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CELEBRATING 71 YEARS OF STUDENT RESEARCH & INNOVATION
To our Students, Teachers, Parents, Mentors, Alumni & Sponsors
This unique year isn’t holding us back from providing the Massachusetts Science &
Engineering Fair! We are thrilled to be able to offer students from across the Commonwealth
the opportunity to participate virtually!
Each year, MSEF partners with over 200 Massachusetts schools who give their students the opportunity
to be investigators of a real-world scientific or engineering topic of their own choosing. Motivated by the
potential of solving today’s big challenges and learning something new, students use the practices of
scientists and engineers to explore a topic in depth, raising unique questions and applying innovative
approaches to problem-solving. Participating students are researching myriad issues, with experiments
that aim to make the world better – whether helping to cure diseases, clean up the planet or provide
solutions to challenges of our daily lives.
MSEF programs reach over 70,000 students each year. Whether through professional development for
educators or programs in partnerships with schools and school districts, MSEF is bringing authentic
student research and innovation to high schools and middle schools across the state.
To all of our donors, sponsors and volunteers (judges, educators and mentors), thank you! Together, we
will continue to build a world-class innovation workforce and a brighter future for Massachusetts and our
nation. Our success is a credit to your generosity. We are so proud to offer MSEF programs at no cost to
students and their schools.
A special congratulations to all of this year’s participants!
Sincerely,

Rishi Shukla
Chair, Board of Directors

Helen Rosenfeld
Executive Director

William F. Rigney
Chair, High School Committee

THE MSEF VISION
Imagine a future where every child is inspired and guided to realize their dream to help make the world a
better place. MSEF programs help teachers to unleash each child’s potential -- to develop the skills and
confidence needed to thrive in a future not yet understood or even imagined.

MSEF REGIONAL FAIR NETWORK
Congratulations for a Stellar Year!

Each year during the months of February, March and April, thousands of high school and middle school
students across the Commonwealth participate in their school district and regional science fairs. MSEF
would like to recognize the regional fair directors, coordinating committees, sponsors, host sites, science
educators, judges, mentors and the hundreds of volunteers who help to promote the awareness and
advancement of science and technology to these students who are members of tomorrow’s workforce.
Note: HS/High School; MS/Middle School
Region I: Western Massachusetts
Western Massachusetts Region I Science Fair
Smith College
HS/MS Chair: Deborah A. Day
SRC Chair: Jon Tyler
Region II: Central Massachusetts
Worcester Regional Science & Engineering Fair
Worcester Polytechnic Institute, Worcester
HS Chair: Nicholas Guerin;
MS Chairs: Lisa Greenwald and Karin Lebeau
SRC Chair: Charlotte Shire
Region III: Southwestern Massachusetts
Rensselaer - BCC Region III Science & Engineering Fair
Bristol Community College, Fall River
Chair:
Dr. James Pelletier
SRC Chair: Ann Strong
Region IV: Northeastern Massachusetts
Massachusetts Region IV Science Fair
Tufts University
HS Chair:
Wendy Campbell
MS Chair:
Dr. Carol Barry
Fair Host:
UMASS Lowell
SRC Chair: Suzanne Stickley
Region V: Southeastern Massachusetts
Massachusetts Region V Science & Engineering Fair
Bridgewater State College
HS Chair:
Mary-Louise Coates
MS Chair:
Erin McQuaid
Fair Host:
Regis College, Weston
SRC Chair: Liz Klein
Region VI: City of Boston
Boston Public Schools Regional Science Fair
Northeastern University, Boston
HS/MS & SRC Chair: Kathleen Bateman

In Appreciation of Our 2020 Judges

To the Companies, Educational Institutions, Professional Organizations and Individuals represented in
out prestigious 2020 MSEF Judging Corps
MSEF highly values your volunteer service to our student science fair programs. Nearly 300 Judges
from more than 100 companies, educational institutions and professional organizations in
Massachusetts will participate in the 71st year of MSEF’s statewide high school Science & Engineering
Fair at MIT.
Your volunteer work is helping to inspire the next generation of scientists and engineers. On behalf of
the entire MSEF community — the board of directors, the officers, staff and hundreds of science
teachers who guide student projects year-round, we offer our special thanks and appreciation.
(Effective: Apr 24 2020)

A G Reinhold
Mr. Arnold Reinhold

BayCoast Bank
Paul Jankowski

Mr. Bhaskar Sherigar
Mr. Nilesh Agarwalla

Acacia Communications
Mr. Glen Miller

Bemis Associates, Inc.
Casaundra Gallagher
Kimberly Siddle
Mr. Jared Ide

Brown University
Jenna Wurster
Dennis Bonal
Dr. Joslyn Mills

BioApprovals
Dr. Christopher Webster

Cabot Corporation
Mr. Gerry Caron

BiteScis
Stephanie Keep

Calvert Labs
Michael Dellogono

Boston Environmental &
Engineering Associates, Inc.
Mr. John F. Tweedie

Cell Press/Elsevier
Dr. Lara Szewczak

Adcole Aerospace
Rick Peralta
Aeroplas Corp. Intl.
Mr. Thomas Walton
AES Corporation
Mrs. Revathi Pillai
Amgen, Inc.
Jimson Wong
Analog Devices, Inc.
Mr. Badhri Uppiliappan
Archetype Technologies, Inc.
Dr. Bryan Bergeron
AstraZeneca
Dr. Dinesh Chandra
BAE Systems
Mr. Marty Glassman
Baker Hughes, a GE Company
Mr. Gary Kozinski

Boston University
Mr. Muhammad Usman Ghani
Mr. Muhammad Anas Imtiaz
Mr. Zachary Weaver
Boston University School of
Medicine
Jenny Klein
Chris Brooks
Brandeis University
Dr. John Berezney
Broadcom Corp.
Mr. Alvin Lin
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Central Connecticut State
University
Mitch Charkiewicz
Charles River Laboratories
International, Inc.
Dr. Matthew Costa
Charles Stark Draper
Laboratory, Inc.
David Beckman
Children's Hospital Boston
Dr. Ilias Doulamis
Dr. Dheeraj Soni

Codiak Biosciences
Gabrielle Mitchell-Lee

Dynamic Object Language Labs
Mr. Daniel Cerys

Global Innovation Labs
Igor Balk

Collins Aerospace
Dr. Haftay Hailu
Mr. Agostino DeFreitas

EMD Millipore
Dr. Corinne Miller
Dr. Misha Kozlov
Michael Whalen

HAML Clinical Associates
Dr. Harry Leichtman

Commonwealth of
Massachusetts
Barbara Buls
Ms. Sylvia Hobbs
Dr. Hotze Wijnja
Commonwealth of
Massachusetts, Executive
Office of Labor and Workforce
Development
Mr. Bob Nicotera
Computer Sports Systems, Inc.
Mr. Charles Housman
Conservacion Panama Inc.
Mr. Ezekiel Jakub
Consultant
Dr. Keith Kawate
Mr. Ernest Wolshin
Mr. Paul Lubin
Christina Bramante
Dr. Richard Garner
Dr. Byron Delabarre
Cordack
Dr. Colin Minchom
Corporate Environmental
Advisors
Mr. Adam Last
Dana Farber Cancer Institute
Dr. Bhavik Nathwani
Mr. Christopher Kenyon
Data Online LLC
Mr. Douglas Strott
Dell EMC
Ray Pavlak
Mr. Srikant Nalatwad
Mr. Clarence Ismey
Dexter Southfield School
Dr. Norman Wittels
Draper Laboratory, Inc.
Dr. Richard Dargusch

EMD Serono
Dr. Andrew Bender
Dr. Bharat Vaidyanathan
ESM Health Care Consultants
Mrs. Elizabeth Minassian
Eversource
Ms. Jackie Zajac
Mr. Glenn Posey
Mrs. Joy Omigie
Mr. Eric Falcone
Ms. Vera Admore-Sakyi
Jack Lopes
Ms. Dorothy Wrona
Mr. Walter Klimczak
Penni Conner
Mr. Colin Murphy
Mr. Brian Mcpheron
Joan Seaver
Ms. Nyoca Davis
John Tucker
Mr. Robert Wright
Ms. Theresa Bly
Mr. John Daly
John Zicko
Jonathan Reich
Evidera Inc.
Dr. Surbhi Shah
Evotec A.G.
Dr. Iva Toudjarska
Eze Software Group
Mr. Cody Dorfman
FinnBrit Consultant
Dr. Chris Moreton
Foundation Medicine
Dr. Shannon Bailey
Jeremy Deane
Dr. Andrej Savol
Mr. Matt Cooke
Erika Roth
Dr. Yogesh Bhootada
Mr. James Thornton Jr.
Dr. David Smith
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Harvard Medical School
Dr. Hartmut Wohlrab
Ms. Sarah Ahmed
Dr. Mandovi Chatterjee
Dr. Emily Mevers
Harvard University
Sophie Bai
Joseph Peidle
HPrentice Consulting, LLC
Dr. Holly Prentice
Iksuda Therapeutics
Dr. Susan Sullivan
Imaginic, Inc.
Dr. Elizabeth Rudnick
InDevR, Inc.
Ms. April Blodgett
Indigo Agriculture
Ms. Shruti Parikh
InfoScope Research
Dr. Yagiz Sutcu
INTEL Corp.
Mr. Lakshmanan Vanchinathan
Kaleido Biosciences
Mrs. Rose Lassos-Payne
Lando & Anastasi, LLP
Dr. Maria DeCicco RePass
LeMaitre Vascular
Mr. Bryan Choate
MA Dept. of Energy &
Environmental Affairs
Todd Callaghan
MA Dept. of Environmental
Protection
Ms. Albelee Haque
Steve Hallem
MA Dept. of Labor Standards
Mr. John Dallen

MA Dept. of Public Health
Mr. Michael Farris
Mr. Logan Bailey
MA Dept. of Transportation DOT
Mr. Lokman Arran
MA Div. of Marine Fisheries
Ms. Devon Winkler
Vincent Malkoski
MA Div. of Occupational Safety
Mr. Donald Delikat
Marine Biological Laboratory
Marshall Otter
Ms. Suzanne Thomas
Martin Klein Consultants
Mr. Martin Klein
Massachusetts General Hospital
Ed Hasaba
Mrs. Sarah Dougherty-Duffy
Brandy Dupee
Massachusetts Institute of
Technology
Elizaveta Tremsina
Hyun-Ho (Greco) Song
Ekaterina Sergan
Sarah Nyquist
Alexander Medeiros
Mr. Josh Moss
Kathleen Higgins
Ms. Shannon Johnson
Dr. Jefferson Roy
Ms. Juana Delao
Mr. Anshuman Das
Dr. Dipon Ghosh
Massachusetts Water
Resources Authority
Mr. Marcelo Machado
MathWorks, Inc.
Ms. Jenny Ren
Mr. Shailesh Nirgudkar
Saurabh Gujarathi
Mr. Jaime Varela
Medtronic
Dr. Leena Jongpaiboonkit
Merck Research Laboratories
Kerrie Spencer
Dr. Christian Fischer
Dr. Adam Schwaid

Mrs. Sulagna Sanyal
Kathy Dunsmore
Mr. Afshan Irani
Josephine Hai
Dr. Sushma Kommineni
Samantha Orosz
Dr. Milind Chalishazar
Dr. Damien Cabral
Sina Mohammadi
Ms. Maria Wissler
Dr. Nirodhini Siriwardana
Michaelyn Lux
Grace Stroman
Ms. Nita Frank
Tom Wyche
MIT Lincoln Laboratory
Dr. Trevor Ashley
Mr. David Brown
Kelly Beattie
Ken Kolodziej
Dr. Jean Eugene Piou
Dr. Phillip Bailey
Dr. James Johnson
Ms. Alexandra Wright
Mr. Jeffrey Psencik
Kourosh Arasteh

Dr. Pam Grewal
Dr. Carla Klattenhoff
Dr. Mike Mendelson
Nuclea Diagnostics Laboratory
Dr. Ying Li
Office of Naval Research
Richard Rigazio
Panthera Panama
Melva Olmos
Pfizer Global Research &
Development
Dr. Effie Tzameli
Process Science & Engineering,
LLC
Dr. Jack Martin
Raytheon Company
Dr. John Granville

Monte Nido & Affiliates
Vivian Lee

Retired
Mr. James Livingston
Lyndon Braun
Mr. Richard Moore
Mr. Douglas Gibson
Mr. Paul Blecharczyk
Mark Hoffman
Mr. Peter Anderson
Carol Hausner
Neil Churchill

National Oceanic and
Atmospheric Administration
Peter Kelliher

Ribon Therapeutics
Mr. Peter Kim
Christina Majer

Nelson Mullins Riley &
Scarborough LLP
Jessica Anthony

Riparian Pharmaceuticals
Ms. Tracy Biaco
Alison Hebert
Will Adams

Moderna Therapeutics
Dr. Amy Rabideau
Dr. Athanasios Dousis

New England Cord Blood Bank
Mr. Matthew Wilgo
New England Cryogenic Center
Rebecca Gagnon
New Equilibrium Biosciences
Dr. Virginia Burger
Novartis
Mrs. Aida Abujoub
Dr. Joe Loureiro
Dr. Upendra Argikar
Dr. Jennifer Allport
Dr. Laurie Hafer
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Robert E. Ricles, Esq.
Robert E Ricles
Rocket Pharmaceuticals
Ms. Jamie Kang
Sanofi
Dr. Diane Wuest
Ms. Kamalika Saha
Sanofi Genzyme
Linna Wei
Mr. Christopher Paige

Schneider Electric
Mr. Patrick Pizzimenti
SeaFire Micros, Inc.
James Awrach
Self-employed
Larry Dick
Dr. Julie Hambrook Berkman

Tufts University
Rachael Bonoan
Nicholas Dorian
Ms. Katja Kwaku
Ursula Beattie
Kathleen Sicinski
UCB Biosciences
Dr. Silvia Delker

SLAS
Dr. Mike Tarselli

UMASS Amherst
Mr. Brendan Moran

Sloan School of Management
Dr. Burouj Ajlouni

UMASS Boston
William Hagar

StemCell Technologies Inc.
Bernadette Nera
Dr. Ami Ashar
Dr. Joseph Yawe
Dr. Julie Martell
Ms. Lin Sun
Ms. Alexa Machikas
Katelyn Miller
Dr. Laura Raff
Dr. Garima Bhardwaj

UMASS Dartmouth
Mr. Donald Foster
Dr. Barry Haimson

SynDevRx, Inc.
Mr. James Shanahan

UMASS Lowell
Dr. Elliot Entin
UMASS Medical School
Dr. Ishani Dasgupta
Judy Savageau
Dr. Manish Muhuri
Allison Blodgett

Synlogic, Inc.
Caroline Kurtz

United Technologies Research
Center
Dr. Kenneth Smith

Synteract Inc.
Dr. Aneesh Argikar

University of Ottawa
Dr. Cassandra Donatelli

Takeda Pharmaceuticals
Ms. Annie Marcelin
Ms. Beth Piro
Ms. Nan Doyle
Magdalena Prentice
Dr. Prakash Purohit

US Army Natick RD&E Center
Dr. Michael Wiederoder

Tester Work
Mrs. Madhavi Sunkari
The MITRE Corporation
Mrs. Kristin Fitzgerald

Verastem Oncology
Mr. Paul Marinelli
Verity Platforms
Mr. Mark Stephan
Versatope Therapeutics
Dr. Julie Liao

The Singing Torah
Mike Speciner

Vertex Pharmaceuticals, Inc.
Dr. Aravind Basavapathruni
Ms. Erin Geno

Thermo Fisher Scientific
Ms. Janet Merrill
Dr. Eric Martin

Veterans Administration: VA
Boston HealthCare System
Dr. Mangadhara Madineedi
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VHB
Ms. Tess Paganelli
Voyager Therapeutics
Dr. Pranav Pandharipande
Dr. Yohann Potier
Dr. Srinivas Chollangi
Waters Corp.
Dr. Patrick Brophy
Wentworth Institute of
Technology
Dr. Dipti Sharma
WGBH
Ranida McKneally
Woodard & Curran
Doug Brandt
Worcester Fluids
Technology,LLC
Mr. Rafael Lazo

Judges Listing by Last Name
Judge
Abujoub, Aida
Adams, Will
Admore-Sakyi, Vera
Agarwalla, Nilesh
Ahmed, Sarah
Ajlouni, Burouj
Allport, Jennifer
Anderson, Peter
Anthony, Jessica
Arasteh, Kourosh
Argikar, Upendra
Argikar, Aneesh
Arran, Lokman
Ashar, Ami
Ashley, Trevor
Awrach, James
Bai, Sophie
Bailey, Phillip
Bailey, Logan
Bailey, Shannon
Balk, Igor
Basavapathruni, Aravind
Beattie, Ursula
Beattie, Kelly
Beckman, David
Bender, Andrew
Berezney, John
Bergeron, Bryan
Bhardwaj, Garima
Bhootada, Yogesh
Biaco, Tracy
Blecharczyk, Paul
Blodgett, April
Blodgett, Allison
Bly, Theresa
Bonal, Dennis
Bonoan, Rachael
Bramante, Christina
Brandt, Doug
Braun, Lyndon
Brooks, Chris

Affiliation
Novartis
Riparian Pharmaceuticals
Eversource
Broadcom Corp.
Harvard Medical School
Sloan School of Management
Novartis
Retired
Nelson Mullins Riley & Scarborough LLP
MIT Lincoln Laboratory
Novartis
Synteract Inc.
MA Dept. of Transportation DOT
StemCell Technologies Inc.
MIT Lincoln Laboratory
SeaFire Micros, Inc.
Harvard University
MIT Lincoln Laboratory
MA Dept. of Public Health
Foundation Medicine
Global Innovation Labs
Vertex Pharmaceuticals, Inc.
Tufts University
MIT Lincoln Laboratory
Charles Stark Draper Laboratory, Inc.
EMD Serono
Brandeis University
Archetype Technologies, Inc.
StemCell Technologies Inc.
Foundation Medicine
Riparian Pharmaceuticals
Retired
InDevR, Inc.
UMASS Medical School
Eversource
Brown University
Tufts University
Consultant
Woodard & Curran
Retired
Boston University School of Medicine
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Brophy, Patrick
Brown, David
Buls, Barbara
Burger, Virginia
Cabral, Damien
Callaghan, Todd
Caron, Gerry
Cerys, Daniel
Chalishazar, Milind
Chandra, Dinesh
Charkiewicz, Mitch
Chatterjee, Mandovi
Choate, Bryan
Chollangi, Srinivas
Churchill, Neil
Conner, Penni
Cooke, Matt
Costa, Matthew
Dallen, John
Daly, John
Dargusch, Richard
Das, Anshuman
Dasgupta, Ishani
Davis, Nyoca
Deane, Jeremy
DeCicco RePass, Maria
DeFreitas, Agostino
Delabarre, Byron
Delao, Juana
Delikat, Donald
Delker, Silvia
Dellogono, Michael
Dick, Larry
Donatelli, Cassandra
Dorfman, Cody
Dorian, Nicholas
Dougherty-Duffy, Sarah
Doulamis, Ilias
Dousis, Athanasios
Doyle, Nan
Dunsmore, Kathy
Dupee, Brandy
Entin, Elliot
Falcone, Eric

Waters Corp.
MIT Lincoln Laboratory
Commonwealth of Massachusetts
New Equilibrium Biosciences
Merck Research Laboratories
MA Dept. of Energy & Environmental Affairs
Cabot Corporation
Dynamic Object Language Labs
Merck Research Laboratories
AstraZeneca
Central Connecticut State University
Harvard Medical School
LeMaitre Vascular
Voyager Therapeutics
Retired
Eversource
Foundation Medicine
Charles River Laboratories International, Inc.
MA Dept. of Labor Standards
Eversource
Draper Laboratory, Inc.
Massachusetts Institute of Technology
UMASS Medical School
Eversource
Foundation Medicine
Lando & Anastasi, LLP
Collins Aerospace
Consultant
Massachusetts Institute of Technology
MA Div. of Occupational Safety
UCB Biosciences
Calvert Labs
Self-employed
University of Ottawa
Eze Software Group
Tufts University
Massachusetts General Hospital
Children's Hospital Boston
Moderna Therapeutics
Takeda Pharmaceuticals
Merck Research Laboratories
Massachusetts General Hospital
UMASS Lowell
Eversource
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Farris, Michael
Fischer, Christian
Fitzgerald, Kristin
Foster, Donald
Frank, Nita
Gujarathi, Saurabh
Gagnon, Rebecca
Gallagher, Casaundra
Garner, Richard
Geno, Erin
Ghani, Muhammad
Usman
Ghosh, Dipon
Gibson, Douglas
Glassman, Marty
Granville, John
Grewal, Pam
Hafer, Laurie
Hagar, William
Hai, Josephine
Hailu, Haftay
Haimson, Barry
Hallem, Steve
Hambrook Berkman, Julie
Haque, Albelee
Hasaba, Ed
Hausner, Carol
Hebert, Alison
Higgins, Kathleen
Hobbs, Sylvia
Hoffman, Mark
Housman, Charles
Ide, Jared
Imtiaz, Muhammad Anas
Irani, Afshan
Ismey, Clarence
Jakub, Ezekiel
Jankowski, Paul
Johnson, James
Johnson, Shannon
Jongpaiboonkit, Leena
Kang, Jamie
Kawate, Keith
Keep, Stephanie

MA Dept. of Public Health
Merck Research Laboratories
The MITRE Corporation
UMASS Dartmouth
Merck Research Laboratories
MathWorks, Inc.
New England Cryogenic Center
Bemis Associates, Inc.
Consultant
Vertex Pharmaceuticals, Inc.
Boston University
Massachusetts Institute of Technology
Retired
BAE Systems
Raytheon Company
Novartis
Novartis
UMASS Boston
Merck Research Laboratories
Collins Aerospace
UMASS Dartmouth
MA Dept. of Environmental Protection
Self-employed
MA Dept. of Environmental Protection
Massachusetts General Hospital
Retired
Riparian Pharmaceuticals
Massachusetts Institute of Technology
Commonwealth of Massachusetts
Retired
Computer Sports Systems, Inc.
Bemis Associates, Inc.
Boston University
Merck Research Laboratories
Dell EMC
Conservacion Panama Inc.
BayCoast Bank
MIT Lincoln Laboratory
Massachusetts Institute of Technology
Medtronic
Rocket Pharmaceuticals
Consultant
BiteScis
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Kelliher, Peter
Kenyon, Christopher
Kim, Peter
Klattenhoff, Carla
Klein, Jenny
Klein, Martin
Klimczak, Walter
Kolodziej, Ken
Kommineni, Sushma
Kozinski, Gary
Kozlov, Misha
Kurtz, Caroline
Kwaku, Katja
Lassos-Payne, Rose
Last, Adam
Lazo, Rafael
Lee, Vivian
Leichtman, Harry
Li, Ying
Liao, Julie
Lin, Alvin
Livingston, James
Lopes, Jack
Loureiro, Joe
Lubin, Paul
Lux, Michaelyn
Machado, Marcelo
Machikas, Alexa
Madineedi, Mangadhara
Majer, Christina
Malkoski, Vincent
Marcelin, Annie
Marinelli, Paul
Martell, Julie
Martin, Eric
Martin, Jack
McKneally, Ranida
Mcpheron, Brian
Medeiros, Alexander
Mendelson, Mike
Merrill, Janet
Mevers, Emily
Miller, Glen
Miller, Corinne

National Oceanic and Atmospheric Administration
Dana Farber Cancer Institute
Ribon Therapeutics
Novartis
Boston University School of Medicine
Martin Klein Consultants
Eversource
MIT Lincoln Laboratory
Merck Research Laboratories
Baker Hughes, a GE Company
EMD Millipore
Synlogic, Inc.
Tufts University
Kaleido Biosciences
Corporate Environmental Advisors
Worcester Fluids Technology,LLC
Monte Nido & Affiliates
HAML Clinical Associates
Nuclea Diagnostics Laboratory
Versatope Therapeutics
Broadcom Corp.
Retired
Eversource
Novartis
Consultant
Merck Research Laboratories
Massachusetts Water Resources Authority
StemCell Technologies Inc.
Veterans Administration: VA Boston HealthCare System
Ribon Therapeutics
MA Div. of Marine Fisheries
Takeda Pharmaceuticals
Verastem Oncology
StemCell Technologies Inc.
Thermo Fisher Scientific
Process Science & Engineering, LLC
WGBH
Eversource
Massachusetts Institute of Technology
Novartis
Thermo Fisher Scientific
Harvard Medical School
Acacia Communications
EMD Millipore
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Miller, Katelyn
Mills, Joslyn
Minassian, Elizabeth
Minchom, Colin
Mitchell-Lee, Gabrielle
Mohammadi, Sina
Moore, Richard
Moran, Brendan
Moreton, Chris
Moss, Josh
Muhuri, Manish
Murphy, Colin
Nalatwad, Srikant
Nathwani, Bhavik
Nera, Bernadette
Nicotera, Bob
Nirgudkar, Shailesh
Nyquist, Sarah
Olmos, Melva
Omigie, Joy
Orosz, Samantha
Otter, Marshall
Paganelli, Tess
Paige, Christopher
Pandharipande, Pranav
Parikh, Shruti
Pavlak, Ray
Peidle, Joseph
Peralta, Rick
Pillai, Revathi
Piou, Jean Eugene
Piro, Beth
Pizzimenti, Patrick
Posey, Glenn
Potier, Yohann
Prentice, Magdalena
Prentice, Holly
Psencik, Jeffrey
Purohit, Prakash
Rabideau, Amy
Raff, Laura
Reich, Jonathan
Reinhold, Arnold

StemCell Technologies Inc.
Brown University
ESM Health Care Consultants
Cordack
Codiak Biosciences
Merck Research Laboratories
Retired
UMASS Amherst
FinnBrit Consultant
Massachusetts Institute of Technology
UMASS Medical School
Eversource
Dell EMC
Dana Farber Cancer Institute
StemCell Technologies Inc.
Commonwealth of Massachusetts, Executive Office of Labor and Workforce
Development
MathWorks, Inc.
Massachusetts Institute of Technology
Panthera Panama
Eversource
Merck Research Laboratories
Marine Biological Laboratory
VHB
Sanofi Genzyme
Voyager Therapeutics
Indigo Agriculture
Dell EMC
Harvard University
Adcole Aerospace
AES Corporation
MIT Lincoln Laboratory
Takeda Pharmaceuticals
Schneider Electric
Eversource
Voyager Therapeutics
Takeda Pharmaceuticals
HPrentice Consulting, LLC
MIT Lincoln Laboratory
Takeda Pharmaceuticals
Moderna Therapeutics
StemCell Technologies Inc.
Eversource
A G Reinhold
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Ren, Jenny
Ricles, Robert E
Rigazio, Richard
Roth, Erika
Roy, Jefferson
Rudnick, Elizabeth
Saha, Kamalika
Sanyal, Sulagna
Savageau, Judy
Savol, Andrej
Schwaid, Adam
Seaver, Joan
Sergan, Ekaterina
Shah, Surbhi
Shanahan, James
Sharma, Dipti
Sherigar, Bhaskar
Sicinski, Kathleen
Siddle, Kimberly
Siriwardana, Nirodhini
Smith, David
Smith, Kenneth
Song, Hyun-Ho (Greco)
Soni, Dheeraj
Speciner, Mike
Spencer, Kerrie
Stephan, Mark
Stroman, Grace
Strott, Douglas
Sullivan, Susan
Sun, Lin
Sunkari, Madhavi
Sutcu, Yagiz
Szewczak, Lara
Tarselli, Mike
Thomas, Suzanne
Thornton Jr., James
Toudjarska, Iva
Tremsina, Elizaveta
Tucker, John
Tweedie, John F.
Tzameli, Effie
Uppiliappan, Badhri
Vaidyanathan, Bharat

