2] Kelly, Sean, 
and Apelian, Diran (2016). Automotive Aluminum Recycling at End of Life: 
Grave-to-Gate Analysis. 1-51.

*For methods, tables, and complete references, please visit wurj.org.

Figure 1-6 (top left to bottom right). Each dot represents the specified compound or relative compositions in a sample of twitch.
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Abstract- Up to 80 percent of horses experience respiratory 
disorders in their lifetime due to their living environment [1]. 
Current diagnostic methods are invasive and expensive. 
Cummings School of Veterinary Medicine at Tufts University is 
the only facility in New England with a non-invasive equine 
respiratory testing device. However, this device poses a risk to 
operators because it is not well attached, weighs 3 pounds, and 
protrudes 12 inches from the horse’s muzzle, causing it to 
disconnect and  harm the operator if the horse moves suddenly. 
Seeking improvements, our team designed a safer, less expensive, 
non-invasive device to measure equine lung function to improve 
testing availability and market potential. This small, lightweight 
device uses a thermistor-based sensor to measure airflow at low 
flow speeds. A unique LabVIEW program displays the airflow in 
a way that is easy for the veterinarian to use for diagnoses. 
  

I. INTRODUCTION 
Equine lung function disorders caused by poor air 

quality in stables are common [2]. Horses cannot be tested 
using the same methods as humans because of physiological 
differences, including their noncompliant nature. Horses 
cannot respond to verbal requests resulting in most current 
diagnostic methods, such as endoscopy, being invasive and 
expensive. Thus, veterinarians only test lung function as a last 
resort, which is detrimental because if not diagnosed early, 
permanent damage of pulmonary tissue can occur. Cummings 
School of Veterinary Medicine at Tufts University performs 
equine lung function testing with non-invasive devices that 
measure pressure drop using a Fleisch pneumotachograph 
(Figure 1). The pneumotach data is converted to flow rate and 
displayed with data measured by Respiratory Inductance 
Plethysmography (RIP) bands placed around the horse’s 
abdomen and thorax. Variations between the pneumotach and 
RIP band signals indicate pulmonary disorders. Although 
functional, the current device has several drawbacks, including 
danger due to its size (12 inches), weight (3 lbs.), and 
unpredictability of horses’ movement, cost ($18,000), 
resistance to breathing, and limited accuracy. We were tasked 
with developing a device to measure equine lung function that 
improves the overall device. It must also be compatible with 
typical equine breathing patterns. Based on our sponsor’s 
needs, we created functional blocks for our design including: 
calibration, measuring airflow, signal processing, and device 
exterior development (Figure 1). 

 

 
Figure 1: Current device labeled with functional blocks 

    
 

II. MATERIALS AND METHODS 
A. Concept Selection 
 Four alternative design concepts were developed. To 
select the best design for our application, we reviewed 
research papers, consulted our advisors, and developed a 
design matrix to rank each design. To assess feasibility, 
SOLIDWORKS’ Flow Simulation was used to produce 
velocity and pressure cut plots, identifying significant eddying 
or resistance. Calculations were completed to determine the 
inertial impact on overspeeding, the deflection caused by a 
breath, and the pressure drop through the capillaries. 
  
B. Wind Sensor Calibration 
  Zero-point testing was conducted with Modern 
Device’s Rev C Wind Sensor to find the adjustment factor for 
the sensor’s reading at 0 MPH that is incorporated into the 
sensor’s calibration equation. The sensor was placed under a 
glass bowl to restrict airflow, and was connected to LabVIEW 
via a USB-6000 data acquisition (DAQ) box (National 
Instruments). The LabVIEW program acquired voltage signals 
and converted them to wind speeds. 
  
C. Wind Sensor Verification 

The sensor was tested in WPI’s Aerospace 
department’s wind tunnel to verify functionality at high 
speeds. The sensor was tested at 20, 35, and 50 MPH and data 
was collected using LabVIEW.  