MathWorks, Inc.
Robert E. Ricles, Esq.
Office of Naval Research
Foundation Medicine
Massachusetts Institute of Technology
Imaginic, Inc.
Sanofi
Merck Research Laboratories
UMASS Medical School
Foundation Medicine
Merck Research Laboratories
Eversource
Massachusetts Institute of Technology
Evidera Inc.
SynDevRx, Inc.
Wentworth Institute of Technology
Broadcom Corp.
Tufts University
Bemis Associates, Inc.
Merck Research Laboratories
Foundation Medicine
United Technologies Research Center
Massachusetts Institute of Technology
Children's Hospital Boston
The Singing Torah
Merck Research Laboratories
Verity Platforms
Merck Research Laboratories
Data Online LLC
Iksuda Therapeutics
StemCell Technologies Inc.
Tester Work
InfoScope Research
Cell Press/Elsevier
SLAS
Marine Biological Laboratory
Foundation Medicine
Evotec A.G.
Massachusetts Institute of Technology
Eversource
Boston Environmental & Engineering Associates, Inc.
Pfizer Global Research & Development
Analog Devices, Inc.
EMD Serono
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Vanchinathan,
Lakshmanan
Varela, Jaime
Walton, Thomas
Weaver, Zachary
Webster, Christopher
Wei, Linna
Whalen, Michael
Wiederoder, Michael
Wijnja, Hotze
Wilgo, Matthew
Winkler, Devon
Wissler, Maria
Wittels, Norman
Wohlrab, Hartmut
Wolshin, Ernest
Wong, Jimson
Wright, Robert
Wright, Alexandra
Wrona, Dorothy
Wuest, Diane
Wurster, Jenna
Wyche, Tom
Yawe, Joseph
Zajac, Jackie
Zicko, John

INTEL Corp.
MathWorks, Inc.
Aeroplas Corp. Intl.
Boston University
BioApprovals
Sanofi Genzyme
EMD Millipore
US Army Natick RD&E Center
Commonwealth of Massachusetts
New England Cord Blood Bank
MA Div. of Marine Fisheries
Merck Research Laboratories
Dexter Southfield School
Harvard Medical School
Consultant
Amgen, Inc.
Eversource
MIT Lincoln Laboratory
Eversource
Sanofi
Brown University
Merck Research Laboratories
StemCell Technologies Inc.
Eversource
Eversource
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2020 Exhibitors
Apr 24, 2020

Section 1 - Last Name of Student
Section 2 - City/Town, School, Last Name of Student
Section 3 - Team Project Listing

Exhibitors Listing by Last Name
Exhibitor
Abbas, MahNoor
Abdulhai, Rumaisa
Abraham, Neil
Adak, Aayush
Adamtsev, Samantha
Addanki, Anvitha
Addona, Emily
Agastra, Ergina
Ahmed, Warda
Ahmed, Safiyah
Alicea, Aracely
Alptekin, Omer
Anantha, Sidharth
Anisetti, Shravya
Antonio, Matthew
Anyosa-Galvez, Gonzalo
Aponte, Jaydam
Ashmore, Rebecca
Aslett, Charlotte

ID
F11
A23
B9
N25
N4
B26
D14
H6
F7
B2
F8
B27
C27
N14
D25
K17
K6
B7
G5

School
Taunton High School
Mass. Academy of Math & Science
Hopkinton High School
North Attleboro High School
Westfield High School
Canton High School
Newton Country Day School
Excel High School
Canton High School
Shrewsbury High School
Taunton High School
Shrewsbury High School
Lexington High School
Shrewsbury High School
Maynard High School
Cambridge Rindge & Latin High School
Excel High School
Blackstone Valley Voc-Tech. H.S.
Newton Country Day Sch/Sacred Heart
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Avadhuta, Ronit
Babincsak, William
Babineau, Thomson
Badawi, Carine
Baker, Mairead
Balian, Isabella
Baptist, Molly
Bauer, Alexandria
Berberi, Fiona
Betancourt, José
Bhalla, Neel
Bhardwaj, Jyoti
Bhatt, Ian
Bilsel, Eliana
Black, Tahnyia
Blennau, Mia
Bodepudi, Asritha
Bolden, Dashawn
Bolla, Sreeja
Bonilla, Daniela
Bourgeois, Emma
Bousios, Konstantina
Bozo, Rim
Brothers, Annabelle
Burrell, Delaney
Cambra, Ava
Capo, Aliyah
Casey, Conroy
Casey, Connor
Castaneda, Kimberly
Cavanaugh, Matthew
Chajar, Amine
Chan, Sabrina
Charron, Grace
Chaudhary, Aryan
Chaudhry, Parth
Chaudry, Naz
Chen, Kai
Chen, Song Yu
Chen, Xinni
Chen, Brian
Chen, Serena
Cho, Heesoo
Choi, Booyeon

B27
F17
C25
J9
H19
P3
D13
J25
B20
D21
G6
C2
B23
P17
C28
J16
J4
B3
C1
B5
G9
J1
H25
F15
H27
J22
C22
J18
F23
D17
N5
F25
F7
J3
D6
K16
G11
A16
C5
J28
P1
D2
D27
N1

Shrewsbury High School
Mass. Academy of Math & Science
Calvary Chapel Academy
Boston Latin School
Boston Latin Academy
Bancroft School
Upper Cape Cod Vocational Technical High School
St. Mark's School
North Quincy High School
Quincy High School
Lexington High School
Acton-Boxborough Regional High School
Boston Latin School
Wachusett Regional High School
Assabet Valley Vocational High School
Taunton High School
Lexington High School
Edward M. Kennedy Academy for Health Careers
Hopkinton High School
Pioneer Charter School of Science
Wachusett Regional High School
Methuen High School
Pioneer Charter School of Science
Martha's Vineyard Regional H. S.
St. John Paul ll High School
Bishop Stang High School
Pioneer Charter School of Science
Berkshire Arts & Technology Charter Public School
Leominster High School
Abbott Lawrence Academy
Bishop Stang High School
Excel High School
Canton High School
Maynard High School
Bancroft School
Algonquin Regional H.S.
Al Noor Academy
Bourne High School
North Quincy High School
Deerfield Academy
North Quincy High School
North Quincy High School
Dexter-Southfield School
Middlesex School

Section 3 - Page 2 of 9

Choqri-Hamrani, Shihab
Chumakova, Yana
Cirame, Sarah
Clark, Silas
Cloutier, Matthew
Coach, James
Conceicao, Bryan
Corkeron, Caitlin
Crofford, Margaret
Cross-Garcia, Lisette
Cui, Ziyao
Culp, Piper
D'Andrea, Henry
Dang, Dominique
Danila, Andrea
Dariotis, Maria
Dasari, Amelia
Dauriac, Lily
DiCarlo, Heather
Dosi, Aditi
Dunn, Kieran
Durkee, Dacota
Duta, Alexandra
Eatough, Samantha
Elshaar, Yumnah
Erickson, Holland
Erickson, Irene
Evans, Lily
Fan, Vincent
Farah, Albert
Fardin, Fariha
Farrington, Jacqueline
Fasy, James
Fernandes Freitas, Camilly
Flores Munoz, Pablo
Fonseca Rojas, Camila
Francis, Christina
Freeman, Elizabeth
Freitas-Soares, Lauren
Fritz, Olivia
Gaetani, Ruby
Ganapathi, Balaji
Ghalayini, Ziyad
Godfrey, Alexandra

D22
B15
B18
C11
D25
G26
A1
K14
J2
F18
H21
P10
D9
H16
C3
K23
A9
K22
D13
J12
K9
K7
J26
G7
G15
J11
H15
D23
K15
A8
H10
H18
F22
G12
D4
H6
J9
J3
B8
D21
K25
J15
A6
N7

Pioneer Charter School of Science II
Westfield High School
Malden Catholic High School
Falmouth Academy
Maynard High School
Westfield Vocational H. S.
Winthrop Sr. High School
Falmouth Academy
St. John Paul ll High School
Edward M. Kennedy Academy for Health Careers
The Cambridge School of Weston
Southeastern Regional Vocational Technical High School
Martha's Vineyard Regional H. S.
North Quincy High School
Sharon High School
Mass. Academy of Math & Science
Sharon High School
Bishop Feehan High School
Upper Cape Cod Vocational Technical High School
Shrewsbury High School
Boston College H.S.
Westfield Vocational H. S.
Boston Latin School
Somerville High School
Al Noor Academy
Bishop Stang High School
Hopedale Junior Senior High School
Bourne High School
Phillips Academy
Medford High School
Hopkinton High School
Acton-Boxborough Regional High School
Bishop Feehan High School
East Boston High School
North Quincy High School
Excel High School
Boston Latin School
Maynard High School
Assabet Valley Vocational High School
Quincy High School
Falmouth Academy
Acton-Boxborough Regional High School
Westfield High School
Plymouth South High School
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Goel, Lavanya
Gomes, Mariana
Goncalves, Zenilda
Gonzalez, Georgia
Gonzalez, Melissa
Gopal, Ayush
Gow, James
Gravel-Blaney, Zachariah
Grieve, Victoria
Griffin, Jack
Gu, Brian
Gu, Katherine
Gu, Kevin
Guinto, Arianna
Gupta, Divam
Hagyousif, Razan
Hande, Adhishri
Hannan, Reid
Harpin, Rachelle
Harutyunyan, Lily
Harutyunyan, Mary
Hayden, Jack
Heller, Rose
Henning, Margaret
Hicks, Nicolas
Hoffman, Sofia
Honor, Lily
Hornbostel, Paula
Hu, Nicholas
Huang, Kexuan
Huang, Alice
Hunter Black, Rio
Iwuchukwu, Ogechukwu
Iyer, Malvika
Jain, Shreya
Jensen, Aksel
Joseph, Rachel
Kalkanis, Faith
Kaminski, Daniel
Kassem, Yusef
Kaur, Simran
Kayzakian, Imma
Kearns, Cirdan
Khomski, Alice

H7
A20
P11
J20
F9
A14
H12
N19
A15
G17
B9
G16
B28
G24
H22
G11
J8
F16
D26
N8
N8
P20
C18
P15
D24
C4
G1
G18
J21
H9
K10
F10
N8
K1
N17
G14
G4
D13
F1
N9
B28
F20
N10
J17

Prospect Hill Academy Charter School
Assabet Valley Vocational High School
Southeastern Regional Vocational Technical High School
East Boston High School
Pioneer Charter School of Science
Westborough High School
Concord Academy
Westfield High School
North Attleboro High School
St. Mark's School
Hopkinton High School
Boston Latin School
Hopkinton High School
Assabet Valley Vocational High School
Bishop Feehan High School
Al Noor Academy
Lowell High School
Westfield High School
Assabet Valley Vocational High School
Billerica Memorial High School
Billerica Memorial High School
Martha's Vineyard Regional H. S.
Assabet Valley Vocational High School
Boston Latin Academy
East Boston High School
Wachusett Regional High School
Bishop Feehan High School
St. Mark's School
Newton South High School
Concord Academy
Lowell High School
Somerville High School
Billerica Memorial High School
Lexington High School
Middlesex School
Falmouth High School
Taunton High School
Upper Cape Cod Vocational Technical High School
Wachusett Regional High School
Bishop Feehan High School
Hopkinton High School
Westfield High School
Ralph C. Mahar High School
Boston University Academy
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Khond, Nikhil
Kim, Do Hoon
Koran, Catherine
Kovalski, Erika
Krikib, Ollaya
Kuang, Emily
Kumar, Akash
Kurada, Sruthi
Kurtzer, Anthony
Kyere, Adrienne
Lawrence, Claire
Lawson, Chloe
Le, Kristine
Leaver, Edith
LeBlanc, Genevieve
Lederman, Jeffrey
Lee, Seungjun
Lee, Trista
Leeuwenburgh, Emma
Leger, Luca
Lemay, Megan
Lesher, Elizabeth
Leslie, Samantha
Leung, Sabrina
Levesque, Alana
Li, Yangyang
Li, Jennifer
Li, Kamryn
Lim, Jae Yoon
Lin, Albert
Lin, John
Lingamarla, Harika
Liu, Helen
Loper, Max
Lopes Teodorak, Samuel
Lopez Betancur, Yeraldin
Loud, Cobi
Lu, Allyson
MacDonough, Gwyneth
Madan, Dhruv
Magas, Jackson
Mahajan, Anchal
Man, Rachel
Mangus, Kathryn

C12
F19
H26
D15
J7
D18
A27
J14
A24
D20
G10
J2
G13
K8
G2
B21
N12
J5
A19
G23
N11
N20
F6
G8
D1
A21
B6
A7
A11
B23
F27
N18
B2
B14
K6
G12
C26
A17
P19
K26
A25
H3
C16
N23

Stoughton High School
Northfield-Mt.Hermon School
Foxborough Regional Charter School
Westfield High School
Boston Latin Academy
North Quincy High School
Shrewsbury High School
Advanced Math and Science Academy
Bishop Feehan High School
Bishop Feehan High School
Lexington High School
St. John Paul ll High School
Lexington High School
Falmouth Academy
Bishop Feehan High School
Marblehead High School
Concord Academy
North Quincy High School
Bishop Feehan High School
Medfield Senior H. S.
West Boylston High School
Newton Country Day School
St. Mark's School
North Quincy High School
Berkshire Arts & Technology Charter Public School
Brookline High School
Lexington High School
Taunton High School
Milton Academy
Boston Latin School
Boston Latin School
Shrewsbury High School
Shrewsbury High School
Westfield High School
Excel High School
East Boston High School
Hampshire Regional H. S.
Middlesex School
Wachusett Regional High School
Bishop Feehan High School
North Attleboro High School
Billerica Memorial High School
Lexington High School
Wachusett Regional High School
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Mark Welch, Andrew
Mathew, Neva
Mazeika, Emma
McSweeney, Emma
Meehan, Ryan
Meel, Vidushi
Mekala, Bharat
Mendez, Erick
Metri, Sofia
Michalak, Griffin
Miller, Samuel
Miller, Alec
Miller, Alannah
Minocha, Rohan
Mishra, Arnav
Mitchell, Abigail
Mizerak, Elise
Moon, JieYeon(Celes)
Morrissey, Catherine
Mowatt, Cheyenne
Mukhopadhyay, Anushka
Muldrew, Aaron
Munn, Sophie
Munn, Linus
Mynampati, Saketh
Nagpal, Alisha
Naittalb, Sarrah
Narkiewicz, Ethan
Nasankar, Sharani
Nasankar, Shakaani
Nath, Anika
Nawab, Zubin
Nazir, Haya
Nemalikanti, Archita
Nene, Advait
Nerine, Sophie
Ngo, Bao Han
Nguyen, Hoa
Nguyen, Tuan
Ni, Kangqi
Nyman, Yasmin
OBrien, Dylan
Okoli, Nkemdilim
Oliveira, Yolanda

D3
B24
N19
H28
G23
J4
B9
B3
K8
J19
N5
D8
P9
A13
C7
G3
N22
P4
B12
B24
A27
K2
G13
P20
A12
C13
H25
B14
K28
H17
D7
C10
G15
C1
A18
C6
A3
D28
F25
H14
A16
D21
C23
D11

Falmouth High School
Pioneer Charter School of Science II
Westfield High School
Stoughton High School
Medfield Senior H. S.
Lexington High School
Hopkinton High School
Edward M. Kennedy Academy for Health Careers
Falmouth Academy
Tantasqua Reg. H. S.
Bishop Stang High School
Mass. Academy of Math & Science
Hopkinton High School
Hopkinton High School
Shrewsbury High School
Lowell High School
Wachusett Regional High School
Northfield-Mt.Hermon School
Westfield High School
Pioneer Charter School of Science II
Shrewsbury High School
Westfield High School
Lexington High School
Martha's Vineyard Regional H. S.
Billerica Memorial High School
Bishop Stang High School
Pioneer Charter School of Science
Westfield High School
Pioneer Charter School of Science II
Pioneer Charter School of Science II
Stoneham High School
St. John's High School
Al Noor Academy
Hopkinton High School
Hopkinton High School
North Quincy High School
Mass. Academy of Math & Science
Excel High School
Excel High School
Central Catholic H. S.
Bourne High School
Quincy High School
Boston Latin Academy
Mary Lyon Pilot High School
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Olofsson, Michelle
Osowiecki, Aidan
O’Brien, Grace
Pacheco, Ella
Packard, Jerome
Pal, Antara
Palmer, Dylan
Pandit, Aprameya
Pannenborg, Sami
Paradkar, Rohit
Parastatidis, Ourania
Park, William
Parrett, Kayla
Patel, Hirni
Patel, Darsh
Patnala, Aarush
Pawlowski, Jack
Pearl, John
Peerzade, Sayedazhar
Pepin, Phillip
Peters, Dabney
Pike, Emily
Pinkhassik, Timothy
Pinto, Pedro
Piratla, Srivishnu
Pogula, Sahithi
Prabhakar, Garima
Pratt, Marissa
Price, Kaitlin
Przechocki, Charles
Pulya, Ritvik
Pulya, Raaga
Quessa, Fahitza
Rae, Mackenzie
Raith, Jack
Rajagopal, Saniya
Rajgor, Tanisha
Rajkumar, Mantra
Ramanujam, Ksheeraja
Regnier, Elizabeth
Reid, Jaden
Reid, Antoinette
Reis, Sean
Revoori, Anwita

G10
F3
K24
F14
F2
C8
K20
D12
H15
C9
F3
H20
J6
C21
N13
P8
K21
D16
P8
H11
A22
G27
P6
D22
C14
B13
H8
K19
D5
J24
D10
H18
C22
P18
N16
P2
B13
K3
N18
B12
A28
H4
K13
C17

Lexington High School
Boston Latin School
West Boylston High School
Bishop Stang High School
Bourne High School
Acton-Boxborough Regional High School
St. John Paul ll High School
North Attleboro High School
Hopedale Junior Senior High School
Newton South High School
Boston Latin School
Northfield-Mt.Hermon School
Taunton High School
North Attleboro High School
Lowell High School
Advanced Math and Science Academy
Taunton High School
Bishop Feehan High School
Advanced Math and Science Academy
Boston Latin School
Falmouth High School
Bourne High School
Boston University Academy
Pioneer Charter School of Science II
Advanced Math and Science Academy
Hopkinton High School
Mass. Academy of Math & Science
Wachusett Regional High School
Westfield High School
Westfield High School
Acton-Boxborough Regional High School
Acton-Boxborough Regional High School
Pioneer Charter School of Science
Westfield High School
Assabet Valley Vocational High School
Falmouth Academy
Hopkinton High School
Hopkinton High School
Shrewsbury High School
Westfield High School
Southeastern Regional Vocational Technical High School
Westfield High School
Bishop Stang High School
Sharon High School
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Ricci, Jessica
Rodriguez, Daniel
Rodriguez, Isaac
Rodriguez, Simon
Rooney, Isabella
Rosales, Jenna
Roy, Nishita
Rudnick, Zoe
Rush, Juliana
Sadagopan, Ananthan
Sadler, Gavin
Sahoo, Omprakash
Sahoo, Yash
Sanzone, Samuel
Savant, Gaurav
Scharland, Craig
Schmalz, Katherine
Schremp, Michele
Schumacher, Samuel
Scott, Jaimon
Shapally, Himasri
Shaw-Nelson, Tayden
Sheeran, Colin
Sheikh, Nazneen
Shen, Andrew
Shkurikhina, Alina
Sicard, Trista
Siddiqui, Talal
Sidibay, Dusu
Silva, Katelyn
Silvia, Paige
Smith, Alec
Souabny, Yassine
Spooner, Nicholas
Staco, Isabelle
Stochaj, Kimberly
Stolyar, Alisa
Subramanian, Pooja
Suhocki, Anthony
Sun, Zhijian
Sundararajan, Suvin
Sunkari, Aakash
Tan, Bowen
Tasca, Abby

H1
B11
N28
N28
J1
F12
H2
B25
H28
H13
C24
J13
J13
P5
B22
B17
K5
C19
A5
F2
F5
F14
F24
H3
B16
G19
P11
D25
A10
J22
A7
K7
B23
A28
G21
F26
P9
A10
F16
B19
A26
A25
J10
B4

Bishop Feehan High School
Malden Catholic High School
Excel High School
Excel High School
Methuen High School
Bishop Feehan High School
Shrewsbury High School
Shrewsbury High School
Stoughton High School
Westborough High School
Malden Catholic High School
Chelmsford High School
Chelmsford High School
Malden Catholic High School
Worcester Academy
Bishop Feehan High School
Wachusett Regional High School
Bishop Feehan High School
Taunton High School
Bourne High School
Mass. Academy of Math & Science
Bishop Stang High School
Bishop Feehan High School
Billerica Memorial High School
Lexington High School
Shrewsbury High School
Southeastern Regional Vocational Technical High School
Maynard High School
Canton High School
Bishop Stang High School
Taunton High School
Westfield Vocational H. S.
Boston Latin School
Southeastern Regional Vocational Technical High School
Brockton High School
Mass. Academy of Math & Science
Hopkinton High School
Canton High School
Westfield High School
Governor Dummer Academy
Westfield High School
North Attleboro High School
Falmouth Academy
Wachusett Regional High School
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Taub, Ezra
Thieler, Sarah
Thimothee, Kimberly
Thirumalai, Amrita
Titus, Ann
Todd-Weinstein, Natalie
Tonna, Theodore
Turgeon, Becca
Vilallonga, Nicolas
Vilorio, Jose
Vishwanath, Sharada
Vu, Kaitlyn
Wadekar, Adway
Wadsworth, Peter
Wang, Daisy
Warden, Adam
Weber, Olivia
Webster, Abigail
Westover, Alek
Wiggins, Quincy
Wiggins, Quaron
Williams, James
Wojtowicz, Katelyn
Wu, Yuemeng
Xie, Yuxin
Xin, Siyu
Yang, Andrew
Yoo, Gawon
Yoon, Justin
Youssef, Michael
Yue, William
Zaman, Sama
Zhang, Victoria
Zhang, Mark
Zhang, Baohui (Cather)
Zhong, Elizabeth
Zhou, Jeremy
Zhu, Sebastian

C23
G20
C22
B10
H2
C15
B1
K12
J27
K18
J23
F28
N21
N15
G16
D22
D19
K11
K4
K18
G25
H23
J1
C20
K27
N24
F4
N27
F21
N3
K15
G22
G28
G23
A4
F13
A2
K15

Boston Latin Academy
Falmouth Academy
Pioneer Charter School of Science
Mass. Academy of Math & Science
Shrewsbury High School
Falmouth Academy
Bancroft School
Assabet Valley Vocational High School
Boston Latin School
John D. O'Bryant School of Mathematics and Science
Algonquin Regional H.S.
North Quincy High School
St. John's High School
Boston Latin School
Boston Latin School
Pioneer Charter School of Science II
Taunton High School
Berkshire Arts & Technology Charter Public School
Belmont High School
John D. O'Bryant School of Mathematics and Science
John D. O'Bryant School of Mathematics and Science
East Boston High School
Methuen High School
Northfield-Mt.Hermon School
Phillips Academy
Berkshire School
Mass. Academy of Math & Science
Acton-Boxborough Regional High School
Middlesex School
Hopkinton High School
Phillips Academy
Falmouth Academy
Phillips Academy
Medfield Senior H. S.
Falmouth Academy
Wayland High School
Phillips Academy
Phillips Academy
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Exhibitors by School City/Town, School, Student
Acton

Acton-Boxborough Regional High School

Farrington, Jacqueline

Discipline : Biology

Region: 4
TEAM Exhibit:
H18

Homeopathic Remedies for Parkinson's and Alzheimer's in C. elegans
Acton

Acton-Boxborough Regional High School

Pulya, Raaga

Discipline : Biology

Region: 4
TEAM Exhibit:
H18

Homeopathic Remedies for Parkinson's and Alzheimer's in C. elegans
Acton
Acton-Boxborough Regional High School
Region: 4
Pal, Antara
Discipline : Biology
Exhibit: C8
Multi-Parameter Optimization of the ECM: A Novel Approach to Controlling Cancer
Acton
Ganapathi, Balaji

Acton-Boxborough Regional High School
Discipline : Biochemistry
Effects of Retinol & RA on the Ability of Fruit Flies to Detect Light

Region: 4
Exhibit: J15

Acton
Bhardwaj, Jyoti

Acton-Boxborough Regional High School
Discipline : Environmental Science
Plant Based In-Home Solution to Lung Problems Caused by Air Pollution

Region: 4
Exhibit: C2

Acton
Pulya, Ritvik

Acton-Boxborough Regional High School
Discipline : Computers
Designing a Deep Learning Model for Improved Breast Cancer Prediction

Region: 4
Exhibit: D10

Acton
Yoo, Gawon

Acton-Boxborough Regional High School
Discipline : Biology
Are We Safe From Our Phones?: The Effect of Display Light on Cancer

Region: 4
Exhibit: N27

Adams
Levesque, Alana

Berkshire Arts & Technology Charter Public School
Discipline : Behavioral Science
How Music Affects Learning!

Region: 1
Exhibit: D1

Adams
Casey, Conroy

Berkshire Arts & Technology Charter Public School
Discipline : Chemistry
All Natural Multi Purpose Pesticide

Region: 1
Exhibit: J18

Adams
Webster, Abigail
Andover
Xie, Yuxin
Andover
Zhu, Sebastian

Berkshire Arts & Technology Charter Public School
Discipline : Environmental Science
Finding the Least Impactful Ice-Melt Solution for Local Plant Life

Region: 1
Exhibit: K11

Phillips Academy
Discipline : Mathematics
Abel Jacobian Condition for Quadrilateral Mesh

Region: 4
Exhibit: K27

Phillips Academy
Discipline : Mathematics
On the Complexity of Generalized Roller Splat!
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Region: 4
TEAM Exhibit:
K15

Andover
Zhang, Victoria

Phillips Academy
Discipline : Physics & Electronics
Patterns and Symmetries in Spiking Neural Networks

Andover

Phillips Academy

Fan, Vincent

Discipline : Mathematics

Region: 4
Exhibit: G28
Region: 4
TEAM Exhibit:
K15

On the Complexity of Generalized Roller Splat!
Andover

Phillips Academy

Yue, William

Discipline : Mathematics

Region: 4
TEAM Exhibit:
K15

On the Complexity of Generalized Roller Splat!
Andover
Zhou, Jeremy

Phillips Academy
Discipline : Mathematics
Constructing Rooted Trees From Their Order Quasisymmetric Functions

Attelboro
Pearl, John

Bishop Feehan High School
Discipline : Environmental Science
Eliminating Plastic Waste

Region: 4
Exhibit: A2
Region: 3
Exhibit: D16

Attleboro
Bishop Feehan High School
Kyere, Adrienne
Discipline : Chemistry
Powerade vs. Gatorade: Which Sports Drinks Have the Most Electrolytes?

Region: 3
Exhibit: D20

Attleboro
Gupta, Divam

Region: 3
Exhibit: H22

Bishop Feehan High School
Discipline : Environmental Science
How Do You Make a Biodegradable Plastic That's Digestible and Soluble

Attleboro
Scharland, Craig

Bishop Feehan High School
Discipline : Biology
Which Substance Best Inhibits Bread Mold

Region: 3
Exhibit: B17

Bishop Feehan High School
Discipline : Chemistry
Which Type of Fabric Material Will Retain the Most Amount of Dye?

Region: 3
Exhibit: F22

Attleboro
Madan, Dhruv

Bishop Feehan High School
Discipline : Engineering
Best Shape of a Wind Turbine Blade

Region: 3
Exhibit: K26

Attleboro
Kassem, Yusef

Bishop Feehan High School
Discipline : Environmental Science
Wood Smoke’s Affect on Lungs

Region: 3
Exhibit: N9

Bishop Feehan High School
Discipline : Biochemistry
Pollution Solution

Region: 3
Exhibit: H1

Attleboro
Fasy, James

Attleboro
Ricci, Jessica
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Attleboro
Bishop Feehan High School
Schremp, Michele
Discipline : Environmental Science
Using Mounting Systems to Improve the Power Produced by a Solar Array

Region: 3
Exhibit: C19

Attleboro
Bishop Feehan High School
Leeuwenburgh, Emma
Discipline : Biochemistry
Is Seed Germination Affected by Soaking Seeds in Chemicals?

Region: 3
Exhibit: A19

Attleboro
Sheeran, Colin

Bishop Feehan High School
Discipline : Biology
Finger Print Analysis Comparisons

Region: 3
Exhibit: F24

Bishop Feehan High School
Discipline : Physics & Electronics
Infrared versus Sonar: Which Sensor Works Better?

Region: 3
Exhibit: G1

Bishop Feehan High School
Discipline : Environmental Science
Water Quality Testing in Multiple Sites in Southeastern Massachusetts

Region: 3
Exhibit: K22

Attleboro
Honor, Lily
Attleboro
Dauriac, Lily
Attleboro
Rosales, Jenna

Bishop Feehan High School
Discipline : Biology
Natural Cleaners

Attleboro
Bishop Feehan High School
LeBlanc, Genevieve
Discipline : Biology
Essential Oils vs. Bleach: Is There a Cleaner Way to Kill Bacteria?
Barnstable
Palmer, Dylan

St. John Paul ll High School
Discipline : Earth & Space Science
Turns out, The Earth is Round

Belmont
Westover, Alek
Billerica
Mynampati, Saketh
Billerica

Region: 3
Exhibit: G2
Region: 5
Exhibit: K20

Belmont High School
Discipline : Mathematics
Cache-Efficient Parallel-Partition Algorithms using EREW Memory

Region: 4
Exhibit: K4

Billerica Memorial High School
Discipline : Engineering
Prototype "Alarm" to Alert Car Owners to a Child Left in the Car

Region: 4
Exhibit: A12

Billerica Memorial High School

Sheikh, Nazneen

Region: 3
Exhibit: F12

Discipline : Environmental Science

Region: 4
TEAM Exhibit:
H3

Determining the Best Method for Encouraging Indoor Home Gardening
Billerica
Harutyunyan, Lily

Billerica Memorial High School
Discipline : Environmental Science
Absorbing CO2 with KOH
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Region: 4
TEAM Exhibit:
N8

Billerica

Billerica Memorial High School

Mahajan, Anchal

Discipline : Environmental Science

Region: 4
TEAM Exhibit:
H3

Determining the Best Method for Encouraging Indoor Home Gardening
Billerica

Billerica Memorial High School

Iwuchukwu, Ogechukwu

Discipline : Environmental Science

Region: 4
TEAM Exhibit:
N8

Absorbing CO2 with KOH
Billerica

Billerica Memorial High School

Harutyunyan, Mary

Discipline : Environmental Science

Region: 4
TEAM Exhibit:
N8

Absorbing CO2 with KOH
Boston
Cross-Garcia, Lisette
Boston

Edward M. Kennedy Academy for Health Careers
Discipline : Chemistry
Is Your Shampoo Deceiving You?
Boston Latin School

Lin, Albert

Discipline : Engineering

Region: 6
Exhibit: F18
Region: 6
TEAM Exhibit:
B23

Creation of Interactive AI Robot to Play Mathematical Game
Boston

Boston Latin School

Badawi, Carine

Discipline : Environmental Science

Region: 6
TEAM Exhibit:
J9

Prevalence of Microplastics in Commercial Salts
Boston

Boston Latin School

Francis, Christina

Discipline : Environmental Science

Region: 6
TEAM Exhibit:
J9

Prevalence of Microplastics in Commercial Salts
Boston

Boston Latin School

Souabny, Yassine

Discipline : Engineering

Region: 6
TEAM Exhibit:
B23

Creation of Interactive AI Robot to Play Mathematical Game
Boston
Lin, John

Boston Latin School
Discipline : Biology
Role of Protective Species in Inhibiting Virulence Factor in S. mutans

Boston

Boston Latin School

Osowiecki, Aidan

Discipline : Biology

Region: 6
Exhibit: F27
Region: 6
TEAM Exhibit:
F3

Presence of Wolbachia Bacterium in Local Boston
Boston
Mendez, Erick

Edward M. Kennedy Academy for Health Careers
Discipline : Physics & Electronics

Region: 6
TEAM Exhibit:
B3

The Ideal Gas Law (Deflategate Data)
Boston
Taub, Ezra

Boston Latin Academy
Discipline : Biochemistry
Testing the Competitive Binding Model between ApoE Isoforms & Abeta
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Region: 6
TEAM Exhibit:
C23

Boston

Boston Latin School

Region: 6
TEAM Exhibit:
Wang, Daisy
Discipline : Biology
G16
Knockout of AHNAK2 in Pancreatic Cancer using CRISPR/Cas9 Technology
Boston

Boston Latin School

Bhatt, Ian

Discipline : Engineering

Region: 6
TEAM Exhibit:
B23

Creation of Interactive AI Robot to Play Mathematical Game
Boston
Baker, Mairead

Boston Latin Academy
Discipline : Biology
Infant Rat Brain Volumes After Prolonged Morphine Administration

Boston
Nguyen, Hoa
Boston
Khomski, Alice

Excel High School
Discipline : Biology
Blood Spatter
Boston University Academy
Discipline : Biology
Investigating the Impact of Serum on the Growth of TM7x and Host XH001

Boston
Duta, Alexandra
Boston
Pepin, Phillip

Region: 6
Exhibit: H19
Region: 6
Exhibit: D28
Region: 5
Exhibit: J17

Boston Latin School
Discipline : Behavioral Science
Altering the Circadian Cycle of Madagascar Hissing Cockroaches

Region: 6
Exhibit: J26

Boston Latin School
Discipline : Environmental Science
Are Ma Emergency Water Sources of Potable Water Safe to Drink?

Region: 6
Exhibit: H11

Boston
Wadsworth, Peter
Boston
Lopez Betancur, Yeraldin

Boston Latin School
Discipline : Behavioral Science
Dreams: How Real Are They?
East Boston High School
Discipline : Environmental Science

Region: 6
Exhibit: N15
Region: 6
TEAM Exhibit:
G12

Plastic Waste in East Boston
Boston
Wiggins, Quincy

John D. O'Bryant School of Mathematics and Science
Discipline : Engineering
Boats Buoyancy

Region: 6
Exhibit: K18

Boston
Vilallonga, Nicolas

Boston Latin School
Discipline : Engineering
Electromagnetically Powered Car Prototype

Region: 6
Exhibit: J27

Boston
Fernandes Freitas, Camilly

East Boston High School
Discipline : Environmental Science
Plastic Waste in East Boston
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Region: 6
TEAM Exhibit:
G12

BOSTON
Dunn, Kieran

Boston College H.S.
Discipline : Environmental Science
Antibiotic Effects on Tenebrio Ingestion of Styrofoam

Boston
Wiggins, Quaron
Boston
Pinkhassik, Timothy

John D. O'Bryant School of Mathematics and Science
Discipline : Chemistry
Melting Ice
Boston University Academy
Discipline : Biochemistry
Tracking Metabolism of Renal Cell Carcinoma with MRI

Boston
Boston Latin Academy
Henning , Margaret
Discipline : Biochemistry
Determining Which Antacid Functions Best in Neutralizing the Stomach
Boston
Krikib, Ollaya

Boston Latin Academy
Discipline : Biology
How do Pesticides Affect the Regeneration of Planarians

Boston

Boston Latin School

Parastatidis, Ourania

Discipline : Biology

Region: 5
Exhibit: K9
Region: 6
Exhibit: G25
Region: 5
Exhibit: P6
Region: 6
Exhibit: P15
Region: 6
Exhibit: J7
Region: 6
TEAM Exhibit:
F3

Presence of Wolbachia Bacterium in Local Boston
Boston

Boston Latin Academy

Okoli, Nkemdilim

Discipline : Biochemistry

Region: 6
TEAM Exhibit:
C23

Testing the Competitive Binding Model between ApoE Isoforms & Abeta
Boston
Vilorio, Jose
Boston
Bolden, Dashawn

John D. O'Bryant School of Mathematics and Science
Discipline : Engineering
Boats Buoyancy
Edward M. Kennedy Academy for Health Careers
Discipline : Physics & Electronics

Region: 6
Exhibit: K18
Region: 6
TEAM Exhibit:
B3

The Ideal Gas Law (Deflategate Data)
Bourne
Kalkanis, Faith

Upper Cape Cod Vocational Technical High School
Discipline : Behavioral Science

Region: 5
TEAM Exhibit:
D13

Depression in Drosophila
Bourne
Scott, Jaimon

Bourne High School
Discipline : Engineering

Region: 5
TEAM Exhibit:
F2

Development of a Self-Sustaining Daphnia magna Culture
Bourne
DiCarlo, Heather

Upper Cape Cod Vocational Technical High School
Discipline : Behavioral Science
Depression in Drosophila
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Region: 5
TEAM Exhibit:
D13

Bourne

Bourne High School

Chen, Kai

Discipline : Environmental Science

Region: 5
TEAM Exhibit:
A16

Reducing the Output of Microfibers from Washing Machines
Bourne
Pike, Emily

Bourne High School
Discipline : Engineering
Development of a Bio-Photovoltaic Power System

Region: 5
Exhibit: G27

Bourne
Evans, Lily

Bourne High School
Discipline : Engineering
Detecting Isoprene Levels to Signal Hypoglycemia

Region: 5
Exhibit: D23

Bourne

Upper Cape Cod Vocational Technical High School

Baptist, Molly

Discipline : Behavioral Science

Region: 5
TEAM Exhibit:
D13

Depression in Drosophila
Bourne

Bourne High School

Packard, Jerome

Discipline : Engineering

Region: 5
TEAM Exhibit:
F2

Development of a Self-Sustaining Daphnia magna Culture
Bourne

Bourne High School

Nyman, Yasmin

Discipline : Environmental Science

Region: 5
TEAM Exhibit:
A16

Reducing the Output of Microfibers from Washing Machines
Brighton
Oliveira , Yolanda

Mary Lyon Pilot High School
Discipline : Engineering
Smart Necklace

Region: 6
Exhibit: D11

Brockton High School
Discipline : Environmental Science
Adaptations in Reproductive Patterns With C. Maculatus

Region: 5
Exhibit: G21

Brookline
Cho, Heesoo

Dexter-Southfield School
Discipline : Biology
Controlling Proliferation of Primary T-Cells Using Genetic Circuits

Region: 5
Exhibit: D27

Brookline
Li, Yangyang

Brookline High School
Discipline : Computers
Natural Language Processing for Early Diagnosis of Azheimer's Disease

Region: 5
Exhibit: A21

Byfield
Sun, Zhijian

Governor Dummer Academy
Discipline : Computers
Coral Fish Identification and Classification

Region: 4
Exhibit: B19

Prospect Hill Academy Charter School
Discipline : Biology
Does Adding Waste Coffee or Cocoa to Soil Improve Vegetable Growth?

Region: 4
Exhibit: H7

Brockton
Staco, Isabelle

Cambridge
Goel, Lavanya
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Cambridge
Anyosa-Galvez, Gonzalo
Canton

Cambridge Rindge & Latin High School
Discipline : Biology
Antibiotic Resistance & A New Hope
Canton High School

Sidibay, Dusu

Discipline : Engineering

Region: 4
Exhibit: K17
Region: 5
TEAM Exhibit:
A10

Can We Improve Vehicles to Detect Carbon Monoxide?
Canton
Addanki, Anvitha

Canton High School
Discipline : Biology
A Novel Mechanism for Estimating Glioblastoma Tumor Growth Rates

Canton

Canton High School

Ahmed, Warda

Discipline : Biology

Region: 5
Exhibit: B26
Region: 5
TEAM Exhibit:
F7

Effect of Various Antioxidants on Regeneration of Planaria
Canton

Canton High School

Subramanian, Pooja

Discipline : Engineering

Region: 5
TEAM Exhibit:
A10

Can We Improve Vehicles to Detect Carbon Monoxide?
Canton

Canton High School

Chan, Sabrina

Discipline : Biology

Region: 5
TEAM Exhibit:
F7

Effect of Various Antioxidants on Regeneration of Planaria
Chelmsford

Chelmsford High School

Sahoo, Yash

Discipline : Chemistry

Region: 4
TEAM Exhibit:
J13

Graphene Based Organic Solar Cell
Chelmsford

Chelmsford High School

Sahoo, Omprakash

Discipline : Chemistry

Region: 4
TEAM Exhibit:
J13

Graphene Based Organic Solar Cell
Concord
Huang , Kexuan

Concord Academy
Discipline : Environmental Science
Herbivory-Induced Effects on Community-Wide Pollination Services

Region: 4
Exhibit: H9

Concord
Lee, Seungjun

Concord Academy
Discipline : Biology
Interference in Antibiotic Resistance of Bacteria by Natural Extracts

Region: 4
Exhibit: N12

Concord
Jain, Shreya

Middlesex School
Discipline : Computers
Using Google Trends Data to Predict Incidents of Seasonal Illness

Region: 4
Exhibit: N17

Concord
Yoon, Justin

Middlesex School
Discipline : Physics & Electronics
Developing a Smart Voice-Directing Fire Alarm System Using Arduino

Region: 4
Exhibit: F21
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Concord
Gow, James

Concord Academy
Discipline : Engineering
Contracting Silk Fibroin Hydrogels for Wound Stress Relief

Region: 4
Exhibit: H12

Middlesex School
Discipline : Biochemistry
The Effects of Gap Junctions on the Presence of Interictal Periods

Region: 4
Exhibit: A17

Middlesex School
Discipline : Computers
Audio Source Location Algorithm for a Single Disaster Response Drone

Region: 4
Exhibit: N1

Deerfield Academy
Discipline : Computers
Classification of Political Bias in News Publications

Region: 1
Exhibit: J28

East Boston High School
Discipline : Biology
Using Synthetic Biology to Manipulate Bacteria Growth and Smell

Region: 6
Exhibit: J20

Concord
Lu, Allyson
Concord
Choi, Booyeon
Deerfield
Chen, Xinni
East Boston
Gonzalez, Georgia
East Boston
Hicks, Nicolas
East Boston
Williams, James

East Boston High School
Discipline : Biology
Attack Of The Flies
East Boston High School
Discipline : Engineering
3D-Printed Cell Phone Stand

Region: 6
Exhibit: D24
Region: 6
Exhibit: H23

Everett
Gonzalez, Melissa

Pioneer Charter School of Science
Discipline : Biology
An Antibiotic Approach to Sepsis

Region: 4
Exhibit: F9

Everett

Pioneer Charter School of Science

Region: 4
TEAM Exhibit:
C22

Quessa, Fahitza

Discipline : Engineering
Garden-Aide

Everett
Capo, Aliyah

Pioneer Charter School of Science
Discipline : Engineering

Region: 4
TEAM Exhibit:
C22

Garden-Aide
Everett
Naittalb, Sarrah

Pioneer Charter School of Science
Discipline : Biology

Region: 4
TEAM Exhibit:
H25

Enterobacter Cancergenus Isolate
Everett
Bonilla, Daniela

Pioneer Charter School of Science
Discipline : Computers
Emergency, Safety, and Precautions App
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Region: 4
Exhibit: B5

Everett

Pioneer Charter School of Science

Thimothee, Kimberly

Discipline : Engineering

Region: 4
TEAM Exhibit:
C22

Garden-Aide
Everett

Pioneer Charter School of Science

Bozo, Rim

Discipline : Biology

Region: 4
TEAM Exhibit:
H25

Enterobacter Cancergenus Isolate
Falmouth
Zhang, Baohui (Cather)
Falmouth
Corkeron, Caitlin
Falmouth

Falmouth Academy
Discipline : Biology
Visual Function of AHR1b in Embryonic Danio rerio

Region: 5
Exhibit: A4

Falmouth Academy
Discipline : Biology
Jump Kinematics and Kinetics of Agility Dogs

Region: 5
Exhibit: K14

Falmouth Academy

Metri , Sofia

Discipline : Biochemistry

Region: 5
TEAM Exhibit:
K8

The Effects of Oxycodone on Hermissenda opalescens
Falmouth
Jensen, Aksel

Falmouth High School
Discipline : Mathematics
Modeling Glacial Nitrogen Flux on Diatom Biomass

Region: 5
Exhibit: G14

Falmouth
Thieler, Sarah

Falmouth Academy
Discipline : Environmental Science
Microplastic Characterization in Surface Waters Near Pacific Islands

Region: 5
Exhibit: G20

Falmouth
Leaver, Edith

Falmouth Academy
Discipline : Biochemistry

Region: 5
TEAM Exhibit:
K8

The Effects of Oxycodone on Hermissenda opalescens
Falmouth
Todd-Weinstein, Natalie
Falmouth
Gaetani, Ruby
Falmouth
Mark Welch, Andrew
Falmouth
Peters, Dabney

Falmouth Academy
Discipline : Behavioral Science
The Effect of Isolation on Pogonomyrmex Behavior

Region: 5
Exhibit: C15

Falmouth Academy
Discipline : Environmental Science
Can Our Soil Take the Heat?

Region: 5
Exhibit: K25

Falmouth High School
Discipline : Biochemistry
Home Aquaria to Mitigate Climate Change

Region: 5
Exhibit: D3

Falmouth High School
Discipline : Engineering
So Loud it Hertz
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Region: 5
Exhibit: A22

Falmouth
Clark, Silas

Falmouth Academy
Discipline : Biology
The Response of the Coral Microbiome to Temperature Stress

Region: 5
Exhibit: C11

Falmouth
Tan, Bowen

Falmouth Academy
Discipline : Biology
Effects of Hurricane Induced Increased Salinity on Agricultural Crops

Region: 5
Exhibit: J10

Falmouth
Rajagopal, Saniya
Falmouth
Zaman, Sama

Falmouth Academy
Discipline : Biology
The Role of Coral Polyp Connectivity in Response to Tactile Stimuli
Falmouth Academy
Discipline : Biology
RNA Editing of AMPA Receptors in Squid Nervous Tissue

Farmingville

Medfield Senior H. S.

Meehan, Ryan

Discipline : Chemistry

Region: 5
Exhibit: P2
Region: 5
Exhibit: G22
Region: 5
TEAM Exhibit:
G23

Reduction of CO Poisoning in PEM Fuel Cells via Au-Ru Nanoparticles
Fiskdale
Michalak, Griffin

Tantasqua Reg. H. S.
Discipline : Environmental Science
Giardia Detection in Local Bodies of Water

Region: 2
Exhibit: J19

Foxboro
Koran, Catherine

Foxborough Regional Charter School
Discipline : Physics & Electronics
Air Pressure, Friction, and the Motion of Objects

Region: 3
Exhibit: H26

Gill
Northfield-Mt.Hermon School
Moon, JieYeon(Celes)
Discipline : Behavioral Science
Smart Cushion System Improves Posture Correction Capability Using IoT
Gill
Kim, Do Hoon

Northfield-Mt.Hermon School
Discipline : Engineering
Development of Upper Limb Prosthesis Using 3D Printing Technique

Henderson

Medfield Senior H. S.

Zhang, Mark

Discipline : Chemistry

Region: 1
Exhibit: P4
Region: 1
Exhibit: F19
Region: 5
TEAM Exhibit:
G23

Reduction of CO Poisoning in PEM Fuel Cells via Au-Ru Nanoparticles
Holden
Wachusett Regional High School
Schmalz, Katherine
Discipline : Biology
The Effect of Preadult Methionine Supplementation on C. elegans
Holden
Wachusett Regional High School
MacDonough, Gwyneth
Discipline : Biology
Combating Malnutrition-The Effect of Eggs on Drosophila Melanogaster
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Region: 2
Exhibit: K5
Region: 2
Exhibit: P19

Holden
Tasca, Abby

Wachusett Regional High School
Discipline : Biology
Effects of Noise Pollution on D. Magna

holden
Mangus, Kathryn

Region: 2
Exhibit: B4

Wachusett Regional High School
Discipline : Biology
The Effect of Microplastics on Dinoflagellates

Region: 2
Exhibit: N23

Holden
Hoffman, Sofia

Wachusett Regional High School
Discipline : Biology
The Effect of Calcium Powder Mite Dusting on Drosophila Melanogaster.

Region: 2
Exhibit: C4

Holden
Pratt, Marissa

Wachusett Regional High School
Discipline : Biology
The Effect of Ecdyseriods on Planarian Regeneration

Region: 2
Exhibit: K19

Holden
Kaminski, Daniel

Wachusett Regional High School
Discipline : Physics & Electronics
The Effect of the Size of Water Droplets on Fire Extinguishing Ability

Region: 2
Exhibit: F1

Holden
Wachusett Regional High School
Bourgeois , Emma
Discipline : Chemistry
Effects of the Ratio of Sodium Ethoxide on Biofuel Transesterification

Region: 2
Exhibit: G9

Holden
Mizerak, Elise

Wachusett Regional High School
Discipline : Environmental Science
The Effect of Microplastics on Zooxanthellae

Region: 2
Exhibit: N22

Holden
Bilsel, Eliana

Wachusett Regional High School
Discipline : Biology
Effect of Sleep Deprivation on Learning and Memory of D. Melanogaster

Region: 2
Exhibit: P17

Hopedale

Hopedale Junior Senior High School

Pannenborg, Sami

Discipline : Environmental Science

Region: 2
TEAM Exhibit:
H15

Determining the Effectiveness of Several Water Purification Methods
hopedale
Erickson, Irene

Hopedale Junior Senior High School
Discipline : Environmental Science

Region: 2
TEAM Exhibit:
H15

Determining the Effectiveness of Several Water Purification Methods
Hopkinton

Hopkinton High School

Miller, Alannah

Discipline : Chemistry

Region: 2
TEAM Exhibit:
P9

Let’s Yeet This Wheat: Removing Gluten From Fryer Oil
Hopkinton
Nene, Advait

Hopkinton High School
Discipline : Physics & Electronics
Patient Specific Delivery of Proton Beam Radiation
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Region: 2
Exhibit: A18

Hopkinton
Stolyar, Alisa

Hopkinton High School
Discipline : Chemistry
Let’s Yeet This Wheat: Removing Gluten From Fryer Oil

Hopkinton
Rajkumar, Mantra

Region: 2
TEAM Exhibit: P9

Hopkinton High School
Discipline : Engineering
Turtle Shell Biomimetic Material for Impact Resistance

Region: 2
Exhibit: K3

Hopkinton
Kaur, Simran

Hopkinton High School
Region: 2
Discipline : Biology
TEAM Exhibit: B28
The Effect of Herbal Products on a Drosophila Model of Epilepsy

Hopkinton
Gu, Kevin

Hopkinton High School
Region: 2
Discipline : Biology
TEAM Exhibit: B28
The Effect of Herbal Products on a Drosophila Model of Epilepsy

Hopkinton
Hopkinton High School
Minocha, Rohan
Discipline : Computers
Distributed Systems for Emergency Prevention, Detection & Management
Hopkinton
Bolla, Sreeja
Hopkinton
Gu, Brian
Hopkinton
Fardin, Fariha

Region: 2
Exhibit: A13

Hopkinton High School
Region: 2
Discipline : Biology
TEAM Exhibit: C1
NeoHb: A Noninvasive Optical Biosensor Diagnosing Neonatal Anemia
Hopkinton High School
Discipline : Engineering
Urban Wind Turbines
Hopkinton High School
Discipline : Biology
The Effect Of EGCG On Tumor Growth In Planaria

Region: 2
TEAM Exhibit: B9
Region: 2
Exhibit: H10

Hopkinton
Abraham, Neil

Hopkinton High School
Discipline : Engineering
Urban Wind Turbines

Region: 2
TEAM Exhibit: B9

Hopkinton
Mekala, Bharat

Hopkinton High School
Discipline : Engineering
Urban Wind Turbines

Region: 2
TEAM Exhibit: B9

Hopkinton
Hopkinton High School
Region: 2
Rajgor , Tanisha
Discipline : Computers
TEAM Exhibit: B13
Mitigation of Neurological Disorders Using ANN and Regressional Models
Hopkinton
Hopkinton High School
Region: 2
Nemalikanti, Archita
Discipline : Biology
TEAM Exhibit: C1
NeoHb: A Noninvasive Optical Biosensor Diagnosing Neonatal Anemia
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Hopkinton
Youssef, Michael
Hopkinton
Pogula, Sahithi

Hopkinton High School
Discipline : Engineering
Advanced Infrared Sensing for Victim Detection in S&R Applications

Region: 2
Exhibit: N3

Hopkinton High School
Region: 2
Discipline : Computers
TEAM Exhibit: B13
Mitigation of Neurological Disorders Using ANN and Regressional Models

Hyannis
Crofford, Margaret

St. John Paul ll High School
Discipline : Biology
Freezing Viability on Horseshoe Crab Embryos and Gametes

Region: 5
TEAM Exhibit: J2

Hyannis
Lawson, Chloe

St. John Paul ll High School
Discipline : Biology
Freezing Viability on Horseshoe Crab Embryos and Gametes

Region: 5
TEAM Exhibit: J2

Hyannis
St. John Paul ll High School
Burrell , Delaney
Discipline : Environmental Science
Tomato Plants Grown in Hydroponics Develop Tomatoes Faster Than Soil