To verify the sensor’s function at lower speeds, it 
was compared to the pneumotach using a combination of 
syringe and human breathing tests. We created a 4.07 L 
syringe using a 4-inch diameter 2 foot PVC pipe, a machined 
aluminum piston, a wooden dowel handle, and 2-240 O-rings 
for sealing. This syringe was used to calibrate the pneumotach 
with a cyclic flow of a known volume. After calibration, a 
team member breathed through the pneumotach and the new 
sensor, simultaneously. Data was collected for the sensor in 
LabVIEW and the pneumotach in Open Pleth (a proprietary 
software). The raw data for each was then overlaid on a graph 
in EXCEL. 
 

III. RESULTS 
A. Final Concept Selection 
 Solidworks models of our four alternative designs 
and flow simulations were created (Figure 2 and Figure 3).  
 

 
            a.                  b.  c.              d. 

Figure 2:  a. Improved Fleisch Pneumotach; b. Three-cup anemometer;  
c. Strain gauge on hair like structures; d. Hot-wire anemometer concept 

(arrow indicates sensor). 

Equine lung function testing device
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Figure 3: Velocity cut plot for three-cup anemometer 

 
Constructing a smaller, safer, less expensive Fleisch 

pneumotach proved infeasible because of the manufacturing 
requirements and associated cost. The size is also difficult to 
reduce without drastically increasing resistance, as determined 
by our flow simulations. 

Experimental results from the three-cup anemometer 
model showed that the device’s inertia causes overspeeding, 
resulting in a 2 second response time [3]. The breathing rate of 
a horse (5 seconds per breath) is too fast for this response time 
to be accurate. Significant eddying was also seen in the 
velocity plot which adds resistance to breathing (Figure 3).   

The strain gauges on hair-like structures could work 
at faster wind speeds, but for a horse’s breath (0.2 MPH) the 
structures would only deflect approximately 0.308 nm which 
is too small for a strain gauge to measure accurately.  

Based on simulations and research, the team 
determined that the hot-wire concept was the most feasible. To 
remove concerns of fragility and response to moisture, 
thermistor-based sensors that work similarly to hot-wire 
anemometry were acquired. Our prototype incorporated a Rev 
C Wind Sensor that is accurate at low wind speeds. 
 
B. Wind Sensor Calibration 
 An adjustment factor of approximately 0.35 was 
determined for a 5 V excitation voltage. A LabVIEW 
calibration program was developed to automatically find the 
adjustment factor before performing a test.  
 
C. Wind Sensor Verification 

In order to verify functionality a calibrated wind 
tunnel was used. The sensor read values similar to the wind 
tunnel with an R2 value of 0.9963.  

 

 
Figure 4: High speed wind tunnel test results 

 

 
To confirm the sensor worked at lower wind speeds, 

like those of a horse, breathing tests from human subjects were 
also done. Figure 5 shows the comparison of the 
pneumotachograph and Rev C. The results closely overlapped.  

 

 
 

Figure 5: Current device and Rev C sensor data overlaid after human 
breathing test 

 
IV. DISCUSSION AND CONCLUSION 

 We successfully evaluated the feasibility of a new 
design to test equine lung function. The design met our 
objectives of being non-invasive and compatible with 
noncompliant breathing. It also minimizes resistance to the 
horse’s breathing, is less expensive, and is reduced 
significantly in size (1 inch) and weight to minimize the risk 
of injury for the user.  

We also improved our data acquisition program. 
Most anemometry devices that measure flow in both 
directions require multiple sensing elements. Therefore, we 
developed a LabVIEW program to not only acquire and 
display the flow and volume data, but also to account for the 
flow in both directions, using a single sensor. Once this 
program was completed and a housing was created for the 
sensing element, our design met all of our functional blocks 
and was ready to be tested clinically on horses.  
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Abstract: Foot ulcers are common among patients with diabetic 
neuropathy due to uneven forces applied to the feet over time. 
Monitoring these forces, especially shear forces, is essential for 
properly treating diabetic foot ulcers and avoiding costly surgery. 
Unfortunately, current technologies do not offer an affordable, 
compact device that measures both normal and shear forces. 
Therefore, care for diabetic ulcers still fails to avoid infection and 
amputation of the foot. To address this need, a novel device to 
affordably measure normal and shear forces was created. This 
device uses magnets and Hall-effect sensors to relate the 
displacement of a magnetic field to the forces applied in three 
dimensions. 