Region: 5
Exhibit: H27

Lawrence
Ni, Kangqi

Region: 4
Exhibit: H14

Central Catholic H. S.
Discipline : Engineering
Bionic Hexapod Robot and Study of Improving Walking Efficiency

Lawrence
Abbott Lawrence Academy
Castaneda, Kimberly
Discipline : Earth & Space Science
Impact of Observation Direction on Measuring the Universe's Expansion

Region: 4
Exhibit: D17

Leominster
Casey, Connor

Region: 2
Exhibit: F23

Leominster High School
Discipline : Biochemistry
Modeling and Treating Cardiac Arrhythmias in Caenorhabditis elegans

Lexington
Lexington High School
Region: 4
Bodepudi, Asritha
Discipline : Computers
TEAM Exhibit: J4
AI Imaging and Machine Deep Learning to Detect Melanoma in Skin Growths
Lexington
Lexington High School
Region: 4
Anantha, Sidharth
Discipline : Engineering
Exhibit: C27
Building an Automated Data Collection System to Characterize the Performance of a Blown Lift Wing
Lexington
Le, Kristine
Lexington
Lawrence, Claire

Lexington High School
Region: 4
Discipline : Biology
TEAM Exhibit: G13
Effect of Different Scar Treatments on Myofibroblast Contraction
Lexington High School
Discipline : Biology
Rain Nets: A Solution to Water Inefficiency in Agriculture

Section 4 - Page 14 of 32

Region: 4
TEAM Exhibit: G10

Lexington

Lexington High School

Olofsson, Michelle

Discipline : Biology

Region: 4
TEAM Exhibit:
G10

Rain Nets: A Solution to Water Inefficiency in Agriculture
Lexington
Shen, Andrew
Lexington

Lexington High School
Discipline : Computers
Verifying Application Isolation for Cryptocurrency Hardware Wallets
Lexington High School

Munn, Sophie

Discipline : Biology

Region: 4
Exhibit: B16
Region: 4
TEAM Exhibit:
G13

Effect of Different Scar Treatments on Myofibroblast Contraction
Lexington
Man, Rachel

Lexington High School
Discipline : Computers
Medhelper 2.0

Region: 4
Exhibit: C16

Lexington
Li, Jennifer

Lexington High School
Discipline : Environmental Science
Effect of Meteorological Conditions on PM Size Distribution

Region: 4
Exhibit: B6

Lexington
Bhalla, Neel

Lexington High School
Discipline : Computers
Constructing Workflow-Centric Traces in Close to Real Time

Region: 4
Exhibit: G6

Lexington
Iyer, Malvika

Lexington High School
Discipline : Biology
Gravitropism in Plants and Implications for Growing Plants in Space

Region: 4
Exhibit: K1

Lexington
Meel, Vidushi

Lexington High School
Region: 4
Discipline : Computers
TEAM Exhibit: J4
AI Imaging and Machine Deep Learning to Detect Melanoma in Skin Growths

Lowell
Patel, Darsh

Lowell High School
Discipline : Biology
Lifespan of C.Elegans in Glucose, Sucrose, Aspartame, and Sucralose

Region: 4
Exhibit: N13

Lowell
Huang, Alice

Lowell High School
Discipline : Chemistry
Effects of Solutes on Swelling of Gel Beads

Region: 4
Exhibit: K10

Lowell
Hande, Adhishri

Lowell High School
Discipline : Engineering
Infant Incubators...But Made For All

Region: 4
Exhibit: J8

Lowell
Mitchell, Abigail

Lowell High School
Discipline : Behavioral Science
Perception of Emotions by Developmental Age Group

Region: 4
Exhibit: G3
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Malden
Sanzone, Samuel
Malden
Sadler, Gavin

Malden Catholic High School
Discipline : Environmental Science
Alternative Sea Barriers
Malden Catholic High School
Discipline : Computers
Lasers as a Data Transfer Medium

Malden
Rodriguez, Daniel
Malden
Cirame, Sarah

Malden Catholic High School
Discipline : Computers
Info Glasses
Malden Catholic High School
Discipline : Environmental Science
Effects of Mosquito Sprays on Ecosystems

Mansfield

Al Noor Academy

Elshaar, Yumnah

Discipline : Biochemistry

Region: 4
Exhibit: P5
Region: 4
Exhibit: C24
Region: 4
Exhibit: B11
Region: 4
Exhibit: B18
Region: 3
TEAM Exhibit:
G15

Yeast Metabolism with and without Aeration
Mansfield

Al Noor Academy

Chaudry, Naz

Discipline : Chemistry

Region: 3
TEAM Exhibit:
G11

Non-Meltable Ice Cream
Mansfield

Al Noor Academy

Hagyousif, Razan

Discipline : Chemistry

Region: 3
TEAM Exhibit:
G11

Non-Meltable Ice Cream
Mansfield
Nazir, Haya

Al Noor Academy
Discipline : Biochemistry

Region: 3
TEAM Exhibit:
G15

Yeast Metabolism with and without Aeration
Marblehead
Marblehead High School
Lederman, Jeffrey
Discipline : Engineering
Resonant Wireless Charging of Supercapacitor for Vehicle Energy Cache

Region: 4
Exhibit: B21

Marlborough
Raith, Jack

Assabet Valley Vocational High School
Discipline : Biology
Keeping Up with Your Skin: Testing Different Acne Prevention Methods

Region: 2
Exhibit: N16

Marlborough
Black, Tahnyia

Assabet Valley Vocational High School
Discipline : Environmental Science
Regenerative Effects of Homeopathic Therapy on Planaria

Region: 2
Exhibit: C28

Marlborough
Guinto, Arianna

Assabet Valley Vocational High School
Discipline : Biology
Cultivating Cacti: Optimizing Future Life for Cacti

Region: 2
Exhibit: G24
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Marlborough
Piratla, Srivishnu
Marlborough
Heller, Rose

Advanced Math and Science Academy
Discipline : Computers
AEOH

Region: 2
Exhibit: C14

Assabet Valley Vocational High School
Discipline : Biology
Homemade Fly Spray: Finding a Safer Alternative to Commercial Fly Spray

Region: 2
Exhibit: C18

Marlborough
Assabet Valley Vocational High School
Gomes, Mariana
Discipline : Biology
Sugar Rush:The Connection Between Sugar Consumption and Fertility Rate

Region: 2
Exhibit: A20

Marlborough

Advanced Math and Science Academy

Peerzade, Sayedazhar

Discipline : Engineering

Region: 2
TEAM Exhibit:
P8

Real Life Spiderman: Gecko Inspired Adhesive
Marlborough
Freitas-Soares, Lauren
Marlborough
Patnala, Aarush

Assabet Valley Vocational High School
Discipline : Engineering
Purify; Voltaic Powered Fan That Filters Water

Region: 2
Exhibit: B8

Advanced Math and Science Academy

Region: 2
TEAM Exhibit:
P8

Discipline : Engineering
Real Life Spiderman: Gecko Inspired Adhesive

Marlborough
Turgeon, Becca
Marlborough
Kurada, Sruthi

Assabet Valley Vocational High School
Discipline : Biology
Ph Preference: Will Fruit Fly Gender Change It?

Region: 2
Exhibit: K12

Advanced Math and Science Academy
Discipline : Computers
The Value of Absolute Risk: Lessons from Allergy, Flu-Vaccine trials

Region: 2
Exhibit: J14

Marlborough
Harpin, Rachelle
Maynard
Freeman, Elizabeth

Assabet Valley Vocational High School
Discipline : Environmental Science
Carbon Conundrum
Maynard High School
Discipline : Environmental Science

Region: 2
Exhibit: D26
Region: 2
TEAM Exhibit:
J3

Effects of Road Salt on Local Water Bodies and Plant Life
Maynard
Antonio, Matthew

Maynard High School
Discipline : Environmental Science

Region: 2
TEAM Exhibit:
D25

Effects Of Bug Spray On Vegetation
Maynard
Siddiqui, Talal

Maynard High School
Discipline : Environmental Science
Effects Of Bug Spray On Vegetation
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Region: 2
TEAM Exhibit:
D25

Maynard

Maynard High School

Charron, Grace

Discipline : Environmental Science

Region: 2
TEAM Exhibit:
J3

Effects of Road Salt on Local Water Bodies and Plant Life
Maynard

Maynard High School

Cloutier, Matthew

Discipline : Environmental Science

Region: 2
TEAM Exhibit:
D25

Effects Of Bug Spray On Vegetation
Medfield

Medfield Senior H. S.

Leger, Luca

Discipline : Chemistry

Region: 5
TEAM Exhibit:
G23

Reduction of CO Poisoning in PEM Fuel Cells via Au-Ru Nanoparticles
Medford
Farah, Albert

Medford High School
Discipline : Physics & Electronics
Enhancing Positron Propulsion Techniques with Multiple Beam Generation

Methuen

Methuen High School

Wojtowicz, Katelyn

Discipline : Chemistry

Region: 4
Exhibit: A8
Region: 4
TEAM Exhibit:
J1

Water Purification Using Photocatalyst
Methuen

Methuen High School

Bousios , Konstantina

Discipline : Chemistry

Region: 4
TEAM Exhibit:
J1

Water Purification Using Photocatalyst
Methuen

Methuen High School

Rooney , Isabella

Discipline : Chemistry

Region: 4
TEAM Exhibit:
J1

Water Purification Using Photocatalyst
Milton
Lim, Jae Yoon

Milton Academy
Discipline : Engineering
Optimal Correction of Plosives From Voice Audio Recordings

Region: 5
Exhibit: A11

Mount Hermon
Park, William

Northfield-Mt.Hermon School
Discipline : Environmental Science
Optimizing S. cerevisiae Population Networks for Ecological Resilience

Region: 1
Exhibit: H20

Mount Hermon
Wu, Yuemeng

Northfield-Mt.Hermon School
Discipline : Behavioral Science
Effect of Neurodegeneration on Drosophila Courtship Preferences

Region: 1
Exhibit: C20

Newton
Lesher, Elizabeth

Newton Country Day School
Discipline : Biology
What Factors Increase the Risk of Contracting the Common Cold?

Region: 5
Exhibit: N20

Newton Country Day Sch/Sacred Heart
Discipline : Biology
Testing the Effects of Sucrose on a Drosophila Model of Alzheimer's

Region: 5
Exhibit: G5

Newton
Aslett, Charlotte
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Newton
Addona, Emily

Newton Country Day School
Discipline : Computers
Automated Integrated Security System

Region: 5
Exhibit: D14

Newton
Paradkar, Rohit

Newton South High School
Discipline : Computers
Bioinformatical Analyses of the Wuhan Novel Coronavirus (2019-nCoV)

Region: 5
Exhibit: C9

Newton Centre
Hu, Nicholas

Newton South High School
Discipline : Physics & Electronics
Defect Lifetimes in Active Nematic Systems

Region: 5
Exhibit: J21

North Attleboro
Adak, Aayush

North Attleboro High School
Discipline : Biology
Adrenaline's Effect on Brain Function

Region: 3
Exhibit: N25

North Attleboro High School
Discipline : Earth & Space Science
Energy? In Space?

Region: 3
Exhibit: D12

North Attleboro
Pandit, Aprameya
North Attleboro

North Attleboro High School

Magas, Jackson

Discipline : Physics & Electronics

Region: 3
TEAM Exhibit:
A25

Flow Field 3D Waverider Optimization of a Variable Hypersonic Scramjet
North Attleboro

North Attleboro High School

Sunkari, Aakash

Discipline : Physics & Electronics

Region: 3
TEAM Exhibit:
A25

Flow Field 3D Waverider Optimization of a Variable Hypersonic Scramjet
North
Attleborough
Grieve, Victoria
North
Attleborough
Patel, Hirni

North Attleboro High School
Discipline : Physics & Electronics
A Sticky Situation
North Attleboro High School

Region: 3
Exhibit: A15
Region: 3

Discipline : Behavioral Science
The Effects of Color Stimuli on Brain Activity and Emotional State

Exhibit: C21

North Darthmouth
Reis, Sean

Bishop Stang High School
Discipline : Environmental Science
Improving Hydroelectric Power

Region: 3
Exhibit: K13

North Dartmouth

Bishop Stang High School

Silva, Katelyn

Discipline : Chemistry

Region: 3
TEAM Exhibit:
J22

The Effects of Light on a Chemical Reaction
North Dartmouth
Cambra, Ava

Bishop Stang High School
Discipline : Chemistry
The Effects of Light on a Chemical Reaction

Section 4 - Page 19 of 32

Region: 3
TEAM Exhibit:
J22

North Dartmouth

Bishop Stang High School

Cavanaugh, Matthew

Discipline : Environmental Science

Region: 3
TEAM Exhibit:
N5

Copper Leaching and Its Impact on the Ecosystem
North Dartmouth
Erickson , Holland

Bishop Stang High School
Discipline : Environmental Science
Different Types of Materials Against Wave Erosion

North Dartmouth

Bishop Stang High School

Miller, Samuel

Discipline : Environmental Science

Region: 3
Exhibit: J11
Region: 3
TEAM Exhibit:
N5

Copper Leaching and Its Impact on the Ecosystem
North Dartmouth

Bishop Stang High School

Pacheco, Ella

Discipline : Environmental Science

Region: 3
TEAM Exhibit:
F14

Earth Against Erosion
North Dartmouth

Bishop Stang High School

Shaw-Nelson, Tayden

Discipline : Environmental Science

Region: 3
TEAM Exhibit:
F14

Earth Against Erosion
North Dartmouth
Nagpal, Alisha

Bishop Stang High School
Discipline : Biology
Tiny Titans: Can Nanoparticles Neutralize E. Coli Bacteria?

Region: 3
Exhibit: C13

North Quincy
Dang, Dominique

North Quincy High School
Discipline : Environmental Science
Measuring the Efficiency of Deicers on the Environment

Region: 5
Exhibit: H16

Northborough
Yang, Andrew

Mass. Academy of Math & Science
Discipline : Environmental Science
Examining the Efficacy of C. vulgaris As An Antibiotic Remover

Northborough
Chaudhry, Parth
Northborough
Vishwanath, Sharada

Region: 2
Exhibit: F4

Algonquin Regional H.S.
Discipline : Earth & Space Science
Robot Propulsion in an Asteroid’s Microgravity Environment

Region: 2
Exhibit: K16

Algonquin Regional H.S.
Discipline : Computers
Modeling Microbial Interaction in the Intestine

Region: 2
Exhibit: J23

Oak Bluffs

Martha's Vineyard Regional H. S.

Munn, Linus

Discipline : Environmental Science

Region: 5
TEAM Exhibit:
P20

How Copper Leaches Into the Water
Oak Bluffs

Martha's Vineyard Regional H. S.

Hayden, Jack

Discipline : Environmental Science
How Copper Leaches Into the Water

Section 4 - Page 20 of 32

Region: 5
TEAM Exhibit:
P20

Oak Bluffs
D'Andrea, Henry

Martha's Vineyard Regional H. S.
Discipline : Earth & Space Science
Powering Sails in Space

Orange
Kearns, Cirdan

Ralph C. Mahar High School
Discipline : Biology
The Accuracy of Track-Based Dinosaur Speed Estimates

Plymouth
Godfrey, Alexandra

Plymouth South High School
Discipline : Environmental Science
Ending the Plastic “Epidemic”

Region: 5
Exhibit: D9
Region: 1
Exhibit: N10
Region: 5
Exhibit: N7

Quincy
Lee, Trista

North Quincy High School
Discipline : Engineering
Soft Robotic Designs on Weight Carrying Capacity

Region: 5
Exhibit: J5

Quincy
Chen, Brian

North Quincy High School
Discipline : Chemistry
Corrosive Effects on Magnetism

Region: 5
Exhibit: P1

Quincy
Berberi, Fiona

North Quincy High School
Discipline : Environmental Science
Scarification Methods that Speed Up Germination

Region: 5
Exhibit: B20

Quincy
Chen, Serena

North Quincy High School
Discipline : Chemistry
Separating Dyes Using Kinetic Sand

Region: 5
Exhibit: D2

Quincy
Nerine, Sophie

North Quincy High School
Discipline : Biology
How is the Amount of Polyphenols in Cocoa Powder Affected by Heat

Region: 5
Exhibit: C6

Quincy
OBrien, Dylan

Quincy High School
Discipline : Engineering

Region: 5
TEAM Exhibit:
D21

BlindReads
Quincy
Fritz , Olivia

Quincy High School
Discipline : Engineering

Region: 5
TEAM Exhibit:
D21

BlindReads
Quincy
Chen, Song Yu

North Quincy High School
Discipline : Physics & Electronics
Effect of Paddle Angle on Rotation Speed

Region: 5
Exhibit: C5

Quincy
Kuang, Emily

North Quincy High School
Discipline : Environmental Science
Conventional vs. Eco-Friendly Detergents

Region: 5
Exhibit: D18
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Quincy

Quincy High School

Betancourt, José

Discipline : Engineering

Region: 5
TEAM Exhibit:
D21

BlindReads
Quincy
Leung , Sabrina

North Quincy High School
Discipline : Chemistry
The Effects of Different Water Repellents on Cotton Fabric

Quincy
North Quincy High School
Flores Munoz, Pablo
Discipline : Environmental Science
The Role of Microorganisms and Earthworms on Leaf Litter Decomposition
Quincy
Vu, Kaitlyn
Rockland
Babineau, Thomson

Region: 5
Exhibit: G8
Region: 5
Exhibit: D4

North Quincy High School
Discipline : Environmental Science
The Effect of Water Contamination on Mussel Shells

Region: 5
Exhibit: F28

Calvary Chapel Academy
Discipline : Engineering
Face Recognition Door Lock System Using Raspberry Pi

Region: 5
Exhibit: C25

Saugus
Pioneer Charter School of Science II
Nasankar, Sharani
Discipline : Biology
Effects of Ultraviolet Radiation on Wild-Type RAD1 and Mutant rad1 Sac

Region: 4
Exhibit: K28

Saugus
Pioneer Charter School of Science II
Nasankar, Shakaani
Discipline : Biology
The Cardiac and Gastrointestinal Safety of Supplements on Parkinsons

Region: 4
Exhibit: H17

Saugus

Pioneer Charter School of Science II

Pinto, Pedro

Discipline : Computers

Region: 4
TEAM Exhibit:
D22

Eco-Analyst
Saugus

Pioneer Charter School of Science II

Mathew, Neva

Discipline : Engineering

Region: 4
TEAM Exhibit:
B24

Fingerprint Scanners with Alerts and Music for Dementia Patients
Saugus

Pioneer Charter School of Science II

Mowatt, Cheyenne

Discipline : Engineering

Region: 4
TEAM Exhibit:
B24

Fingerprint Scanners with Alerts and Music for Dementia Patients
Saugus
Choqri-Hamrani, Shihab

Pioneer Charter School of Science II
Discipline : Computers

Region: 4
TEAM Exhibit:
D22

Eco-Analyst
Saugus
Warden, Adam

Pioneer Charter School of Science II
Discipline : Computers
Eco-Analyst
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Region: 4
TEAM Exhibit:
D22

Sharon
Revoori, Anwita

Sharon High School
Discipline : Biology
What Is The Disinfectant You Are Using Really Doing For You?

Region: 5
Exhibit: C17

Sharon
Danila, Andrea

Sharon High School
Discipline : Computers
Diagnosing Congenital Dysmorphic Disorders Using Machine Learning

Region: 5
Exhibit: C3

Sharon
Dasari, Amelia

Sharon High School
Discipline : Behavioral Science
ASD Stimming/SiB Detection & Correlation to Environmental Antecedents

Region: 5
Exhibit: A9

Sheffield
Xin, Siyu

Berkshire School
Discipline : Computers
Multi-Classification Application of Chinese News Text

Shrewsbury
Titus, Ann

Region: 1
Exhibit: N24

Shrewsbury High School
Region: 2
Discipline : Biochemistry
TEAM Exhibit: H2
Increasing Permeability in Antibiotic Resistant Escherichia coli Cells

Shrewsbury
Mishra, Arnav

Shrewsbury High School
Discipline : Engineering
Helping the Deaf and Blind, One Step At a Time

Region: 2
Exhibit: C7

Shrewsbury
Shkurikhina, Alina

Shrewsbury High School
Discipline : Biochemistry
Creating a More Efficient Membrane for Microbial Fuel Cells

Region: 2
Exhibit: G19

Shrewsbury
Liu, Helen

Shrewsbury High School
Discipline : Engineering
Autonomous Pollination Using Machine Learning and Drones

Region: 2
TEAM Exhibit: B2

Shrewsbury
Nawab, Zubin

St. John's High School
Discipline : Chemistry
Modular Microlab for Chemical Synthesis

Shrewsbury

Shrewsbury High School

Alptekin, Omer

Discipline : Engineering

Region: 2
Exhibit: C10
Region: 2
TEAM Exhibit:
B27

Developing a Faster Shorthand to Save Time
Shrewsbury

Shrewsbury High School

Avadhuta, Ronit

Discipline : Engineering

Region: 2
TEAM Exhibit:
B27

Developing a Faster Shorthand to Save Time
Shrewsbury
Anisetti , Shravya

Shrewsbury High School
Discipline : Biology
The Effect of Novel Natural Antioxidants to Treat Alzheimer’s Disease
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Region: 2
Exhibit: N14

Shrewsbury
St. John's High School
Wadekar, Adway
Discipline : Behavioral Science
Understanding the Etiology of Substance Use Disorders in Adolescents

Region: 2
Exhibit: N21

Shrewsbury
Dosi, Aditi

Region: 2
Exhibit: J12

Shrewsbury High School
Discipline : Biology
Exploring the Effects of E-Cigarettes Using Drosophila Melanogaster

Shrewsbury

Shrewsbury High School

Lingamarla, Harika

Discipline : Biochemistry

Region: 2
TEAM Exhibit:
N18

Effectiveness of Metal Compounds on Killing E.Coli
Shrewsbury
Rudnick, Zoe

Shrewsbury High School
Discipline : Engineering
Small Robot Swarm Navigation on Lunar and Planetary Surfaces

Shrewsbury

Shrewsbury High School

Ramanujam, Ksheeraja

Discipline : Biochemistry

Region: 2
Exhibit: B25
Region: 2
TEAM Exhibit:
N18

Effectiveness of Metal Compounds on Killing E.Coli
Shrewsbury

Shrewsbury High School

Mukhopadhyay, Anushka

Discipline : Computers

Region: 2
TEAM Exhibit:
A27

Sorting Recyclables Using Convolutional Neural Networks in a 3D Setup
Shrewsbury

Shrewsbury High School

Ahmed, Safiyah

Discipline : Engineering

Region: 2
TEAM Exhibit:
B2

Autonomous Pollination Using Machine Learning and Drones
Shrewsbury

Shrewsbury High School

Roy, Nishita

Discipline : Biochemistry

Region: 2
TEAM Exhibit:
H2

Increasing Permeability in Antibiotic Resistant Escherichia coli Cells
Shrewsbury

Shrewsbury High School

Kumar, Akash

Discipline : Computers

Region: 2
TEAM Exhibit:
A27

Sorting Recyclables Using Convolutional Neural Networks in a 3D Setup
Somerville
Eatough, Samantha
Somerville
Hunter Black, Rio

Somerville High School
Discipline : Environmental Science
The Dirt on Fertilizer

Somerville High School
Discipline : Engineering
Comparing the Performance of Different Polymers as Menstrual Cups

South Boston
Lopes Teodorak, Samuel

Excel High School
Discipline : Computers
Air Gap Hack
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Region: 4
Exhibit: G7
Region: 4
Exhibit: F10
Region: 6
TEAM Exhibit:
K6

South Boston

Excel High School

Rodriguez, Isaac

Discipline : Physics & Electronics

Region: 6
TEAM Exhibit:
N28

Electric Generator
South Boston

Excel High School

Rodriguez, Simon

Discipline : Physics & Electronics

Region: 6
TEAM Exhibit:
N28

Electric Generator
South Boston

Excel High School

Fonseca Rojas, Camila

Discipline : Biology

Region: 6
TEAM Exhibit:
H6

Effect of Pollution on Plants
South Boston

Excel High School

Chajar, Amine

Discipline : Biology

Region: 6
TEAM Exhibit:
F25

Minimizing Bacteria in the Thawing and Cooking of Meat (Chicken)
South Boston

Excel High School

Nguyen, Tuan

Discipline : Biology

Region: 6
TEAM Exhibit:
F25

Minimizing Bacteria in the Thawing and Cooking of Meat (Chicken)
South Boston

Excel High School

Aponte, Jaydam

Discipline : Computers

Region: 6
TEAM Exhibit:
K6

Air Gap Hack
South Boston

Excel High School

Agastra, Ergina

Discipline : Biology

Region: 6
TEAM Exhibit:
H6

Effect of Pollution on Plants
South Easton

Southeastern Regional Vocational Technical High School

Sicard, Trista

Discipline : Engineering

South Easton

Southeastern Regional Vocational Technical High School

Region: 5
TEAM Exhibit:
P11

From Filthy to Filtered
Goncalves, Zenilda

Discipline : Engineering

Region: 5
TEAM Exhibit:
P11

From Filthy to Filtered
South Easton
Culp, Piper
South Easton
Reid, Jaden

Southeastern Regional Vocational Technical High School
Discipline : Biology
Comparing The Growth of Plants Using Different Growing Methods
Southeastern Regional Vocational Technical High School
Discipline : Engineering

Region: 5
Exhibit: P10
Region: 5
TEAM Exhibit:
A28

WalkSafe, For Peace Of Mind
South Easton
Spooner, Nicholas

Southeastern Regional Vocational Technical High School
Discipline : Engineering
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Region: 5
TEAM Exhibit:
A28

WalkSafe, For Peace Of Mind
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Southborough
Bauer, Alexandria

St. Mark's School
Discipline : Biology
The Impact of Black Sesame Pigment on Alzheimer's Disease

Region: 2
Exhibit: J25

Southborough
Hornbostel, Paula

St. Mark's School
Discipline : Behavioral Science
The Effect of Lavender Essential Oil on Zebrafish Stress Response

Region: 2
Exhibit: G18

St. Mark's School
Discipline : Engineering
Photo-Actuated Liquid Crystalline Elastomers

Region: 2
Exhibit: G17

Southborough
Griffin, Jack
Southborough
Leslie, Samantha
Stoneham
Nath, Anika

St. Mark's School
Discipline : Biology
The Effect of Resveratrol on the SOD1 Mutation in C. elegans

Region: 2
Exhibit: F6

Stoneham High School
Discipline : Computers
ML-Based Speech Recognition App for Individuals with Speech Disorders

Region: 4
Exhibit: D7

Stoughton

Stoughton High School

Rush, Juliana

Discipline : Biology

Region: 5
TEAM Exhibit:
H28

"Water" the Most Efficient Water Purifiers?
Stoughton

Stoughton High School

McSweeney, Emma

Discipline : Biology

Region: 5
TEAM Exhibit:
H28

"Water" the Most Efficient Water Purifiers?
Stoughton
Khond, Nikhil

Stoughton High School
Discipline : Environmental Science
The Biofixation of CO2 Using Coccolithophore Algae

Region: 5
Exhibit: C12

Taunton
Taunton High School
Schumacher, Samuel
Discipline : Computers
Comparing the Speeds of Programming Languages Using Linear Regression
Taunton
Blennau, Mia
Taunton
Li, Kamryn

Taunton High School
Discipline : Biology
The Effect of Antioxidants on Crown Gall Disease in Plants
Taunton High School
Discipline : Biology

Region: 3
Exhibit: A5
Region: 3
Exhibit: J16

Region: 3
TEAM Exhibit:
A7

The Effects of Lifestyle Choices on Blood Pressure and Lung Capacity
Taunton
Alicea, Aracely

Taunton High School
Discipline : Biology
The Effect of Induced Chronic Stress on Life Duration

Section 4 - Page 27 of 32

Region: 3
Exhibit: F8

Taunton
Abbas, MahNoor

Taunton High School
Discipline : Computers
Phishing Amidst Technologically Advanced Youth

Taunton

Taunton High School

Silvia, Paige

Discipline : Biology

Region: 3
Exhibit: F11
Region: 3
TEAM Exhibit:
A7

The Effects of Lifestyle Choices on Blood Pressure and Lung Capacity
Taunton
Weber, Olivia
Taunton
Pawlowski, Jack

Taunton High School
Discipline : Environmental Science
Using Daphnia to Determine the Effects of Polluted Water

Region: 3
Exhibit: D19

Taunton High School
Discipline : Biology
The Effects of Vegetable Glycerin and Tocopheryl Acetate on Yeast

Region: 3
Exhibit: K21

Taunton
Parrett, Kayla
Taunton
Joseph, Rachel
Upton
Ashmore, Rebecca

Taunton High School
Discipline : Biology
The Effect of Bacteriophage Dilutions on E. coli
Taunton High School
Discipline : Behavioral Science
Coping with Stress
Blackstone Valley Voc-Tech. H.S.
Discipline : Physics & Electronics
Control of a Pneumatic Actuator Using Pulse Width Modulation

Region: 3
Exhibit: J6
Region: 3
Exhibit: G4
Region: 2
Exhibit: B7

Wayland
Wayland High School
Zhong, Elizabeth
Discipline : Biochemistry
Characterization of Human Ecto-Nucleotidases for Autoimmune Diseases

Region: 5
Exhibit: F13

West Boylston
Lemay, Megan

West Boylston High School
Discipline : Biology
Survival of the Fin-nest

Region: 2
Exhibit: N11

West Boylston
O’Brien, Grace

West Boylston High School
Discipline : Biology
Is It Pure?

Region: 2
Exhibit: K24

West Tisbury
Brothers, Annabelle
Westborough
Gopal, Ayush

Martha's Vineyard Regional H. S.
Discipline : Biochemistry
The Affects of Ocean Acidity on Scallops
Westborough High School
Discipline : Physics & Electronics
Method to Detect Flow of Water
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Region: 5
Exhibit: F15
Region: 2
Exhibit: A14

Westborough
Westborough High School
Sadagopan, Ananthan
Discipline : Biochemistry
Potential Role of Brachyury in Response to T Cell-Based Immunotherapy
Westfield

Westfield Vocational H. S.

Smith, Alec

Discipline : Engineering

Region: 2
Exhibit: H13
Region: 1
TEAM Exhibit:
K7

Making Cell Phone Use Safe on Airplanes
Westfield

Westfield High School

Suhocki, Anthony

Discipline : Biology

Region: 1
TEAM Exhibit:
F16

What Percentage of Bacteria Do Different Cleaning Solutions Remove
Westfield

Westfield High School

Regnier, Elizabeth

Discipline : Biology

Region: 1
TEAM Exhibit:
B12

Comparing ImageJ to Invasive Tissue Extraction
Westfield
Westfield High School
Przechocki, Charles
Discipline : Physics & Electronics
Household Adhesives as an Alternative to Commercial-Grade Blue Loctite
Westfield

Westfield Vocational H. S.

Durkee, Dacota

Discipline : Engineering

Region: 1
Exhibit: J24
Region: 1
TEAM Exhibit:
K7

Making Cell Phone Use Safe on Airplanes
Westfield
Westfield High School
Kayzakian, Imma
Discipline : Biology
Use of Zno +TiO2 to Lessen the Effects of UV on Planarian Regeneration

Region: 1
Exhibit: F20

Westfield
Chumakova, Yana

Region: 1
Exhibit: B15

Westfield High School
Discipline : Physics & Electronics
Piezoelectricity

Westfield

Westfield High School

Mazeika, Emma

Discipline : Biology

Region: 1
TEAM Exhibit:
N19

Using Germicidal Radiation to Control the Growth Rate of E. Coli
Westfield
Adamtsev, Samantha

Westfield High School
Discipline : Engineering
The Accessible Tuba

Westfield
Coach, James

Westfield Vocational H. S.
Discipline : Engineering
Carbon Fiber Fairing

Westfield
Price, Kaitlin

Westfield High School
Discipline : Environmental Science
Natural Ant Repellent
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Region: 1
Exhibit: N4
Region: 1
Exhibit: G26
Region: 1
Exhibit: D5

Westfield

Westfield High School

Hannan, Reid

Discipline : Biology

Region: 1
TEAM Exhibit:
F16

What Percentage of Bacteria Do Different Cleaning Solutions Remove
Westfield
Ghalayini, Ziyad

Westfield High School
Discipline : Environmental Science
Can the NFL Decrease Plane Emissions?

Westfield
Kovalski, Erika

Westfield High School
Discipline : Biology
Calling All Bacteria... With a 3-D Printer

Westfield

Westfield High School

Narkiewicz, Ethan

Discipline : Computers

Region: 1
Exhibit: A6
Region: 1
Exhibit: D15
Region: 1
TEAM Exhibit:
B14

Using Python to Test the Strength of a Range of Passwords
Westfield
Rae, Mackenzie

Westfield High School
Discipline : Biology
The Effect of Vaping on the Exhalation Output of the Human Lungs

Westfield

Westfield High School

Loper, Max

Discipline : Computers

Region: 1
Exhibit: P18
Region: 1
TEAM Exhibit:
B14

Using Python to Test the Strength of a Range of Passwords
Westfield

Westfield High School

Gravel-Blaney, Zachariah

Discipline : Biology

Region: 1
TEAM Exhibit:
N19

Using Germicidal Radiation to Control the Growth Rate of E. Coli
Westfield
Sundararajan, Suvin
Westfield
Muldrew, Aaron
Westfield
Morrissey, Catherine

Westfield High School
Discipline : Chemistry
Functionalized Polylactide Filament for Additive Manufacturing

Region: 1
Exhibit: A26

Westfield High School
Discipline : Engineering
Maximizing the Space Efficiency of a Solar Grid

Region: 1
Exhibit: K2

Westfield High School
Discipline : Biology

Region: 1
TEAM Exhibit:
B12

Comparing ImageJ to Invasive Tissue Extraction
Westfield
Reid, Antoinette

Westfield High School
Discipline : Engineering
Plastic Particles

Region: 1
Exhibit: H4

Westhampton
Loud, Cobi

Hampshire Regional H. S.
Discipline : Engineering
Eddy Can

Region: 1
Exhibit: C26
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Weston
Cui, Ziyao

The Cambridge School of Weston
Discipline : Engineering
Optimal Power Flow in Power Networks with Intermittent Power Sources

Wilmington

Region: 5
Exhibit: H21

Boston Latin School

Region: 6
TEAM Exhibit:
Gu, Katherine
Discipline : Biology
G16
Knockout of AHNAK2 in Pancreatic Cancer using CRISPR/Cas9 Technology
Winthrop
Winthrop Sr. High School
Conceicao, Bryan
Discipline : Engineering
Using 3D Printing to Create a More Useful Football Onside Kicking Tee

Region: 4
Exhibit: A1

Worcester
Mass. Academy of Math & Science
Prabhakar, Garima
Discipline : Earth & Space Science
Assessing the Authenticity of Planets Discovered Around Sun-Like Stars

Region: 2
Exhibit: H8

Worcester
Mass. Academy of Math & Science
Thirumalai, Amrita
Discipline : Engineering
A Nonintrusive Aid for Communication with ASL Using Machine Learning

Region: 2
Exhibit: B10

Worcester
Savant, Gaurav

Region: 2
Exhibit: B22

Worcester Academy
Discipline : Physics & Electronics
A Device to Simplify Suturing for Laparoscopic Surgery

Worcester
Mass. Academy of Math & Science
Abdulhai, Rumaisa
Discipline : Engineering
Simulation of an Indoor Drone for Assisting Police in Mass Shootings

Region: 2
Exhibit: A23

Worcester
Balian, Isabella

Bancroft School
Discipline : Biology
A Natural Microbiome's Defense Against Pathogens

Region: 2
Exhibit: P3

Worcester
Babincsak, William

Mass. Academy of Math & Science
Discipline : Engineering
Monitoring Clay Target Breakage for Shotgun Sports

Region: 2
Exhibit: F17

Mass. Academy of Math & Science
Discipline : Biology
The Effect of Warming Up on Running Form in Beginner Runners

Region: 2
Exhibit: A3

Worcester
Ngo, Bao Han

Worcester
Bancroft School
Chaudhary, Aryan
Discipline : Biology
Secondary Effects of RNAi Treatment Targeting Huntington's Disease
Worcester
Dariotis, Maria

Mass. Academy of Math & Science
Discipline : Engineering
Active Detection of Sepsis
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Region: 2
Exhibit: D6
Region: 2
Exhibit: K23

Worcester
Tonna, Theodore
Worcester
Miller, Alec

Bancroft School
Discipline : Environmental Science
An Analysis of Behavioral Traits of Branta canadensis

Region: 2
Exhibit: B1

Mass. Academy of Math & Science
Discipline : Engineering
Sensor to Detect Particulates Produced by E-Cigarettes

Region: 2
Exhibit: D8

Worcester MA
Mass. Academy of Math & Science
Stochaj, Kimberly
Discipline : Environmental Science
Water Purification of Aquaculture Systems via Chitin-Based Hydrochar
Worcestor
Shapally, Himasri

Mass. Academy of Math & Science
Discipline : Biology
Investigating Alternative Methods of Chlamydia Detection

Wrentham
Bishop Feehan High School
Kurtzer, Anthony
Discipline : Engineering
The Angle and Shape of Wind Turbine Blades Affecting Voltage Readings.
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Engineering
A1
A10
A11
A12
A22
A23
A24
A28
B2
B8
B9
B10
B21
B23
B24
B25
B27
C7
C22
C25
C26
C27
D8
D11
D21
D23
F2
F10
F17
F19
G17
G26

Using 3D Printing to Create a More Useful Football Onside Kicking Tee
Can We Improve Vehicles to Detect Carbon Monoxide?
Optimal Correction of Plosives From Voice Audio Recordings
Prototype "Alarm" to Alert Car Owners to a Child Left in the Car
So Loud it Hertz
Simulation of an Indoor Drone for Assisting Police in Mass Shootings
The Angle and Shape of Wind Turbine Blades Affecting Voltage Readings.
WalkSafe, For Peace Of Mind
Autonomous Pollination Using Machine Learning and Drones
Purify; Voltaic Powered Fan That Filters Water
Urban Wind Turbines
A Nonintrusive Aid for Communication with ASL Using Machine Learning
Resonant Wireless Charging of Supercapacitor for Vehicle Energy Cache
Creation of Interactive AI Robot to Play Mathematical Game
Fingerprint Scanners with Alerts and Music for Dementia Patients
Small Robot Swarm Navigation on Lunar and Planetary Surfaces
Developing a Faster Shorthand to Save Time
Helping the Deaf and Blind, One Step At a Time
Garden-Aide
Face Recognition Door Lock System Using Raspberry Pi
Eddy Can
The Variable Split-Scemitar Winglet
Sensor to Detect Particulates Produced by E-Cigarettes
Smart Necklace
BlindReads
Detecting Isoprene Levels to Signal Hypoglycemia
Development of a Self-Sustaining Daphnia magna Culture
Comparing the Performance of Different Polymers as Menstrual Cups
Monitoring Clay Target Breakage for Shotgun Sports
Development of Upper Limb Prosthesis Using 3D Printing Technique
Photo-Actuated Liquid Crystalline Elastomers
Carbon Fiber Fairing
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G27
H4
H12
H14
H21
H23
J5
J8
J27
K2
K3
K7
K18
K23
K26
N3
N4
P8
P11

Development of a Bio-Photovoltaic Power System
Plastic Particles
Contracting Silk Fibroin Hydrogels for Wound Stress Relief
Bionic Hexapod Robot and Study of Improving Walking Efficiency
Optimal Power Flow in Power Networks with Intermittent Power Sources
3D-Printed Cell Phone Stand
Soft Robotic Designs on Weight Carrying Capacity
Infant Incubators...But Made For All
Electromagnetically Powered Car Prototype
Maximizing the Space Efficiency of a Solar Grid
Turtle Shell Biomimetic Material for Impact Resistance
Making Cell Phone Use Safe on Airplanes
Boats Buoyancy
Active Detection of Sepsis
Best Shape of a Wind Turbine Blade
Advanced Infrared Sensing for Victim Detection in S&R Applications
The Accessible Tuba
Real Life Spiderman: Gecko Inspired Adhesive
From Filthy to Filtered
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A1 Using 3D Printing to Create a More Useful Football Onside Kicking Tee
Engineering
Bryan Conceicao
Winthrop Sr. High School

Onside Kicks has become extremely unlikely to recover nowadays, however there may be a tool that increases
the odds of recovering an onside kick.The correlation of an onside kick landing in the ideal recovery location of 3540 yards with a new 3D printed onside kicking tee was investigated. An onside kicking tee was 3D printed, along
with the variable of a taller Tee, and a shorter Tee. I then brought thesetTee’s to the field and kicked onside kicks
with them, then compared my data to that of a regular kicking tee. I had concluded that the Onside kicking Tee, after
19 trials had an average of 37 yards, while a regular kicking tee had an average of 34, meaning that the onside
kicking tee had more of a chance to be recovered.

A10 Can We Improve Vehicles to Detect Carbon Monoxide?
Engineering
Pooja Subramanian, Dusu Sidibay
Canton High School

This project was created to improve carbon monoxide sensors in vehicles. The number of lives lost to carbon
monoxide poisoning due to car sensors not being assertive enough strongly suggested that CO sensors in the car had
to be improved. In order to construct an upgraded sensor, using an Arduino board, a sensor was programmed to
complete a series of tasks to warn vehicle occupants of the rising CO concentrations. The MQ-7 sensor was attached
to the Arduino with four wires: red, green, orange, and yellow, which allowed for the data received by the MQ-7
sensor to be coded through the Arduino. The lab consisted of multiple experiments to see if the Arduino was correct.
These experiments, including recording the levels of CO released after a fire and a baking soda and vinegar reaction.
After conducting these experiments and confirming that the sensor worked correctly, the next step was to code for
the tasks the Arduino would complete. Using the “if/then” statements, code was created to make the computer make
a sound if the sensor detects 2.5 ppm in the beaker. The computer will make a louder sound if the sensor detects 5.0
ppm in the beaker. Once the sensor detects 6.0 ppm in the beaker, an LED light connected to the Arduino would
flash a light. Once the CO concentration reached 6.5 ppm in the beaker, the intensity of the flashing lights and the
sound would increase.

A11 Optimal Correction of Plosives From Voice Audio Recordings
Engineering
Jae Yoon Lim
Milton Academy

Plosive sound in audio recording, especially in podcasts, can easily impair the listening experience of the
audience. Wind blown into a microphone during “p” and “t” pronunciation causes “pop” sounds, or plosives. Many
supplementary recording equipment like pop-filters and audio interface can be used to prevent those plosive audios.
However, it is often expensive and painstaking for those just starting to produce podcasts. To tackle this problem, an
algorithm that can automatically eliminate the plosive sound without hindering the audio’s message was created.
First, a sample plosive without pop-filters and pristine recordings with pop-filters were made for analysis of the pop.
The main goal was turning the plosive audio into pristine audio after going through the algorithm. The plosives
mainly originated from lower frequency area around 200 to 400 Hertz. The algorithm erased the lower frequency
range. The edited audio, compared to the pristine audio, sounded almost identical to the pristine audio, except for
minor higher frequency ticks.
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A12 Prototype "Alarm" to Alert Car Owners to a Child Left in the Car
Engineering
Saketh Mynampati
Billerica Memorial High School

Every so often, when summertime rolls around each year, there is sure to be a tragic story in the news about an
infant or beloved family pet dying due to getting trapped in an overheated car. Last year alone, 51 children were
senselessly lost to hot car deaths. 858 have died since 1998, for an average of 39 children per year. To end this
problem once and for all, I believe that an effective yet inexpensive device can be created to instantly alert a car
owner if a baby or pet is left in the car, and measures can be taken to ventilate the car to prevent overheating. By
using a Visible/IR camera to check if a pet or infant was left in the car, the device can then monitor temperature
readings and immediately send a signal to the owner to check the car. The last resort will be to prop open the door,
set off an alarm outside the car, and alert emergency personnel. This wide array of backup plans and camera-based
reliability is something that isn't yet provided in any other device, and this unique combination of functionality can
entice car manufacturers to make such a device a necessity for all cars. The equipment should be able to fit
seamlessly into a car and also avoid false alarms. Ultimately, the device will have the potential to be integrated into
the Original Equipment Manufacturers’ (OEM) cars directly.

A22 So Loud it Hertz
Engineering
Dabney Peters
Falmouth High School

After recent advances through the science of acoustic metamaterial devices, the possibility of sound attenuation
through near perfect destructive interference, while maintaining permeability to air and water, allowing for light
passage, and being very affordable is demonstrated through my project. A main challenge through the use of
metamaterial devices for sound attenuation has been trying to cause the highest percentage reduction of sound, while
having a high percentage of the device being air-permeable. Through the research and testing of my project, we have
shown the results of a 3D printed metamaterial device, which has two transverse layers with large degrees of contrast
in their acoustic properties, and exhibits unsymmetrical transmission which causes destructive interference of the
transmitted waves. The metamaterial device comprises nearly 60% open area for air passage, while resulting in a
high decrease of the transmitted acoustic energy of up to 94%. The device is practical for many applications in which
highly efficient, air-permeable sound silencers are required, such as smart sound barriers, fan or engine noise
reduction, among others.
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A23 Simulation of an Indoor Drone for Assisting Police in Mass Shootings
Engineering
Rumaisa Abdulhai
Mass. Academy of Math & Science

Mass school shootings have claimed hundreds of lives in the United States as there are no effective mechanisms
to prevent them. This project investigates the use of autonomous indoor aerial vehicles to assist law enforcement
during mass school shootings. The Robot Operating System (ROS), the Gazebo platform, and Python were used to
develop an autonomous indoor drone application that allows a drone to navigate from a start position to a destination
inside a school where the perpetrator and potential victims are likely to be found. First, a 2D probabilistic occupancy
grid-map of a US middle school’s indoor environment was achieved using a quadcopter, 2D Lidar, and grid-mapping
algorithm. Next, Adaptive Monte-Carlo Localization (AMCL) was used with Dijkstra’s global path planning and
Dynamic-Window Approach (DWA) local planning algorithms to enable the drone to navigate from the starting
position towards the goal position while avoiding obstacles. The mapping process took approximately 7 hours for a
middle school with the main office, media center, auditorium, cafeteria, courtyard, 4 hallways, and 12 classrooms.
The drone navigated autonomously from the courtyard to a classroom 43.37 m away in 171 seconds at an average
speed of 0.254 m/s. Finally, an onboard camera on the UAV successfully captured and transmitted video from the
scene in real-time to a web server. This application serves as proof of the concept that indoor drones could be used to
inform law enforcement of potential dangers during school shootings, enabling them to take appropriate actions to
save precious lives.

A24 The Angle and Shape of Wind Turbine Blades Affecting Voltage Readings.
Engineering
Anthony Kurtzer
Bishop Feehan High School

Many homes, businesses, and local areas rely on electricity for completing certain tasks. Wind turbines factor
into a huge part of this production of electricity. If there is not enough electricity produced, many buildings and areas
may not have enough of it required for certain necessities. Finding out the best combination of wind turbine blade
shape and angle will help society construct wind turbines effectively so that electricity production will be enough to
support multiple areas. Also, the placement and strength of these turbines will factor into their success. Throughout
this experiment, a mini wind turbine was used to test the angles and shapes of different blades, making sure that the
turbine and blades stayed secure and well-maintained. The unit of electricity was measured in volts. The hypothesis
was if the angles of the blades and the shapes of the blades change, with the wind turbine one and a half feet away
from the box fan, then there will be different voltage readings because the blade angle and blade shape will cause a
variation of voltage amounts. A box fan was used to rotate the blades, which produced voltage from the generator of
the turbine. Also, a protractor and screwdriver were used to change the different blades and angles. It was expected
that the blade and angle that would produce the most voltage would be the triangular blades at 15o. The result of this
experiment was that the oval blades at 15o were the most successful, generating an average of 0.05 volts.
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A28 WalkSafe, For Peace Of Mind

Engineering
Nicholas Spooner, Jaden Reid
Southeastern Regional Vocational Technical High School
A project created from the ground-up with safety in mind; A projected designed to eliminate hazardous walkerrelated falls that go unnoticed; A project with enormous scalability and practicality; A Smart Walker system crafted
to keep a caretaker or a loved one connected through the cloud, through their walker. Utilizes various sensors, in
tandem with an ever-improving custom fall-detection algorithm, to detect if the user of the walker falls down, and
immediately report this to the paired smartphone. Caretakers can enjoy the luxury of knowing when the walker is in
use, or when an emergency has occurred via the custom designed smartphone app that pairs seamlessly with the
walker. Elders can walk confidently, with Peace of Mind in every stride.

B2 Autonomous Pollination Using Machine Learning and Drones
Engineering
Safiyah Ahmed, Helen Liu
Shrewsbury High School

Honeybees and bumblebees around the world help to pollinate a variety of plants, including many food sources,
and without these insects, growing crops would become extremely difficult, inefficient, and time-consuming.
However, in one year alone, the bee population has decreased by over 40%. This engineering project aims to modify
and program a drone in order to mimic the behavior of a bee, with the goal of creating algorithms and attachments to
a simple drone for it to autonomously recognize certain flowers and pollinate them. Four types of flowers were
chosen based on research of what bees are known to pollinate and are essential to. Many images were taken of these
flowers, then annotated to be used by a DarkFlow, a combination of Darknet and TensorFlow, object detection
model. Using mainly the Python language and OpenCV library, the Tello DJI Drone communicates every camera
frame back through the model to detect flowers. With the most confident identification prediction, the result is drawn
on each frame with a center target circle and remains the only result as the drone autonomously positions itself to
align against the flower, moves forward, and makes contact with a simple horsehair attachment to pollinate each
plant and move on to the next. The machine learning model, Python program, and physical additions implemented
with the drone make it possible to pollinate crops independently when essential insects can no longer keep up with
the future.

B8 Purify; Voltaic Powered Fan That Filters Water
Engineering
Lauren Freitas-Soares
Assabet Valley Vocational High School

Clean water and cooling should not be considered a luxury but an everyday necessity. Pur-i-fan is a water and
solar powered fan that filters water. Previous work has failed to put both problems into one solution. By combining
multiple envormataly safe power sources Pur-i-fan is able to power a fan and also filters water. A battery was made
that runs on water and lemon juice, the battery was very unstable so a solar panel was added to gain more power and
stabilize the power. With this research a better tomorrow can be built with more eco friendly solutions to big energy
wasting problems.
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B9 Urban Wind Turbines

Engineering
Brian Gu, Bharat Mekala, Neil Abraham
Hopkinton High School
Renewable energy is said to be the solution to climate change. While the industry itself is making massive leaps
towards this goal, the area of wind energy is significantly lagging behind. The design of the standard wind turbine
has not seen many improvements in the past 5-6 years. Urban areas all over the world experience turbulent and
chaotic wind patterns. These high winds are not harnessed and conventional wind turbines cannot grasp all the
kinetic energy. Our goal was to create a turbine that would accomplish this. Our first step was researching aspects of
a turbine that would procure power while being able to receive wind from many angles in the city. Another aspect
we incorporated was durability for the city. From there we created many designs while incorporating successful
aspects of past ones. We then put the designs into CAD to 3-D print for testing. We tested each design by attaching it
to a rig that connected to a motor. Using a hairdryer, the air was blown straight and at 30, 45, 60 degrees towards the
turbine. We also did a drop and high wind speed test for durability. Collecting the data we made improvements to
make the final design. The final design produced above 5mW for every direction and passed the durability tests
successfully. All of the other designs passed our durability test but were able to meet any other criteria. Our final
design was able to meet our performance criteria so we succeeded in what we had set out to do.

B10 A Nonintrusive Aid for Communication with ASL Using Machine Learning
Engineering
Amrita Thirumalai
Mass. Academy of Math & Science

Individuals with hearing loss have difficulty communicating effectively through sign language when the
majority of the world’s population communicates verbally. Still, over 70 million people, approximately 1 out of
every 100 people, use sign language as their primary method of communication. To bridge this communication gap,
many devices, such as sign language gloves and video recognition, have been created to translate sign language to
aid the deaf community; however, due to cost and lack of vocabulary, these devices have not been widely accepted
as they force signers to compromise their style of signing. To solve this problem, a lower cost assistive technology
has been engineered to allow the deaf to sign at their comfortable rate. A Leap Motion device, which infers the
coordinates of the joints, palm, and fingertips, is connected to a laptop. Training data was created by calculating the
distances and angles between the fingers for different positions above the Leap Motion. The data was trained in
classification models, which then translated hand gestures in real-time. Currently, the device has all the static
numbers 0 – 9 and A – Z trained with an accuracy of over 84% for those gestures, allowing users to reliably
communicate. The different models were also compared to see which classification algorithm was the best.
Currently, the dynamic gestures model can reliably differentiate between I, J and D, Z – which have otherwise
identical static gestures! With this product, signers will be able to better communicate with non-signers, while being
able to keep their style of signing.
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B21 Resonant Wireless Charging of Supercapacitor for Vehicle Energy Cache
Engineering
Jeffrey Lederman
Marblehead High School

The goal of this project was to build a supercapacitor powered device using the principle of resonant inductive
coupling, thereby demonstrating the ability of this wireless power transfer system to send power efficiently at a
distance. This is a potential solution to many of the drawbacks of current electric vehicles, such as long charging
times and toxic batteries, the ultimate goal being to decrease humanity’s reliance on harmful, hydrocarbon vehicles.
Energy for this project is generated from a computer DC power supply, along the +12v, -12v, and ground rails. Two
Op-Amps work together to first generate, then amplify a signal at the resonant frequency of the RLC circuit. It then
passes through a primary RLC circuit, which couples with a second inductor and capacitor with the same resonant
frequency. From there, the new signal passes through a rectifier, then through a load requiring DC power, in this
case, a supercapacitor that could be used to power a small scale representation of a car or other vehicle.
This project demonstrates that the transfer efficiency at resonance far exceeds that at non-resonant frequencies, by
over an order of magnitude. At 5.08 cm and 2.4 ohms, the power in the secondary coil is about 15 watts with
resonance. Full-sized vehicles require significantly more energy but could be efficiently charged using the same
principles.
This project provides a potential solution to the problems caused by vehicle carbon emissions. Decreasing the time it
takes to charge electric vehicles increases the economic viability and therefore the market share of these cars. In
addition, this principle is not limited to electric vehicles; electric bikes and scooters could also be powered by this
technique.