I. INTRODUCTION 
Diabetes is one of the most prevalent diseases in the United 

States, affecting 29.1 million people as of 2014 [1]. Type 2 
Diabetes is the most common form of the disease [2], and is 
caused by the wearing out of insulin receptors on cells, inhibiting 
the body’s ability to effectively take up blood glucose [2]. One 
particularly debilitating effect of Type 2 Diabetes is diabetic 
neuropathy, arising from nerve damage in the extremities, 
especially in the feet [3]. Known as diabetic plantar neuropathy, 
nerve damage in the feet has a large negative impact on one’s 
quality of life, with foot ulcerations developing in 15% of 
patients [4]. Diabetic foot ulcers commonly lead to infection, 
requiring a foot amputation in up to 24% of cases [4]. Yet studies 
show that understanding the forces acting on the bottom of the 
foot can help treat and prevent foot ulcers [5], ultimately 
avoiding amputation. In particular, repeated exposure to shear 
forces in the same area of the foot places patients at a high risk 
of ulceration [5], emphasizing the need for monitoring shear 
forces on the bottom of the foot. 

Currently, a wide variety of force sensors exist for the 
purpose of gait analysis. Unfortunately, no products exist that 
allow for both shear and normal force measurements in an 
affordable, compact device. The most sophisticated systems are 
large and meant for select clinical settings, usually requiring 
expensive and complicated equipment like cameras and 
accelerometers [6]. The more affordable and accessible devices 
usually make use of piezoresistive force sensors, which are 
unable to measure shear force [6]. As a result, there is a 
significant need for a portable, non-invasive device to reliably 
measure normal and shear forces on the bottom of the foot for 
gait analysis. 

II. METHODOLOGY 
A. Device Design 

The MagneForce Device is a modular force sensor that uses 
a printable circuit board (PCB) encased in Dragon Skin 0030 
silicone mixed in a 1:1 ratio, with a 1.5mm3 neodymium magnet 
suspended directly above each of the four Melexis Hall-effect 
sensors (Fig. 1). The system measures the change in magnetic 
field as the magnets are displaced by an applied force, conveying 
the magnitude and direction of the force. The magnets and 
sensors are spaced sufficiently apart to prevent interference 

between the components. Magnetic flux (millitesla, mT) is 
measured by the Hall-effect sensors, which is parsed out to an 
Arduino Mega. A multiplexer iterates through each of the four 
sensors to reduce the number of lines needed to transfer the data, 
increasing wiring efficiency to allow for multiple modules to be 
connected in series, if desired. Because the sensors are active 
low, an XOR gate is used to pull the idle sensors high, turning 
the sensors off and eliminating interference between the sensors. 
Finally, a band-pass filter is used to filter out high spikes in the 
data. An offset filter is also used to adjust for shifts in z-axis data, 
improving accuracy. 

 
Fig. 1.  Sensor Module 

B. COMSOL Finite Element Model 
A simplified finite element (FE) model of the sensor module 

was created using COMSOL Multiphysics version 5.2 in order 
to simulate the physical and magnetic properties of the device. 
Fitting the model with a ‘coarser’ mesh, a uniform 60 Newton 
(N) normal force was applied to the top surface of the module, 
with the bottom face fixed in place. The simulation produced an 
‘ideal’ representation of physical deformation and magnetic flux 
response. The simplified model was then compared qualitatively 
to the actual sensor data. 