B23 Creation of Interactive AI Robot to Play Mathematical Game
Engineering
Yassine Souabny, Ian Bhatt, Albert Lin
Boston Latin School

Small children's brains are beginning to first develop strategic skills by the age of one. It is important for
children to be able to apply simple math to their activities in order to develop mathematical thinking. One way to
develop strategy and mathematical thinking is through playing games. According to Marzano (2010), using
academic games in the classroom is associated with a 20 percentile point gain in student achievement.
We designed, built and programmed a robot that can play against a human in the chopsticks finger game (how to
play). There are three parts of our project: the research, the construction of the physical robot and “sensory” inputs,
and writing the program that tells the robot how to play the game. The robot has two arms that are able to move left
and right and two hands that are each able to extend four fingers. The fingers are lifted and the arms are rotated by
servo motors mounted in the arms. The servo motors are controlled by an arduino nano, which is controlled by a
raspberry pi. The “sensory” inputs of the robot are two gloves with an embedded flex sensor for each finger, and foil
for capacitive touch sensing. The values of the gloves and foil are read by an arduino nano, which sends the data to
the raspberry pi. With all of these inputs for the algorithm, it is able to play against the human strategically.
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B24 Fingerprint Scanners with Alerts and Music for Dementia Patients
Engineering
Neva Mathew, Cheyenne Mowatt
Pioneer Charter School of Science II

Alzhimers is a genetically inherited progressive disease which damages the connections between neurons and
eventually causing deterioration throughout the brain causing memory loss and the loss of other cognitive function.
Currently there is no cure for alzheimer's only treatment for its symptoms. Patients diagnosed with Alzhimers and
other forms of Dementia are at high risk of wandering because of disorientation. Ten percent of people of sixty-five
years or older have Alzheimer's Dementia and sixty percent of the people diagnosed will wander according to the
Alzheimer's Association. The goal of this engineering project is to create a fingerprint scanner which can be attached
to a door knob and used to detect when a patient is trying to leave the house or room and will promptly send mobile
alerts to the caretaker. This device is meant to be used for the night time to prevent dementia patients from
wandering during the night and getting hurt. Other existing devices for patients safety to prevent getting hurt by
wandering either doesn’t have mobile notifications, is very expensive over fifty dollars, or is not individual and
detects all movement in an area.

B25 Small Robot Swarm Navigation on Lunar and Planetary Surfaces
Engineering
Zoe Rudnick
Shrewsbury High School

There has been a recent, worldwide interest in the exploration of the moon, Mars, and beyond. Missions on the
moon or Mars have typically used a single large robot with the capability of performing many experiments and
navigating the terrain on its own. However, by using small robot swarms that specialize in navigating and
performing a few specific experiments or tasks, space exploration can progress faster. This system requires swarms
of robots that can autonomously navigate around rocky terrain in between waypoints set by human operators. The
hybrid algorithm, an algorithm that uses the most efficient parts of a greedy maze routing algorithm algorithm, a
greedy line probe algorithm, and simulated annealing, was developed to be used in small robot swarms. In a
simulation, single robots were tested against swarms of robots to compare the number of steps taken between a start
and end point around varying numbers of obstacles. Robot swarms were used ranging in size from 2 robots to 32
robots. From the results of the simulations, it was determined that the hybrid algorithm navigates around terrain
significantly more efficiently when used in a robot swarm than when used in a single robot. In the future, the
algorithm will be developed for use in real life and implemented on several prototype robots controlled by Raspberry
Pi processors.
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B27 Developing a Faster Shorthand to Save Time
Engineering
Ronit Avadhuta, Omer Alptekin
Shrewsbury High School

In a society where there is a demand for blazing efficiency, Gregg Shorthand (the world’s current leading option
for the fastest writing convention) is currently not enough to satisfy the need of today’s world. The world needs a
simpler, more efficient solution. Thus, the hypothesis is that it should be possible to create a new shorthand that
utilizes less strokes and shorter strokes than Gregg Shorthand, the current leader to minimize writing time.
The experiment thus consisted of 3 experimental groups, E1 through E3, and 1 control, Gregg Shorthand. The
experimental groups were created one by one by consolidating similar phonetic sounds in English and choosing
different ways to represent them orthographically. These were then compared using their average RGB values and
number of strokes via a software program called ImageJ. By dividing the RGB average by the number of strokes, it
was possible to tell which group performed better and which elements worked or did not work using a “Speed
Score”. Eventually after some experimentation, E3’s speed score of 1.528 beat Gregg’s 1.342.
By being able to represent the same phonetic sounds with fewer characters, the hypothesis was supported. Indeed, it
was possible to create a new shorthand utilizing less strokes and pixels, E3. From here, it is possible to look towards
digital storage of this information as well. By representing the same characters on paper with digital values, it may
be possible to store data more efficiently thus saving more space and processing time. Furthermore, with faster
processing speeds, it could help with a large variety of tasks that include everything from self-driving cars to
processing online purchases faster.

C7 Helping the Deaf and Blind, One Step At a Time
Engineering
Arnav Mishra
Shrewsbury High School

Bats are known to be unique creatures that use their echolocation to navigate through the dark. Through
evolution, their eyes became their ears. People who are blind have to do the same thing. Without sight, they must
rely on their other senses to navigate and do simple things that people who are not blind do. Walking without
bumping into objects is tremendously difficult to the blind in the everyday world full of obstacles in every direction.
This project will help blind people walk with ease knowing that they know where they are. This experiment will use
four ultrasonic sensors and an infrared sensor. The sensors would then be tested on aluminum, wood, glass, and cloth
objects at different distances to see how accurate the sensors would be in detecting the objects. The results showed
that distance had an effect on the sensors’ detection ability so that the further away the sensor was, the less accurate
the sensor would be. For the infrared sensor, it was not able to detect the glass object as it was always giving the
distance of 30 cm even if the object was 300 cm away. The infrared sensor detected all others objects. The only
material that the ultrasonic sensor did not detect close to the actual distance was cloth giving distances in the low
1,000s. The sensors then were used together so that the ultrasonic and infrared sensor relayed their information to get
an accurate distance no matter the material. The distances were then conveyed to the user through the vibrations on
the vibration module. The results make sense though as for the glass, infrared light goes through it and the cloth
absorbed the sound emitted from the ultrasonic sensor.
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C22 Garden-Aide

Engineering
Kimberly Thimothee, Aliyah Capo, Fahitza Quessa
Pioneer Charter School of Science
Users using this app would be exposed to information on various edible plants to help them begin or continue a
holistic lifestyle. While doing so this app would allow users to impact their environment, exercise whilst improving
their mental health. Using MIT APP INVENTOR, a block code format, the user when various buttons are clicked
will be able to hear a computer automated voice read out all text present on the app, and or other buttons will
transport to users to other pages such as a search page, and a selected plant’s own profile. Users are also given
features like Calling, sharing, the ability to save their plants and Etc.

C25 Face Recognition Door Lock System Using Raspberry Pi
Engineering
Thomson Babineau
Calvary Chapel Academy

The problem that was solved was to create a door lock system that uses facial recognition and to lock and
unlock a model door using facial recognition. A facial recognition door lock system was built using a Raspberry Pi 3
b+. Once the door lock system was built, it was tested and it performed as expected. The tests that were taken place,
also came out as expected, and the system worked to its fullest. The system did meet the criteria of building a door
lock system that needed to be successful and use facial recognition. The criteria was determined to help the success
of the system, and the system did follow the criteria which helped it be successful.

C26 Eddy Can

Engineering
Cobi Loud
Hampshire Regional H. S.
Aluminum cans are thrown away and wasted every day without anyone thinking about it. Whether it be due to a
lack of time to manually sort, lack of a means to recycle, or just laziness, valuable material is constantly being
wasted. This project has been designed to solve this problem by taking out the need to sort, or at least make the final
destination of aluminum that is thrown away not alway a landfill. My goal for this project was to design and build a
trash can that uses eddy currents to separate aluminum from trash in the can so it can then be recycled. Once I had
built my machine, I tested it by putting aluminum cans on the ramp of the machine, turned the machine on, and let
go of the can to see if it landed in the correct bin. I also did this with a plastic bottle as a control, and made sure both
of them landed in the trash bin with the machine off. Unfortunately, my machine is not able to generate enough force
to affect the aluminum cans in a meaningful way, and it did not work at all. While my attempt at making this
machine may have been a failure, it is very possible this is still a viable option, as I was working with sub par
resources, and although my machine isn’t strong enough to make a meaningful impact on the aluminum’s trajectory,
it can still move the aluminum slightly, and thus may be possible.
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C27 The Variable Split-Scemitar Winglet
Engineering
Sidharth Anantha
Lexington High School

There has been a recent demand for urban-oriented aircraft. While VTOL, aircraft that takeoff and land
vertically, are the most practical option, their takeoff is very energy inef- ficient. If an urban aircraft were designed
to takeoff horizontally - a more energy efficient option - and do so within 100 feet, urban air mobility would be more
efficient. This research was focused on designing this ‘Super Short Takeoff and Landing’ vehicle, or SSTOL. The
aircraft uses a blown-lift wing, which aims to maximize lift and minimize drag during takeoff. The goal of this
research was to create an automated data collection system to collect wind tunnel data and examine the viability of
the blown-lift wing in the SSTOL model. From the wind-tunnel testing, it was found that the blown lift wing had a
positive effect on the lift coefficient, when compared to a non blown-lift wing. This also showed that the blown-lift
wing is viable on the SSTOL model, as it can produce a lift coefficient needed for ‘super’ short takeoffs. This
research was able to show that this aircraft may be an efficient solution to the urban-air industry. As a result, this
research helps to make the urban air travel market more efficient and affordable, and make intra-city air-taxis
accessible to all.

D8 Sensor to Detect Particulates Produced by E-Cigarettes
Engineering
Alec Miller
Mass. Academy of Math & Science

As of 2018, over 42% of high-school seniors in the United States had used an e-cigarette. E-cigarette usage by
students has become a major health epidemic, especially with 15% of E-Cigarette/Vaping Associated Lung Injury
(EVALI) cases being under 18 years old. Schools are typically unable to identify and reduce e-cigarette usage
because current detectors on the market are limited and extremely expensive. This project aims to create a better tool
to detect e-cigarette usage by students. To achieve this, the project takes advantage of the principle of light scattering
and light-sensitive resistors to create a low-cost sensor to detect particulates in the air. When the sensor was tested
with representative materials, such as smoke, to test scattering, the sensor clearly detected the materials. While a
strong proof of concept, these materials were solid, or at extremely high concentrations, and not indicative of a realworld application. For real-world testing, a Wheatstone bridge was implemented into the circuit, and an experimental
apparatus utilizing a syringe and a 3-way valve was used with a Juul, a common brand of e-cigarette used by
students. The sensor detected the aerosol to a moderate degree of sensitivity, detecting the aerosol at a concentration
of 2.2 parts aerosol per 1000 parts clean air. This project was successful because it showed that a simple, costeffective tool such as a laser could be used to create a sensor that detects the aerosol produced by e-cigarettes, which
could enable schools to address the problem of e-cigarette usage among their students.

D11 Smart Necklace

Engineering
Yolanda Oliveira
Mary Lyon Pilot High School
The smart necklace is a non intrusive device which measures any movement in our neck, such as drinking,
eating or talking. This device can make a contribution to an aging society where a huge portion of elderly have to
live alone. In the future, it can be connected with a smartphone, and send out information in real time to help
caretakers know if the person is drinking enough or either eating to much.
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D21 BlindReads

Engineering
José Betancourt, Dylan OBrien, Olivia Fritz
Quincy High School
According to the Massachusetts Commission for the Blind, “some of the biggest problems the visually impaired
face is [sic] wayfinding and knowing what's going on around them” because current solutions are either exorbitantly
expensive and inefficient or non-existent. The issue is becoming more pressing, as there are “3.4 million visually
impaired persons in America” as of 2015 and the “number of people with visual impairment are increasing by 25%
each decade.” Therefore, the main objective of the project was to create a device capable of improving navigation
among individuals with severe vision problems. A clear outline of the future of the project has been created which
describes how a pair of glasses will be created to work in conjunction with artificial intelligence (A.I.) and optical
character recognition (O.C.R.) software. This project will provide an inexpensive and automated alternative to
current solutions which involve people describing environments through a live feed.

D23 Detecting Isoprene Levels to Signal Hypoglycemia
Engineering
Lily Evans
Bourne High School

This project is the result of research on coding and microprocessing. The product is a breathalyzer that can
detect a rise or drop in blood sugar. An
arduino microprocessor is connected to an LCD display screen and two sensors (gas and humidity). When a person
blows onto the project, the DHT11 detects the humidity in the breath, while the TGS 822 detects the gas in the
person's breath. The information is then sent to the LCD, which shows the result. There was a lot of troubleshooting,
adding multiple new libraries into the code and moving wires around on the breadboard. After the code was up and
running, it was necessary to configure the wires in the correct way. This project only needs a 9V battery to run, and a
case to contain the elements. This could have a very significant impact on all types of diabetics.

F2 Development of a Self-Sustaining Daphnia magna Culture
Engineering
Jerome Packard, Jaimon Scott
Bourne High School

The goal of this Engineering Project is to create a self sustaining Daphnia magna culture that could be used to
feed the fish at the Bourne High School aquaponics lab and to be available for biology labs. We increases the
Daphnia population to a sufficient amount by providing proper nutrients, oxygenated water, and other necessary
living requirements in our smaller tanks, then transfered those principles into a self sustaining water tank in the
aquaponics lab. Several prototypes were created and tested with varying success. We learned the importance of
upkeep from always measuring the water levels (pH, GH,KH,NO2,NO3, and NH3) making sure they were in the
most optimal range, checking our notebooks the last time we fed or cleaned their tanks.
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F10 Comparing the Performance of Different Polymers as Menstrual Cups
Engineering
Rio Hunter Black
Somerville High School

I compared the efficacy of different polymers for use as material for menstrual cups. I predicted that of three
different polymers, Silicone 950, Natural Rubber Latex, and a thermoplastic elastomer blend, Silicone 950 would
prove to be the best material for menstrual cup creation. It is the industry standard, is biocompatible, and has a high
melting point and high flexibility. I designed a two-part mold based on the shape and structure of the DivaCup, a
leading name-brand product in the sanitary product field. The mold was made of pottery plaster, and reinforced with
clay to prevent leakage. Each polymer, Silicone 950, Natural Rubber Latex, and thermoplastic elastomers (Dynaflex
G6713), was prepared in liquid form and poured into the two part mold and left to cast overnight, for approximately
twelve hours. The cups were then removed and left to sit in a bath of warm water and soap for twenty minutes. Once
clean, the cups were dried and tests were performed. The control, the DivaCup, was tested for holding capacity,
durability and exhaustion, and heat resistance up to 100 degrees Celsius. These results were then compared to the
same tests performed on the three polymers. I concluded that Silicone 950 produces the most efficient menstrual cup,
as it was the only prototype to maintain its shape and structure after being boiled and folded 100 times, and had the
highest holding capacity of water in grams. The latex produced a deformed cup, and the thermoplastic elastomers
produced a sufficiently shaped cup that could not withstand boiling at 100 degrees Celsius.

F17 Monitoring Clay Target Breakage for Shotgun Sports
Engineering
William Babincsak
Mass. Academy of Math & Science

Clay target shooting is a growing international shotgun sport. In all clay target disciplines, targets are launched
from automated throwing machines known as traps. These targets are designed to be easily breakable but can lead to
targets being sent out of the trap machine already broken into pieces. Breakage of clay targets in skeet shooting leads
to wasted money by clubs and shooters and creates logistical problems for staff during competitions. The goal of this
project was to engineer a device and algorithm to monitor clay target breakage that is accurate, safe, and
inexpensive. To achieve this goal, a prototype utilizing laser sensors was developed and used to test multiple
different classification algorithms. Data was collected by laying the prototype horizontally and dropping targets
through the laser sensors to determine accuracy. One monitoring algorithm was able to classify clay targets with an
accuracy of 98% and another with an accuracy of 99%. A device to accurately monitor the number of broken targets
out of trap machines would allow for gun clubs to easily identify and fix faulty machines, as well as keep track of
targets thrown during large competitions.
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F19 Development of Upper Limb Prosthesis Using 3D Printing Technique
Engineering
Do Hoon Kim
Northfield-Mt.Hermon School

The 3D printing technology has emerged as one of the major sectors in the 4th industrial revolution. 3D printing
is recognized as a breakthrough technology in developing patient-specific medical devices including orthopedic
applications, as it provides a facile method to fabricate complicated structures with different patient anatomies. It is,
however, contemporarily uncertain that how this 3D printing technique is optimally applied to develop orthopedic
implants or replacements with desired properties. In this work, we focused on developing upper limb bone structures
for 3D printing using computational analysis. In particular, the mechanical behaviors of human humerus bone were
studied towards advanced 3D printed implants. The finite-element modeling (FEM) technique was employed to
examine the relationship between various upper limb movement types, loading force components, humerus bone
shapes, and the resultant stress concentrations/distributions in the bone. It was found that high stress accumulations
in the humerus bone occur in the curved side areas of the bone including both the medial and lateral faces. In
addition, it was predicted that the high stress concentrations in such vulnerable area are linearly proportional to the
applied translational force on the cap region of the bone with minimal influences of the loading directions. Using the
stress concentration analysis, the maximum defect size of the bone was theoretically calculated for various cases.
Finally, the analysis obtained from the FEM computations were applied to fabricate the 3D printed humerus bone
structures that are intentionally tuned with optimal functionality.

G17 Photo-Actuated Liquid Crystalline Elastomers
Engineering
Jack Griffin
St. Mark's School

Of the current forms of renewable energy, solar energy holds the most promise for overtaking carbon-based
methods. Although cost competitive, most commercial solar panels turn sunlight into energy with an efficiency of
20% or less. Efficiency rates have been improved with mechanical systems that track and adjust to the sun’s path
through the sky, but these require expending energy and maintaining the machinery. When used as the supporting
beams for solar panels, photo-actuated liquid crystalline elastomers can accomplish this same task without using
electricity. The polymers on the side closest to the sun contract, tilting the solar panel towards the sun and increasing
the number of light rays which strike the photovoltaic cell. Improvements in the functionality of these polymers will
lead to an increase in solar energy harvesting. The points of optimization explored by this project will be in the
material’s composition, synthesis process, and final shape/structure. By proceeding through multiple iterations of the
engineering and design cycle, this project improved the synthesis of photo-actuated liquid crystalline elastomers,
however, there is still much to explore.
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G26 Carbon Fiber Fairing
Engineering
James Coach
Westfield Vocational H. S.

Carbon fibers have been found to be more durable and cost effective for aircraft while repairing the parts used.
During this experiment, a Piper PA-28-140 fairing was redesigned utilizing carbon fiber and epoxy. Upon
completion of the part, the fairing was found to be more durable because it did not splinter when torsion was applied.
If torsion was applied to the original fiberglass part, it would have splintered. It cost approximately $100 to recreate
the part while the original part costs $230. This part can be used for 22 different models of Piper aircraft, which
could save the owners and pilots a great amount of money in maintenance and repair costs due to this part breaking
very commonly. Overall, this project was successful in accomplishing its measurable goals.

G27 Development of a Bio-Photovoltaic Power System
Engineering
Emily Pike
Bourne High School

With the energy crises all over our planet and the dangerous amounts of greenhouse gasses and CFCs in the
atmosphere, we are in desperate need of new energy sources before we run out of sources and completely destroy
our ozone layer in the process. The future of our energy consumption lies in the decisions we make for our planet
now. By using PMFCs as our newest source of energy, we can generate voltage while simultaneously producing
oxygen and clearing our air. Through photosynthesis many electrons are emitted in the form of free electrons
through the hydrogen ions released from the process of electrolysis and hydrolysis as well as electron transport
chains. By harnessing these electrons and transforming them into applicable energy, we can make not only an
environmentally friendly energy source, but an environmentally beneficial energy source. The environment in which
a plant grows in can determine a lot about its processes and functions, as a plant will adapt and react differently in
different environments. By altering the bacteria present in a plants habitat, we are able to manipulate the intracellular
energy production of the plants.

H4 Plastic Particles
Engineering
Antoinette Reid
Westfield High School

This project was developed to help reduce the amount of plastic waste that is deposited in our oceans and on the
planet. To achieve this, the plan was to combine various ratios of starches, water, glycerin, and vinegar until the
correct consistency was formed.
The plastic went through several tests before reaching the final product. Each time, the ratios were evaluated then
modified until the test had the correct properties. In the end, the mixture consisted of two tablespoons of starch, five
teaspoons of water, two tablespoons of vinegar and two tablespoons of glycerin.
The experiment found that the cornstarch was the better material to make plastic from. Test number seven produced
a thick, homogeneous mixture that was flexible but strong.
The use of bioplastics can help in many different ways, one of which being agriculturally. Many vegetables that
humans consume get covered in a thin layer of plastic mulch to help regulate heat, reduce water loss, and protect
them from pests. This mulch is only good for one season, then has to be recollected and brought to recycling
facilities. By using a bioplastic, this collection step could be skipped because the plastic could decompose directly
into the soil.
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H12 Contracting Silk Fibroin Hydrogels for Wound Stress Relief
Engineering
James Gow
Concord Academy

There are 2 types of wounds: acute wounds (such as surgical wounds) and chronic wounds (wounds that stuck
in the inflammatory phase). According to the Royal Children’s Hospital Melbourne, there are 4 types of healing for
wounds: 1) Primary intention - the wound edges are held together by sutures/staples; 2) Secondary intention through
a process of granulation, contraction, and epithelialization; 3) Skin graft; and 4) Flap - the surgical relocation of skin
and underlying structures. The study’s focus is wound healing using silk hydrogels. Hydrogels already exist in our
bodies – vitreous humor in our eyes, tendons, and cartilage. Other hydrogels that we are familiar with include jello
and medical devices like contact lenses. Why are hydrogels an excellent material for wound healing? The gel base
has a high water content between the crosslinked beta sheets. It helps to heal effectively and protects the wound from
infection by keeping the wound moist. Silk is a biodegradable biomaterial that can be absorbed by our bodies
without an allergic reaction. It is also very strong. Usually silk fibroin hydrogels cross-linked by chemical agents
such as horseradish peroxidase with hydrogen peroxide have elastic properties. A strong hydrogel can operate much
like our own skin, ligaments, and bones. The aim of the study is to analyze the basic structure of silk hydrogels in
order to gain a better understanding of how these beta sheets affect the overall strength and elasticity of the
hydrogels. Hence, scientists can engineer new innovations in wound healing, drug delivery systems, medical
implants or artificial muscles. The scientist hypothesizes that the PEG (polyethylene glycol) used in making the silk
hydrogels has a significant impact on the beta-sheets and its ability to contract.

H14 Bionic Hexapod Robot and Study of Improving Walking Efficiency
Engineering
Kangqi Ni
Central Catholic H. S.

Hexapod robots have been utilized in numerous applications, such as post-disaster rescue and inspection of
unknown territories. The kinematic analysis of the robot calculates the relative position of the leg tips when the robot
is walking. I introduce a mathematical model that simplifies the calculation by using trigonometry instead of linear
algebra. The design of the hexapod robot is based on the bionic model inspired from insects. The mechanical
structure is modeled after the body structure of insects, while the gait grogram is modeled after the gait patterns
utilized by insects. The body part of the robot is designed as an elongated hexagon to ensure walking efficiency and
stability. However, the hexapod robot displays lower walking efficiency when its legs sink into the ground since the
robot dissipates time and energy to pull out legs. An easy yet effective solution is to increase the contact area of the
robot on the ground since larger contact area reduces the pressure exerted by the robot and the depth of sinking.
Therefore, this paper first explains the kinematic analysis of the robot and introduces a mathematical model that
simplifies the calculation. After that, the paper illustrates the design of mechanical structure of the robot. Then, a
study of increasing walking efficiency of hexapod robot by increasing contact area is presented. This experimentbased study initiates with the hypothesis that the walking efficiency of the hexapod robot increases as the contact
area increases; however, continuing to increase the area eventually fails to improve efficiency significantly or even
provides negative effect. The hypothesis is proved by two sets of experiments: one is conducted on a smooth surface,
while the other is conducted in the outside environment.
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H21 Optimal Power Flow in Power Networks with Intermittent Power Sources
Engineering
Ziyao Cui
The Cambridge School of Weston

With increasing integration of Intermittent Power Sources (IPSs) into power networks, the uncertainty of IPSs
requires a solution and the current dispatch control system needs improvement. The current dispatch control system
includes three levels: short-term scheduling, real-time dispatch, and Automatic Generation Control (AGC).
Attempting to solve IPS uncertainty, I propose a new dispatch control plan for real-time dispatch to better ensure
system’s security.
In order to obtain the optimal generation schedules in different dispatch control levels, it is necessary to implement
optimal power flow as power optimization tool. However, though the current Tradition Optimal Power Flow (TOPF)
can guarantee system optimality on the beginning snapshot, it cannot guarantee the optimality throughout the entire
time period, especially for power networks with IPSs. Therefore, I propose the Period Optimal Power Flow (POPF)
that is oriented towards a time period. In POPF optimization algorithm, according to integral mean-value theorem, I
take the median snapshot as the objective function over the time period, and characterize two ending snapshots as
constraints, because we already theoretically proved that node voltages are in approximate linear function of time.
The results of the simulation case study on the modified 118-bus system prove POPF’s effectiveness in not only
satisfying the security constraints over a time period, but also generating a more optimal objective function than
TOPF.
In this research, the benefits and potential uses include the new real-time dispatch plan to better accommodate the
IPS uncertainty. Also, the newly proposed POPF model proves its ability to plan over a time period, especially when
it comes to transmission and distribution systems with IPSs.

H23 3D-Printed Cell Phone Stand
Engineering
James Williams
East Boston High School

My project shows how innovation will shape the worlds’ future with its capabilities. I chose to conduct this
project to learn about a new evolution in engineering. This matters to the whole world because the end result is an
inexpensive material that is strong and easy to manufacture. Therefore my project will explain the future of
engineering and what materials can be used frequently when making certain objects.
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J5 Soft Robotic Designs on Weight Carrying Capacity
Engineering
Trista Lee
North Quincy High School

The purpose of this experiment was to make the strongest soft robotics gripper by testing different finger
designs and determining which gripper has the highest weight-carrying capacity. The hypothesis was, “If a soft
robotics gripper with a one finger, three finger, four finger, and five finger design are tested, then the five finger
design will hold the most weight without dropping the object.” Gripper molds with one finger, three finger, four
fingers, and five fingers were designed and assembled. EcoFlex silicone rubber was poured into each mold and a
bottom layer was constructed by pouring an additional thick layer of EcoFlex onto a baking sheet. The silicone
material was let to cure for 4 hours and the top and bottom parts of the soft robot were attached with more silicone.
Polyethylene tubing was attached to each robot through their central air chambers and the robots were inflated with a
blood pressure bulb. Each design was tested by weighing marbles in a container that was gripped and lifted to
measure the maximum weight the robots could hold.
The four-fingered gripper was able to hold the most weight, lifting an average of 1739.6 grams, the one-fingered
gripper was able to hold 1486.6 grams, the five-fingered gripper was able to hold 1088.8 grams, and the threefingered gripper held the least, only 795.4 grams. Based on the data, the hypothesis was rejected as the four-fingered
gripper worked the best in lifting the most amount of weight. Moreover, these soft robotic grippers can be used in the
medical field as they are very useful by holding a strong, but delicate grip on fragile objects such as handling organs
during surgery. Soft robotics grippers are also very versatile and practical in gripping objects of different shapes and
other physiological features.

J8 Infant Incubators...But Made For All
Engineering
Adhishri Hande
Lowell High School

There is a crisis going on in our world where several babies are dying prematurely. Many incidents like this
occur when unexpected natural disasters occur in rural areas where high-tech materials are scarce. Incubators in the
developed world have several functions that are not needed in cases of emergency. By creating a neonatal incubator
out of materials locally found, which are also environmentally friendly, the premature babies are more safe and
protected, even if it does not have every advanced function as a newer model would. If infant warmers, or
incubators, are made using materials that are found in rural communities, as well as solar power, then the new model
will be more sustainable, affordable, and a quick solution for premature babies facing a natural disaster, like a flood,
because of the accessibility of the materials.
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J27 Electromagnetically Powered Car Prototype
Engineering
Nicolas Vilallonga
Boston Latin School

My project was to determine if it is possible to make a wheel with natural magnets attached to it to move due to
the force of a solenoid electromagnet, and if so what would be the optimum positioning. This is intended for future
designs of a car that has electromagnets controlling the individual rotations of the wheels, which would hold natural
magnets. While my data showed that it was possible, and that a decrease in distance and a field that faced the
magnets was ideal, I would need more electromagnets, preferably not solenoids, and fewer natural magnets in order
to make the wheels rotate more efficiently and to increase control over the rotation.

K2 Maximizing the Space Efficiency of a Solar Grid
Engineering
Aaron Muldrew
Westfield High School

Solar panels are an inefficient source of renewable energy, only collecting 11-15% of the sunlight that reaches
them. Having only a two-dimensional plane of exposure, there is a lot of space being wasted in the creation of solar
farms. By adding a vertical plane of exposure, solar grids can be made more space efficient.
In order to do this, solar panels were placed on the outside of a clear container facing inward and wired together in a
parallel circuit. A single solar panel was tested against the container when it was filled with water as well as empty.
The designs were tested by measuring the the angle from direct sunlight and measuring the current and voltage to
calculate sunlight.
The empty bottle proved to be 75% more efficient than the single panel, while the full bottle was 45% more efficient
than the single panel in terms of total energy collection.
This new design for a solar grid would be best implemented in a setting where the cost of surface space outweighs
the cost of solar panels. This design could be modified to optimize the dimensions of the container and improve the
energy collection.
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K3 Turtle Shell Biomimetic Material for Impact Resistance
Engineering
Mantra Rajkumar
Hopkinton High School

1.6-3.8 million sports and recreation-related concussions occur in the U.S. yearly, and innovative helmets
designs are needed to combat the prevalence of these injuries. This project takes a unique approach to helmet
material design by utilizing biomimicry, a discipline that mimics strategies found in nature to solve design problems,
to create a helmet material inspired by the turtle shell. To construct the helmet, specific materials were selected to
mimic each layer of the shell’s surface structure and composition, including hard plastic for the scutes, fiberglass for
fibrous layers, EPS foam for the porous boney layer, and shock-absorbing gel to mimic the soft collagen and keratin
on the shell’s surface. The design was tested against the control material(mimicking traditional helmets) and
modifications were made to the initial design, including the use of multiple foams as well as different placements of
the gel layer. A drop weight impact test was used to assess the materials and data was interpreted using the principles
of the Impulse Momentum theorem. The modulus of elasticity for the materials was also calculated to compare their
flexibility, but it was not used to conclude impact resistance. The impact test results indicated that the turtle shell
material with a single foam layer(no gel) minimized impact significantly better than the control(11.8% better),
supporting the idea that a biomimetic helmet could greatly improve current helmet designs. Another interesting find
was that the addition of a gel layer to the surface of the shell, although theorized to be beneficial in a previous study,
actually reduced the impact resistance of the material, yet the addition of the same layer to the bottom of the material
resulted in a better performance than the control.

K7 Making Cell Phone Use Safe on Airplanes
Engineering
Alec Smith, Dacota Durkee
Westfield Vocational H. S.

The problem the team is addressing is cell phone use on aircrafts, specifically on commercial airliners. Cell
phone usage during different stages of flight is a very controversial affair. The intent of the matter is to address
whether cellular interference actually exists on airliners. Hypothetically, if complication due to cellular devices is
evident, the new ambition would be engineering a mechanism shielding this interference. The turn out was as
predicted, thus resulting in the call for the electromagnetic interference safeguard. This gadget will induce the radio
waves to be hindered; assuring the security of dependable avionics including but not limited too, all navigation and
communication systems. Through trials of different materials and variables, the team decided on monel woven wire
mesh, also known as monel 400. This was very successful in shielding the avionics from the frequency of cellular
devices. With the tactic of cutting off the cell phones ability to transmit and receive messages, the electromagnetic
interference risk is way lower, making air travel protected for all.
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K18 Boats Buoyancy

Engineering
Quincy Wiggins, Jose Vilorio
John D. O'Bryant School of Mathematics and Science
Boats and ships alike have changed the world. They served as cargo carriers and many other purposes. Normally
when you think about modern boats you think of complex mechanics. More developed and whatnot. But it wasn’t
always like that. People before us had to build and create boat designs to navigate and explore. They tried out many
different possibilities and they chose the best ones. And we will talk about some of those designs. We will have 4
designs: flat, round, shallow vee, and catamaran. We hypothesized that if we make 4 types of boats each with
different shapes but the same material, then the flat boat will not sink the fastest. We will proceed by cutting the
front of the the ½ gallon of juice cotton and carve it based on the shape of the boat and tape it to the back side of the
cotton. Then we filled a small tub with water and put each of our boats in. Then we added marbles to see how much
each boat can carry without sinking. In this experiment there were four different boats each made with the same
material but different shapes. The four shapes were flat, round, shallow-v, and catamaran. In total we had 24 tests
because each boat had 6 tests and each test 10 marbles were added. Some things I noticed was that each boat was
titled at different amounts of marbles and different ways. The flat boat didn't start tilting until 30 marbles and it tilted
sideways. The round started tilting at 1o marbles but backwards. The shallow-v tilted right when it was placed in the
water without any marbles and the Catamaran at 10 marbles. Our hypothesis was if we make 4 boats each with
different shapes but the same material, then the flat boat will not sink the fastest. Our hypothesis was mostly
supported because the flat boat didn't sink but the round boat didn't sink completely.

K23 Active Detection of Sepsis
Engineering
Maria Dariotis
Mass. Academy of Math & Science

Sepsis is the number one cause of death in hospitals, but the earlier it is detected, the higher the chances of
survival. One-way sepsis can be detected is upon confirmation of infection combined with meeting SIRS criteria.
These criteria include, a body temperature less than 36 degree Celsius or greater than 38 degrees Celsius, a
respiratory rate of greater than 20 breaths per minute, and a heart rate greater than 90 beats per minute. A wearable
device was made to monitor these criteria using Arduinos sensors and notify the user when all three criteria were
met. From here, the proper care can be given. This device was able to monitor heart rate, body temperature, and
respiratory rate with less than 2.5%, 7.7%, and 6.7% error; respectively. The device can be used in the ICU, at-home,
and nursing rooms to provide active monitoring of the patient in risk of sepsis.
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K26 Best Shape of a Wind Turbine Blade
Engineering
Dhruv Madan
Bishop Feehan High School

Invisible Energy tests the efficiency of different wind turbine blades in different wind conditions. The project
tests five different wind turbine blades in three different wind speeds to determine how much electricity is generated
in millivolts and rotations per minute. The hypothesis states that if five different blade shapes are tested in a wind
tunnel, then a modern blade style will produce the most energy and have more rotations per second because it is the
most reformed blade design. Two of the different wind turbine blades were sourced from real-life wind turbine
manufacturers. The manufacturer, Vestas, is based out of Denmark and is the largest wind turbine manufacturer in
the world. These were the Vestas V90, the best selling wind turbine in the world, and the Vestas V150, one of the
largest wind turbines in the world. The other three wind turbine models used were inspired by early and basic wind
turbines. These were wind turbines with flat blades designed with a 45-degree angle, perfectly cylindrical wind
turbine blades tapering off at the end, and an expanded airfoil from the Vestas V90 wind turbine. All the blades that
were used were models in 3D computer-aided design and were then 3D printed. The different wind conditions were
speeds of 2.5 meters per second, 3 meters per second, and 4 meters per second, created by a multi-speed industrial
fan. The results of the test showed that the best wind turbine blade was the flat plank that was inspired by old
windmills.

N3 Advanced Infrared Sensing for Victim Detection in S&R Applications
Engineering
Michael Youssef
Hopkinton High School

First responders face tremendous pressure in USAR where they must evacuate victims from uncharted areas of
rubble under high-pressure time constraints. With both hazard and time being critical factors of consideration for
first responders, they have equipped a variety of tools to assist them. In the past decade, all sorts of robots wheter
they be UGVs (unmanned ground vehicles) or UAVs (unmanned aerial vehicles) have been useful in allowing them
to gain a better understanding of their environment, and more importantly, locate their victims in an efficient way.
Despite the many advantages to these robots, they still have several flaws and areas for improvement. Because these
robots are remotely controlled by first responders, the task of identifying/locating victims lies in their abilities.
Whether it be false identification of victims or extended periods of time taken to identify victims, these issues in
human ability can make USAR missions very unproductive and in some ways a more risky/dangerous. AI-driven
robots can be much more useful than the standard remote-controlled robots because they can be trained to perform
certain tasks at significantly faster speeds than humans, and more importantly, with greater accuracy. Both of these
factors to a highly optimized AI can help minimize the unpredictability of USAR missions, and in turn, improve
efficiency while minimizing risk for first responders. This project focused on developing an AI software that equips
thermal imaging (a very versatile form of imaging that can be used in a variety of settings) as a means of detecting
and locating victims and subsequently relaying such information back to first responders via. the cloud. A more
long-term goal of this project is developing not just a functional but also scalable.
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N4 The Accessible Tuba
Engineering
Samantha Adamtsev
Westfield High School

This project was made to be played by anyone who has a physical disability that hinders their arm use. I was
inspired to create this after I watched a TV show in which a professional violinist lost her arms to a flesh-eating
bacteria and then despised her life. I realized that unexpected tragedies can happen to anyone, so I altered my own
instrument, the tuba, to make it remain playable if something like that were to ever happen to me. It is operated using
three pedals, which control the tuba’s valves. The instrument stands on a sturdy frame and has an adjustable chair so
the player can sit at a height that allows them to easily reach the mouthpiece. The criteria (having the tuba stay
perfectly still on the stand while being played, creating easy-to-press pedals, and not making too much noise with
every movement in the mechanism) were met in the building of this project.

P8 Real Life Spiderman: Gecko Inspired Adhesive
Engineering
Sayedazhar Peerzade, Aarush Patnala
Advanced Math and Science Academy

The goal of my project is to build a new form of adhesive, inspired the gecko, that is usable in any environment
and does not sacrifice reusability, flexibility, or strength, by using Van Der Waals forces and mimicking the draping
mechanism of gecko feet.
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P11 From Filthy to Filtered

Engineering
Zenilda Goncalves, Trista Sicard
Southeastern Regional Vocational Technical High School
Our project is a water filter. We know that there are many filters out in the world but ours is a bit more unique
because the skills we acquired from our plumbing shop have been incorporated into it. The materials used for the
filter are sand, activated charcoal, gravel, and cheesecloth. We decided to build the filter inside of a copper pipe
because it's a material that is commonly used in plumbing, and we knew it would be safe for potable water. We also
connected Pex tubing to the ends of the filter by soldering it. Soldering is when you heat a pipe with a torch and then
melt solder(a type of metal wire) onto the pipe to create a watertight seal. PEX was used because it's flexible and
could easily be connected to any fixture. Because PEX is a popular plumbing material, it can also be added into the
actual water lines that provide water for the fixture. The reason why we decided to make this filter is because it could
be a great benefit to the world, especially third world countries that don't have enough clean water or any at all. The
materials used for the filter can easily found in nature so it wouldn't cost much to make it. Sand and gravel can be
found just about anywhere and if you dig deep enough in some places, you can find charcoal, which can be crushed
to make the activated charcoal. The copper and PEX are also recyclable when people no longer want to use the filter.
Copper scraps can be sold to scrap metal junkyards or melted to be used again. PEX is plastic so it can also be reused
when brought to a recycling system. As both my partner and I aspire to become plumbers, we live by the plumbers'
slogan, "protect the health of the nation." What better way to protect the health of the nation than by protecting the
water that everyone needs every day to survive.
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Mathematics
A2
G14
K4
K15
K27

Constructing Rooted Trees From Their Order Quasisymmetric Functions
Modeling Glacial Nitrogen Flux on Diatom Biomass
Cache-Efficient Parallel-Partition Algorithms using EREW Memory
On the Complexity of Generalized Roller Splat!
Abel Jacobian Condition for Quadrilateral Mesh

Section 6 - Page 29 of 162

A2 Constructing Rooted Trees From Their Order Quasisymmetric Functions
Mathematics
Jeremy Zhou
Phillips Academy

Determining whether two graphs are isomorphic is a very important and difficult problem in graph theory, with
applications in image recognition. One way to make progress towards this problem is by finding graph invariants
that distinguish large classes of graphs. In 1995, Richard Stanley conjectured that his chromatic symmetric function
distinguishes all trees, which has remained unresolved. In 2017, Takahiro Hasebe and Shuhei Tsujie proved a
version of Stanley's conjecture for posets: their strict order quasisymmetric function distinguishes all rooted trees.
However, the strict order quasisymmetric function has an infinite number of terms, and it's not clear which terms
need to be computed to distinguish two rooted trees. To resolve this, we use an original combinatorial framework to
devise a procedure that explicitly constructs a rooted tree from its strict order quasisymmetric function. This
procedure takes us one step closer to a concrete implementation of the strict order quasisymmetric function. In
addition, it provides an alternate, more concrete proof that the strict order quasisymmetric function distinguishes
rooted trees.

G14 Modeling Glacial Nitrogen Flux on Diatom Biomass
Mathematics
Aksel Jensen
Falmouth High School

Climate change can be examined by looking at a wide variety of changes in environmental processes. For my
project using mathematical modeling, I look at the changes of phytoplankton in an arctic environment. As the world
warms and glacier ice sheets melt, the influx of nitrogen to the oceans fluctuates. The nitrogen entering the body of
water provides essential nutrients to the phytoplankton. By use of modeling, I can evaluate the changes in
phytoplankton biomass over time in the water column. As nitrates increase the biomass in the shallower depths
increases, however decrease at lower depths due to a decrease in photosynthesis from blocked light.
My project examines the specific case of the melting of the Jakobshavn Glacier on the west coast of Greenland. My
hypothesis is that as the glacier retreats from the ocean there will be a decreased nitrogen loading and subsequently
decrease in phytoplankton biomass. The nitrogen loading consists of the combination of nitrogen upwelling below
the glacier, nitrogen present in glacier melt and nitrogen transported by artic river flow.
Modeling evaluates reaching equilibrium of the biomass over time in the water column using the law of fixation and
diffusion. Calculations adjust for respiration and mortality of the biomass. Principal variables nitrate and light for
photosynthesis are testing over a worst-case 200 year, expected 1000 year and best case 10,000 years melting of the
Greenland glacier ice sheet.

K4 Cache-Efficient Parallel-Partition Algorithms using EREW Memory
Mathematics
Alek Westover
Belmont High School

We present an in-place algorithm for the parallel partition problem that has linear work and polylogarithmic
span. The algorithm uses only exclusive read/write shared variables, and can be implemented using parallel-forloops without any additional concurrency considerations (i.e., the algorithm is EREW). A key feature of the
algorithm is that it exhibits provably optimal cache behavior, up to small-order factors.
We also present a second in-place EREW algorithm that has linear work and span O(logn·loglogn), which is within
an O(loglogn) factor of the optimal span. By using this low-span algorithm as a subroutine within the cache-friendly
algorithm, we are able to obtain a single EREW algorithm that combines their theoretical guarantees: the algorithm
achieves span O(logn·loglogn) and optimal cache behavior. As an immediate consequence, we also get an in-place
EREW quicksort algorithm with work O(nlogn), span O(log^2 n·loglogn).
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K15 On the Complexity of Generalized Roller Splat!
Mathematics
Sebastian Zhu, Vincent Fan, William Yue
Phillips Academy

In the popular mobile game Roller Splat!, the player controls a paintball rolling around a rectangular board, with
a number of blocked out regions. On any given move, the paintball moves in any of the four cardinal directions until
it hits a barrier or the edge of the board. As the paintball rolls, it paints the board underneath it, and the objective is
to paint every open square. In this paper, we show that if given an arbitrary board, it is computationally "easy" to
determine whether or not the whole board can be covered by showing there exists a polynomial time algorithm (the
problem is in P). We also explore three other similar 2-dimensional variants and show they are also in P, presenting
code implementations. Then we consider the more interesting 3-dimensional case and prove it is computationally
"hard" by constructing a novel reduction from 3-SAT to show it is NP-complete.

K27 Abel Jacobian Condition for Quadrilateral Mesh
Mathematics
Yuxin Xie
Phillips Academy

Surface quad-mesh generation plays an important role in the field of Computer Aided Design (CAD) and
manufacture industry. This project studies the singularities of quad- meshes based on Riemann surface theory. For
genus zero and one closed surfaces, we bridge quad- meshes with meromorphic functions and prove the singularities
satisfy Gauss- Bonnet and Abel conditions. Numerical experiments support the theoretic discoveries. This result will
lead to practical algorithms for quad- mesh generation.
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Biology
A3
A4
A7
A20
B4
B12
B17
B26
B28
C1
C4
C6
C8
C11
C13
C17
C18
D6
D15
D24
D27
D28
F3
F5
F6
F7
F8
F9
F12
F16
F20
F24

The Effect of Warming Up on Running Form in Beginner Runners
Visual Function of AHR1b in Embryonic Danio rerio
The Effects of Lifestyle Choices on Blood Pressure and Lung Capacity
Sugar Rush:The Connection Between Sugar Consumption and Fertility Rate
Effects of Noise Pollution on D. Magna
Comparing ImageJ to Invasive Tissue Extraction
Which Substance Best Inhibits Bread Mold
A Novel Mechanism for Estimating Glioblastoma Tumor Growth Rates
The Effect of Herbal Products on a Drosophila Model of Epilepsy
NeoHb: A Noninvasive Optical Biosensor Diagnosing Neonatal Anemia
The Effect of Calcium Powder Mite Dusting on Drosophila Melanogaster.
How is the Amount of Polyphenols in Cocoa Powder Affected by Heat
Multi-Parameter Optimization of the ECM: A Novel Approach to Controlling
Cancer
The Response of the Coral Microbiome to Temperature Stress
Tiny Titans: Can Nanoparticles Neutralize E. Coli Bacteria?
What Is The Disinfectant You Are Using Really Doing For You?
Homemade Fly Spray: Finding a Safer Alternative to Commercial Fly Spray
Secondary Effects of RNAi Treatment Targeting Huntington's Disease
Calling All Bacteria... With a 3-D Printer
Attack Of The Flies
Controlling Proliferation of Primary T-Cells Using Genetic Circuits
Blood Spatter
Presence of Wolbachia Bacterium in Local Boston
Investigating Alternative Methods of Chlamydia Detection
The Effect of Resveratrol on the SOD1 Mutation in C. elegans
Effect of Various Antioxidants on Regeneration of Planaria
The Effect of Induced Chronic Stress on Life Duration
An Antibiotic Approach to Sepsis
Natural Cleaners
What Percentage of Bacteria Do Different Cleaning Solutions Remove
Use of Zno +TiO2 to Lessen the Effects of UV on Planarian Regeneration
Finger Print Analysis Comparisons
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F25
F27
G2
G5
G10
G13
G16
G22
G24
H6
H7
H10
H17
H18
H19
H25
H28
J2
J6
J7
J10
J12
J16
J17
J20
J25
K1
K5
K12
K14
K17
K19

Minimizing Bacteria in the Thawing and Cooking of Meat (Chicken)
Role of Protective Species in Inhibiting Virulence Factor in S. mutans
Essential Oils vs. Bleach: Is There a Cleaner Way to Kill Bacteria?
Testing the Effects of Sucrose on a Drosophila Model of Alzheimer's
Rain Nets: A Solution to Water Inefficiency in Agriculture
Effect of Different Scar Treatments on Myofibroblast Contraction
Knockout of AHNAK2 in Pancreatic Cancer using CRISPR/Cas9 Technology
RNA Editing of AMPA Receptors in Squid Nervous Tissue
Cultivating Cacti: Optimizing Future Life for Cacti
Effect of Pollution on Plants
Does Adding Waste Coffee or Cocoa to Soil Improve Vegetable Growth?
The Effect Of EGCG On Tumor Growth In Planaria
The Cardiac and Gastrointestinal Safety of Supplements on Parkinsons
Homeopathic Remedies for Parkinson's and Alzheimer's in C. elegans
Infant Rat Brain Volumes After Prolonged Morphine Administration
Enterobacter Cancergenus Isolate
"Water" the Most Efficient Water Purifiers?
Freezing Viability on Horseshoe Crab Embryos and Gametes
The Effect of Bacteriophage Dilutions on E. coli
How do Pesticides Affect the Regeneration of Planarians
Effects of Hurricane Induced Increased Salinity on Agricultural Crops
Exploring the Effects of E-Cigarettes Using Drosophila Melanogaster
The Effect of Antioxidants on Crown Gall Disease in Plants
Investigating the Impact of Serum on the Growth of TM7x and Host XH001
Using Synthetic Biology to Manipulate Bacteria Growth and Smell
The Impact of Black Sesame Pigment on Alzheimer's Disease
Gravitropism in Plants and Implications for Growing Plants in Space
The Effect of Preadult Methionine Supplementation on C. elegans
Ph Preference: Will Fruit Fly Gender Change It?
Jump Kinematics and Kinetics of Agility Dogs
Antibiotic Resistance & A New Hope
The Effect of Ecdyseriods on Planarian Regeneration
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K21
K24
K28
N10
N11
N12
N13
N14
N16
N19
N20
N23
N25
N27
P2
P3
P10
P17
P18
P19

The Effects of Vegetable Glycerin and Tocopheryl Acetate on Yeast
Is It Pure?
Effects of Ultraviolet Radiation on Wild-Type RAD1 and Mutant rad1 Sac
The Accuracy of Track-Based Dinosaur Speed Estimates
Survival of the Fin-nest
Interference in Antibiotic Resistance of Bacteria by Natural Extracts
Lifespan of C.Elegans in Glucose, Sucrose, Aspartame, and Sucralose
The Effect of Novel Natural Antioxidants to Treat Alzheimer’s Disease
Keeping Up with Your Skin: Testing Different Acne Prevention Methods
Using Germicidal Radiation to Control the Growth Rate of E. Coli
What Factors Increase the Risk of Contracting the Common Cold?
The Effect of Microplastics on Dinoflagellates
Adrenaline's Effect on Brain Function
Are We Safe From Our Phones?: The Effect of Display Light on Cancer
The Role of Coral Polyp Connectivity in Response to Tactile Stimuli
A Natural Microbiome's Defense Against Pathogens
Comparing The Growth of Plants Using Different Growing Methods
Effect of Sleep Deprivation on Learning and Memory of D. Melanogaster
The Effect of Vaping on the Exhalation Output of the Human Lungs
Combating Malnutrition-The Effect of Eggs on Drosophila Melanogaster
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A3 The Effect of Warming Up on Running Form in Beginner Runners
Biology
Bao Han Ngo
Mass. Academy of Math & Science

Up to 80% of runners, especially beginners, experience injuries every year. A possible method to lower injury
risk is through pre-run warmups and stretches that alter running form. Although the controversial practice of static
stretching has not been widely studied in beginner runners, the objective of these pre-run routines would be to
change the forces and motions experienced by the body to reduce injury risk. In this study, to assess static stretching
as a method for lowering injury risk, ten high school aged females completed two warmups—jogging and jogging
with static stretching—in a random order between two days of testing. After the warmup and a short rest, each
subject ran five laps around an indoor track at a constant pace in sneakers with pressure sensors that collected force
data for the entirety of the run. Once per lap, slow motion (720p, 240 frames per second) video captured the
movement of the subject’s leg, marked with indicators at the hip, knee, and ankle, to measure joint angles. Between
contact time, peak force, number of bodyweights at peak force, impulse, maximum instantaneous loading rate, leg
stiffness, and ankle angle at heelstrike, there were no significant differences between jogging and jogging with
stretching. Knee angles at heelstrike were significantly greater under jogging with stretching compared to jogging (p
= 0.046), meaning that a jogging warmup with stretching can lower injury risk, but not in the majority of running
related metrics, which shows no change between the two warmups.