C. Normal Force Validation 
To validate how the device measures normal force, an evenly 

distributed 200N normal force was applied to the top of the 
module using an Instron 5544, ramping up from 0N to 200N at 
a rate of 200N/min. The measured magnetic flux data was then 
compared to the COMSOL model and the force curves produced 
by the Instron software.  

D. Shear Force Validation 
To validate how the device measures shear force, a 

component normal force and horizontal shear force were applied 
simultaneously to achieve a resultant 45 degree shear force (Fig. 
2). A 21N normal force and 21N shear force were applied 
simultaneously to produce a 29.7N force at 45 degrees, which 
was held constant for 5 seconds. Both the x-axis and the y-axis 
were tested individually in both directions. 

 
Fig. 2.  Diagram of Shear Force Testing 
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III. RESULTS 
A. COMSOL Finite Element Model Results 

The COMSOL FE model for a 60N normal force produced 
z-axis magnetic field values that increased nearly linearly from 
0N to 60N (Fig. 3, top), with an R-squared value of 0.995. The 
x-axis and y-axis magnetic field values showed minimal change, 
and were much closer to 0T than the z-axis data. 

B. Normal Force Results 
Fig. 3 (bottom) shows the magnetic flux data plotted against 

applied normal force for a single sensor. Z-axis magnetic flux 
readings increased by about 1000mT from 0N to 200N of 
applied normal force. An R-squared value of 0.971 was 
calculated from these data. With the offset filter applied, this 
curve closely resembled the trends from the COMSOL model 
and the Instron software. While data from only one sensor is 
displayed in Fig. 3 (bottom), the response was identical across 
all four Hall-effect sensors. 

 

 
Fig. 3.  Normal Force Data from COMSOL (top) and from testing (bottom), 

with black lines indicating z-axis data 

C. Shear Force Results 
Plots of the x-axis (Fig. 4) and y-axis (Fig. 5) show magnetic 

flux data during the 45 degree (with respect to the ground), 
29.7N resultant force. In each case, the magnetic field data 
trends in the direction of the applied shear force (+/- x or y) of 
21 N. When subjected to the shear force, the data shifted by 
roughly 80 mT for each direction, and then returned to their 
resting values once the shear force was removed.  

 
Fig. 4.  Data for Shear in the negative X-direction (green). Black boxes denote 

when the shear force is applied and removed 

  
Fig. 5.  Data for Shear in the negative Y-direction (blue). Black boxes denote 

when the shear force is applied and removed 

IV. DISCUSSION 
This novel force sensor successfully relates changes in 

magnetic field to applied normal and shear forces. As evidenced 
by Fig. 3 (bottom), the sensors yielded an increase in z-axis 
magnetic field values in response to increasing normal force, 
while the x- and y- axis data experienced minimal change at 
values much closer to zero. The calculated R-squared value of 
0.971 for the normal force data indicates a strong linear 
correlation between increase in magnetic flux and force applied. 
This finding agrees with the COMSOL model, which also 
produced an R-squared value of 0.995, as well as with the 
Instron force curve, which reflected a linear force increase of 
200N/min. As evidenced by Fig. 4 and 5, the x-axis and y-axis 
magnetic field values change in response to applied shear force 
in each direction, respectively. Thus, this device improves upon 
existing devices by incorporating the ability to measure both 
shear and normal forces in a compact, non-invasive, and 
affordable manner. This force sensor’s size and board design 
also allow for modular implementation, whereby multiple 
sensor modules could be placed strategically within a shoe and 
run in series. 

Future work for this device should include refining the 
circuit design to accommodate more dynamic changes in force, 
as well as reducing the thickness of the device so that it could be 
more easily incorporated into a shoe-pad. Future iterations 
should also work to reduce noise and test reliability over a larger 
number of cycles that closer reflects regular clinical or personal 
use. Following further validation, this modular three-axis force 
sensor has great potential for bringing affordable gait analysis to 
patients with diabetes. Overall, this device serves as a 
foundational proof-of-concept for relating magnetic field 
displacement to applied force. 
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