A4 Visual Function of AHR1b in Embryonic Danio rerio
Biology
Baohui (Cather) Zhang
Falmouth Academy

The aryl hydrocarbon receptor (AHR) is a ligand-activated transcription factor that regulates gene expression
involved in xenobiotic metabolism. Zebrafish (Danio rerio), a widely used model to study vertebrate development
and genetics, have three AHR genes (ahr1a, ahr1b, and ahr2). A previous study has determined that the AHR1B
protein localizes mainly in the developing eye during the embryo-larval stage of zebrafish development, suggesting
ahr1b might play an important role in vision function. This project tested the optomotor responses of the offspring (7
days post-fertilization larvae) of ahr1b mutant parent zebrafish to investigate the potential effect of the absence of
ahr1b on their behavior upon detection of movement. The results of this experiment suggest that the control group
was more sensitive to movement induction than the mutant group although the data are not statistically significant.
The control presented a higher fractional distance travelled in the forward zone during forward movement induction
and a more distinct change of the activity level when induction changes. Several studies have suggested that AHR
and its orthologues are related to vision in zebrafish, humans, mice, and fruit flies. The exact role of AHR in visual
function remains unclear. For further investigation, the mutant zebrafish’s color vision, a distinct, but not completely
independent, feature of vision from motion detection, should be tested compared to the control. This project
demonstrates the importance of the AHR gene in eye development, implicating a potential treatment in human eye
diseases such as age-related macular degeneration and even blindness.
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A7 The Effects of Lifestyle Choices on Blood Pressure and Lung Capacity
Biology
Paige Silvia, Kamryn Li
Taunton High School

The aim of this experiment is to formally investigate the effects of lifestyle choices on a human’s blood pressure
and lung capacity. This would in turn reveal a solution that may help control the epidemiological crisis where
smoking cessation may be associated with an elevated risk for future development of hypertension. By testing
human subjects, an anonymous survey was utilized in order to ensure confidentiality. 100 participants were tested,
each getting their blood pressure (BP) and lung capacity measured by means of an incentive spirometer and blood
pressure cuff. The participants then performed a short exercise to a steady beat to ensure consistency. Immediately
after exercise their BP and lung capacity were measured and again 5 minutes after. The survey served as an
instrument to have a basis of who had vaped nicotine or smoked THC or CBD in the past. Out of the 55 participants
who had answered no, and the 45 participants who had answered yes, the results revealed that those who had never
vaped before had a lower average blood pressure and a higher average lung capacity. In comparison, the individuals
who had vaped in the past or currently had adverse effects; higher blood pressure and lower lung capacity. This
evidence supported the claim of lifestyle choices causing a detriment in BP and lung capacity. The outlier to this
experiment was the fact that some participants could have skewed the data through dishonesty during the survey. In
addition, some participants have underlying conditions such as asthma that became apparent while processing data.
Due to such results, those who engage in these activities may have effects consistent with damage in the walls of the
alveoli reducing the lung's capacity to exchange oxygen and carbon dioxide.

A20 Sugar Rush:The Connection Between Sugar Consumption and Fertility Rate
Biology
Mariana Gomes
Assabet Valley Vocational High School

Ever since the food industry started expanding, sugar became one of the most common ingredients added to
foods and beverages. Although sugar consumption is known to directly affect health aspects such as glucose levels,
immune function, and fertility rates, sugar consumption has increased dramatically throughout the years. This project
explored the relationship between sugar consumption and fertility rates. Throughout the project, twelve groups of
fruit flies were exposed to 3 different conditions in which their food was mixed with either sugar or stevia. The
results of this testing showed that the consumption of sugar and stevia resulted in significantly low fertility rates as
compared to the control group. Such results implicate that sugar consumption does significantly affect one’s fertility
rate. The results obtained through this research could potentially impact the way people approach the foods and
beverages they consume on a daily basis, as well as raise awareness to the fact that harmful chemicals are being
deliberately added to most of the things one consumes on a daily basis.
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B4 Effects of Noise Pollution on D. Magna
Biology
Abby Tasca
Wachusett Regional High School

Ocean noise, classified as noise that interferes with marine animals’ abilities to hear natural ocean sounds, has
risen greatly in the last century. The purpose of this experiment was to test the effects of sound pollution on Daphnia
magna and hypothesized that 48 hours of sound exposure on D. magna would elevate heart rate and lower
reproductive rates due to an increased stress response.
The experiment was conducted in a sound-insulated room, and an apparatus consisting of a water-proof speaker
suspended in a 2.5-gallon tank was constructed to play the designated frequencies. Test groups consisting of 10
Daphnia were examined under a microscope prior to testing to ensure that each Daphnia had no eggs developing.
Initial heart rates were also measured. The organisms were then placed in the apparatus and were exposed to
controlled silence or frequencies of high (300Hz - 1kHz), middle (120Hz - 400Hz), or low (20Hz - 300 Hz) for 48
hours. After sound exposure, heart rate was measured per 15 seconds and the number of eggs each Daphnia
developed was counted.
Two trials were conducted and their data aggregated. The results suggested the control group having a 365 BPM
heart rate and a 4.3 egg per organism reproductive rate. The low and high-frequency test groups had a 0 egg
reproductive rate and 426.6 BPM and 453.6 BPM respectively. The middle frequency group had a 447 BPM heart
rate and a 0.15 egg reproductive rate. The results support the experimental hypothesis.

B12 Comparing ImageJ to Invasive Tissue Extraction
Biology
Elizabeth Regnier, Catherine Morrissey
Westfield High School

With our sea waters rising, due to global climate change, there has been a 50 percent decrease in the coral
population. A widely used technique known as a tissue extraction is an invasive way to quantify coral bleaching;
whereas ImageJ is a noninvasive free image processing program used to quantify coral bleaching. Considering
ImageJ is noninvasive, we wanted to determine if it could quantify coral bleaching as accurately as the tissue
extraction. Three tissue extractions were taken on 1-2/1-14/1-28. The temperature was raised from 78°F/26°C to
82°F/28.8°C to 89°F/31.6°C. As temperatures were raised, tests were run to make sure the coral environment and
water properties were maintained. For each extraction, pictures were taken of the front, left and right view of each
coral fragment to be analyzed in ImageJ. Our null hypothesis was there is no difference between both the ImageJ
method and tissue extraction method and our alternate hypothesis was the Tissue Extraction is a more accurate
method to quantify coral bleaching. The independent variable is the method of measurement (ImageJ or tissue
extraction) and the dependent variable is the extent of bleaching. The data collected and analyzed from this
experiment supported our null hypothesis because it showed over the three collection periods, ImageJ was just as
accurate as conducting a tissue extraction. Collection measures taken from ImageJ were able to quantify the extent of
bleaching while no harm was done to the coral and have the same results as harming the coral in an invasive tissue
extraction.
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B17 Which Substance Best Inhibits Bread Mold
Biology
Craig Scharland
Bishop Feehan High School

The project that was decided to research was What substance and/or Environment Can Best Inhibit Bread Mold.
This project was chosen because it feels like every other day my Mom is throwing away a moldy bread loaf, and I
finally asked myself if I could find a way to prevent that even just a little later so I did not have to deal with it
constantly. The more I looked into the project though, the more interesting it became to me as there are many
different variables and ways to execute a project like this, so it almost became a challenge to pick a way to do this
experiment. By doing this experiment, people can figure out how they can also use human friendly substances to
save their bread just a little longer for eating, and also this project can apply to all foods that can get moldy, as mold
is similar in all of them. My hypothesis for this experiment was, If bread is subjected to Honey, then growth of mold
be slowed the most because honey has a low pH value, and also had anti-mold properties.

B26 A Novel Mechanism for Estimating Glioblastoma Tumor Growth Rates
Biology
Anvitha Addanki
Canton High School

Glioblastoma multiforme (GBM) are malignant Grade IV tumors that comprise over 15% of all brain tumor
cases, causing neurocognitive deficits, staggering economic burdens, and overall loss of productivity, if not treated
in time. The purpose of this study was to identify a noninvasive method for accurately estimating tumor growth rate
of glioblastoma multiforme based on tumor microenvironments using a machine learning model in silico and
corroborate the results with NF-κB activation in vitro.
In this study, Region of Interest (ROI) and statistical analysis was performed on all brain regions using fMRI data
from publicly available T1 weighted fMRI dataset from nineteen living individuals with GBM and fifty-seven
deceased individuals with GBM from The Cancer Genome Atlas Glioblastoma Multiforme (Cancer Imaging
Archive). The rate of GBM tumor growth was calculated based on the level of NF-κB activation.
Results showed that measures for cortical area mid, cortical area pial, cortical area inner, and white matter volume in
the frontal lobe had a statistically significant effect on GBM progression. Living individuals with GBM have greater
mean thickness, GM volume, CSF volume, and total volume, and lesser cortical area mid, cortical area inner, cortical
area pial, and WM volume than deceased individuals with GBM. A machine learning ensemble model, created with
Decision Tree, KNN, and Logistic Regression, provided an accuracy of 0.7930 for fMRI data.
This study has suggested that by analyzing tumor microenvironments, we can noninvasively determine the rate of
GBM tumor growth. This will allow for early diagnosis and more efficient treatment of GBM, which can improve
overall health and quality of life of affected individuals.
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B28 The Effect of Herbal Products on a Drosophila Model of Epilepsy
Biology
Simran Kaur, Kevin Gu
Hopkinton High School

Epilepsy affects about 50 million individuals worldwide. An astonishing 40-50% of epileptic patients struggle
with finding consistent methods to control their seizure activity. An alternative, herbal products, may provide relief,
however research and studies are lacking. Three herbal products that show promise are chamomile tea, grape seed
extract, and passion flora. A 1/400 mL (high) dosage of chamomile tea is hypothesized to reduce seizure duration
and severity due to its sedative and neuroprotective properties. To administer the herbals and dosages, a geneticallymodified bang-sensitive drosophila (fruit fly) model was used. The seizures in the drosophila were induced by
overstimulating their nervous system through mechanical stimulus. Their seizures were observed for duration (sec)
and severity based on a self-constructed chart. Testing took place for 3 weeks (400 trials) and included a control
group (no herbal), Phenytoin (anti-convulsant), and the three herbal products at different dosages (1/1000 mL, 1/700
mL, 1/400 mL, 1/100 mL). Reflecting on the results, all the herbal products reduced duration and severity of seizures
compared to the Phenytoin and control group (uncontrolled seizures). The herbal which best reduced duration and
severity was 1/400 mL of passion flora. However, after conducting a statistics test (ANOVA), there was no
significant difference between passion flora and the other herbal product groups (p > 0.05). Comparing the p-values
between the low and high-doses prove that high doses of herbals are statistically better than the low doses. Overall,
based on the experimentation and research, incorporating an ideal dosage of herbal products contributes to a
healthier lifestyle for epileptic patients.

C1 NeoHb: A Noninvasive Optical Biosensor Diagnosing Neonatal Anemia
Biology
Archita Nemalikanti, Sreeja Bolla
Hopkinton High School

Of all newborns in the NICU, 50% are admitted due to RDS, prematurity, or sepsis in the placenta/umbilical
cord. These conditions lead to anemia in newborns, causing doctors to continuously monitor their blood levels.
Doctors do this by performing the invasive CBC test, a challenging test to conduct on newborns since it requires the
extraction of blood. This loss of blood can cause the anemia to worsen and lead to severe and chronic consequences
such as low blood concentrations, poor growth, decreased activity, limited cardiovascular reserve, and low oxygen
delivery to tissue. In order to ensure the safety of all newborns, anemia must be diagnosed noninvasively. This
project displays the development of an optical biosensor that noninvasively diagnoses neonatal anemia. The
biosensor uses properties of light to analyze the concentrations of fetal hemoglobin (Hb), a globular protein, in the
arterial and venous blood of an index finger. The sensor first goes through algorithms to determine the light
absorption of Hb and uses PPG, an optical technique used in ECG, to eliminate melanin pigmentation light
absorption. A calibration curve of Hb, a concentration vs. light absorption linear function, will then be used to
calculate Hb concentration in the newborn. The calculated Hb concentration (g/dL) will be compared with a
benchmark Hb concentration, ultimately diagnosing anemia. This diagnosis is displayed on an android app, using
multithreading algorithms and Bluetooth communication. Hb derivatives with differing absorption spectrums
(oxygenated and deoxygenated), Compton photon scattering across biological tissue, and differing Hb
standards/hematopoietic stem cell genotypes of different ethnicities were also taken into account when developing
this sensor.
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C4 The Effect of Calcium Powder Mite Dusting on Drosophila Melanogaster.
Biology
Sofia Hoffman
Wachusett Regional High School

For insects, mites can consume fat bodies that insects use for energy storage. Calcium powder is one method to
prevent mite infestation, but over applying powder can also pose problems to insect hives. This is commonly seen
within bee colonies, but is also possible for flies. The purpose of this project was to test the effect calcium powder
dusting has on Drosophila. It was hypothesized that the more calcium powder applied to the Drosophila, the longer it
would take for them to phototax.
The flies were separated by gender and ten males and females were used for each experimental group. There were
four groups set up: separate males and females that were stunned by freezing and subsequently dusted with calcium
powder and those that were stunned but not dusted. After treatment, flies were transferred to a horizontal vial and
their ability to phototax was tested by timing how long it took them to reach a light.
The results support the hypothesis that the more calcium powder applied, the longer it would take for the flies to
phototax. The dusted flies had no reaction to the light and did not phototax at all. The data was supported by student
t-tests, showing a significant difference in time between the control to dusted females and control to dusted males.
Based on the data calcium powder might not be an effective solution for mite dusting because flies that were dusted
lost and intrinsic behavior.

C6 How is the Amount of Polyphenols in Cocoa Powder Affected by Heat
Biology
Sophie Nerine
North Quincy High School

Polyphenols are micronutrients that are found in a multitude of different types of plant-based foods, including
tea, wine, and spices like anise and cloves, and flaxseeds. These micronutrients are believed to be beneficial to heart
health and able to treat hypertension, as well as assist in preventing cancer. The goal of this experiment is to
determine how heat affects the amount of polyphenols in cocoa powder by comparing the amount of polyphenols in
cocoa powder kept at room temperature and the amount of polyphenols in cocoa powder that was heated to 212
degrees Fahrenheit. This experiment would ascertain what conditions cocoa powder and chocolate should be made
under to maximize their many health benefits which could greatly benefit fields regarding disease-prevention and
treatment. To extract polyphenols, this experiment used a Soxhlet Apparatus and ethanol as the extraction solvent,
finding that heat reduced the amount of polyphenols in cocoa powder.
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C8 Multi-Parameter Optimization of the ECM: A Novel Approach to Controlling Cancer
Biology
Antara Pal
Acton-Boxborough Regional High School

Cancer originates from genetic and non-genetic alterations which induce abnormal cell proliferation and
migration. Local invasion involves motile cancer cells advancing through the extracellular matrix (ECM) by
secreting Matrix Metalloproteinase (MMP) and contributes to over 90% of cancer mortalities. ECM
microenvironments differ in matrix arrangement, cell-matrix adhesions, and fiber plasticity, which may strongly
affect cancer migration. To understand the interactions between cancer cells and the ECM, I used the Cellular Potts
Model (CPM), otherwise known as the Graner- Glazier- Hogeweg (GGH) Model to simulate cancer cell migration
through varying ECM arrangements. I found randomly curved arrangements of normal ovarian stroma produce
minimal matrix metalloproteinase (MMP) secretion and high fiber degradation, resulting in decreased local invasion.
In contrast, wave-like and parallel linear arrangements of cancerous ovarian stroma and cancerous breast tissue
provide contact guidance, which adheres the cells to the ECM fibers and guides them through the arrangement.
Parallel linear fiber configuration was used to investigate the effect of cell matrix adhesion energy and fiber
elasticity on cancer cell migration. ECM fibers with strong cell-matrix attractions generate cell pseudopodia, which
aid in increasing local invasion rate, while weaker attachments prevent the cells from attaching to the fibers and
forming protrusive regions, limiting local invasion. ECM arrays with rigid fibers elongate the cell body, allowing the
cells to form cell protrusions and reinforce focal adhesions. Conversely, soft fibers stimulate cell rounding, which is
associated with limited migration. Optimizing cell-matrix adhesions and fiber elasticity results in below 10% local
invasion.

C11 The Response of the Coral Microbiome to Temperature Stress
Biology
Silas Clark
Falmouth Academy

Corals are a vital part of their ecosystems and our own, acting as host for a range of microbes, small marine
plankton and other eukaryotes, providing an important environmental and economic resource, and affecting local
temperatures. When facing stresses such as increases in temperature, the coral may undergo bleaching, expelling
dinoflagellates, losing microbes, and potentially killing the host coral. Southern coral may be more susceptible to
temperature change as the climate of their ecosystem is usually quite stable, whereas northern coral may have a
higher tolerance to temperature change as their habitats fluctuate more. Two species vital for understanding coral
responses to temperature change are the northern A. poculata and the southern A. yongei. An average 18% decrease
in microbial population was found during A. poculata symbiotic testing, and an average decrease of 10% during A.
poculata aposymbiotic testing. An average growth of 42% was found in A. yongei colonies. The hypothesis was
partially supported; with stress, the microbial densities of the corals dipped then grew, with fluctuations in percent
change across all days. As the expulsion of microbes during bleaching created a lower starting point in microbial
population, the aposymbiotic corals ended with fewer microbes than the symbiotic, and A. yongei colonies were
subject to more microbes than the A. poculata colonies as the species is much more sensitive to any form of
temperature change. The ensuing growth of possibly detrimental microbes could result in the death of corals,
threatening biodiversity, rain and cloud coverage, and local economies.
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C13 Tiny Titans: Can Nanoparticles Neutralize E. Coli Bacteria?
Biology
Alisha Nagpal
Bishop Stang High School

The purpose of the experiment is to determine whether silver nanoparticles can have a distinguishable effect and
if possible, what concentration is required to achieve these results. I believe that silver nanoparticles will be able to
subdue the bacteria using the Kirby Bauer antibiotic testing method. The experimental design consists of using the
Kirby Bauer method. A small filter disc is soaked in or coated with a substance thought to be an antibacterial. It is
then placed on a plate consisting of bacteria. If the substance is antibacterial, a ring of bacteria will form around the
disc but not in a particular area. This is known as a zone of inhibition. The more effective, the wider the zone. For
trial 1, the final results were plate #1- 2 cm, plate #2- 1.5 cm, plate #3- 0.3 mm, plate #4 and plate #5 had no
inhibition zone. For trial 2, the final results were plate #1- 2cm, plate #2- 1cm, plate #3- 0.3 mm, plate #4 and #5 had
no inhibition zone. In conclusion, my hypothesis was correct. The colloidal silver was most effective at a
concentration of 500,000 µg/mL and 50,000 µg/mL. The agar plate with 500 and 50 µg/mL had no effect on the E.
coli for both trials. I believe I got these results because the undiluted solution had the most silver nanoparticles,
making it the most effective against the E. coli, while #4 and #5 had the least.

C17 What Is The Disinfectant You Are Using Really Doing For You?
Biology
Anwita Revoori
Sharon High School

This project is to see if that though disinfectants may seem cheaper, they don’t actually kill the bacteria as well.
It is important to know how well the disinfectant is killing the bacteria because it is used in many places, especially
hospitals, where disease could spread as a result of uncleanliness which could become very problematic.
I set up the disks by writing the information on the bottom of the plate and placed liquid agar in it. I waited 24 hours
to let the agar solidify. I placed the bacteria in the disks by spreading it out with a swab. I soaked paper disks in the
disinfectants and placed them in the disks containing the bacteria.
According to my results, I was able to see that most of the disinfectants that you would expect to do very well such
as the Chlorine Compounds that are the 2nd most used disinfectant in hospitals which implies that they must be very
good at killing bacteria; however, out of the disinfectants that I tested it does not do as well. Formaldehyde, the most
expensive of the seven disinfectants I tested, was actually one of the worst disinfectants because it allowed for
bacteria to grow as it wasn’t able to kill much. Finally, the Phenolic Compounds did not do well because they killed
only some of the bacteria.
I have understood that different disinfectants have a variety of effects that change based on many aspects. I was able
to conclude that expensive disinfectants aren’t necessarily better at killing bacteria. I think that all disinfectants
should be clearly labeled for which type of bacteria they can have the most impact on and that people should look at
the quality of their disinfectant before buying it and think about what they want to use it for to get the best results
while also considering safety.
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C18 Homemade Fly Spray: Finding a Safer Alternative to Commercial Fly Spray
Biology
Rose Heller
Assabet Valley Vocational High School

The objective of this experiment was to create a safer for the environment, animals, and humans all natural
homemade fly spray. The purpose was to encourage the use of all natural ingredients that are safe for the
environment rather than the use of harmful chemicals. This experiment studied which combination of essential oils
in a homemade fly spray is the most effective against fruit flies. Many people have created various recipes for
homemade fly spray but no one has adequately researched how effective these solutions are towards flies. Four
groups were tested, the control which did not have a solution in it, solution one, solution two, solution three. Ten
fruit flies were put into each group and there status was observed over a course of 30 minutes. This experiment
concluded that solution three was the most effective solution out of the three solutions. Through this project results
have proven there is a safer and just as effective alternative to commercial fly spray.

D6 Secondary Effects of RNAi Treatment Targeting Huntington's Disease
Biology
Aryan Chaudhary
Bancroft School

Since its discovery in 2006, scientists have studied the use of RNA Interference (RNAi) to combat numerous
genetic disorders, such as Huntington’s Disease. Huntington’s disease affects hundreds of thousands of families
across the globe. Recently, a small interfering RNA (siRNA) molecule called HTT 10150 was found to reduce the
amount of Huntingtin protein, which causes the disease.
The purpose of this experiment was to determine the secondary effects that arise as a result of on target silencing
through RNAi. Each protein within a cell is part of a larger interaction network with countless other proteins. This
experiment observes the effect of knocking down the Huntingtin protein on the larger interaction network.
In phase one, the efficacy of the siRNA was validated through Quantitative Polymerase Chain Reactions after
complementary DNA synthesis. After proving its efficacy, four time points were chosen at which to measure the
amount of knockdown in order to further optimize the experiment. The results of phase one showed that cells
showed the greatest amount of Huntingtin protein (HTT) silencing between 48 and 72 hours.
In phase two, the interaction network for HTT was analyzed and a list of four proteins were chosen based on their
relationship with Huntingtin and their expression in HEK 293 cells. Each of the chosen genes interact with
Huntingtin and play a meaningful role in cell function. Phase two showed the knockdown of two genes that interact
with the target, DNAJC11 and PRMT2, while the amount of SETD 2 increased. Therefore, RNAi was proven to
affect proteins within an interaction network. While these effects will be different for every patient and for every
gene therapy, it is important to understand the potential effects.
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D15 Calling All Bacteria... With a 3-D Printer
Biology
Erika Kovalski
Westfield High School

This year’s experiment was a continuation of my project last year, in which I tested various household
disinfectants to determine which one was most effective in killing the highest amount of bacteria on the surface of a
mobile phone case. This year, I hypothesized that if a 3D printed phone case that uses UV light radiation is utilized
for no longer than ten minutes, then it will kill more bacteria than Clorox Disinfecting Wipes. I designed and printed
a model of a phone case and installed UV LED lights within it. I then used petri dishes and swabs to conduct the
experiment with the case; testing its ability to kill bacteria off its own surface over three trials in which the UV light
duration was increased per trial. I incubated them and took photos of the results after bacteria growth. During the
first trial, the Clorox Disinfecting Wipes killed 99.37% of bacteria and each test with the case killed 97.37%,
100.00%, and 99.16% of bacteria respectively. During the second trial, Clorox Disinfecting Wipes only killed
75.86% of bacteria, whereas each test of the case killed 100.00%, 100.00%, and 97.23% respectively. Finally, during
the third trial, the Clorox Disinfecting Wipes killed 100.00% of bacteria and the case itself killed 100.00%, 100.00%,
and 100.00% of bacteria respectively during each test. Considering the success and consistency of the case that I
created, I concluded that my hypothesis was correct.

D24 Attack Of The Flies
Biology
Nicolas Hicks
East Boston High School

My project is about seeing if I could get fruit flies addicted to either nicotine or caffeine. I was interested by this
idea when thinking about humans and how we get addicted and also my how much coffee one of my teachers drinks.

D27 Controlling Proliferation of Primary T-Cells Using Genetic Circuits
Biology
Heesoo Cho
Dexter-Southfield School

Most of our cells do not proliferate once we reach adulthood. Our immune cells, however, can proliferate for a
certain number of times to protect our body from foreign objects or malignant cells. Recently, T cells, one of the
immune cells, are isolated from cancer patients and engineered to target cancer cells in their bodies. During this
treatment, T cells are desired to proliferate as much as possible but stop on demand to prevent themselves from
becoming cancerous. Therefore, our goal is to control proliferation by either adding or removing small molecules
from T cell cultures to let them proliferate and stop on demand. To achieve this, we will utilize hTERT (human
telomerase reverse transcriptase), a protein that triggers proliferation and control its expression kinetics using
synthetic genetic circuits. These circuits are composed of phosphatase, kinase, and activation cascade, and a fast
response inducible system with higher fold induction can be engineered.
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D28 Blood Spatter
Biology
Hoa Nguyen
Excel High School

My science question is “How does different angles affect the size and shape of blood spatter”? My hypothesis is
“If there is a relationship between the angle and size and shape of blood spatter then as the angle increases then the
size of blood spatter will spread out and the shape look bigger and circular because it will receive the impact of
angles at the same height and it will cause different sizes and shapes”. A summary of your procedure is I used a
protractor to measure an angle, first put paper on clipboard measure from the middle then go to the right. Hold the
bottle of fake blood at the height 30cm from the top of the table. Then release one drop of blood using a dropper and
repeat 2 more times for the same angle. After that, continue for 15°, 30°, 45°, 70° and 90°. Leave it to dry then
measure the width and length then record the information to collect for the data table. In conclusion, As the angle
increased, the size (width) of the blood spatter increased, however the length decreased as the angle increased. The
shape was more spread out and was more circular but the width was more narrow; the length got longer.

F3 Presence of Wolbachia Bacterium in Local Boston
Biology
Aidan Osowiecki, Ourania Parastatidis
Boston Latin School

This project tested the presence of the Wolbachia bacterium in the city of Boston, but more specifically the
Fenway area. The Wolbachia bacterium is known to prevent diseases such as Dengue and Malaria as it is present in
bugs such as many arthropods and mosquitoes. Although the data was inconclusive from the tests that were ran so
far, more tests will be performed to further our research. In the future, this team plans to expand this research to test
how this bacterium effects the spread of Triple E, a disease transmitted from mosquitoes that has specifically seen
outbreaks in the Boston area.
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F5 Investigating Alternative Methods of Chlamydia Detection
Biology
Himasri Shapally
Mass. Academy of Math & Science

Chlamydia, an asymptomatic sexually transmitted infection (STI), is the leading cause of STIs globally.
Although the CDC estimates that 2.86 million cases of chlamydia occur annually, only about 1.5 million of those
cases are being reported, diagnosed, and treated. This disparity between the prevalence of chlamydia and the
diagnostic rate is a direct consequence of the inaccessibility of current diagnostic methods. Currently, most methods
of detection require clinical testing and can become inaccessible for certain populations, leaving those infected
experiencing a series of chlamydial sequelae including pelvic inflammatory disease, ectopic pregnancy, infertility,
and blindness in newborns. To address this public health issue, an affordable, effective, and noninvasive at-home
diagnostic test for chlamydia was engineered using a protein-based lateral flow method that analyzes urine using
sensitive and specific antibodies. The sensitivity of the chlamydia specific antibodies was determined by exposing
antibody blots to various dilutions of urine samples through a spot detection method. Analysis of the dot blots using
Image-J indicated high sensitivity of the antibodies with limits of detection for urine with bacteria concentrations of
2.55 X 10¹ ifu/ml and lower. Further testing indicated specificity of 40% and a positive predictive value of 57.14%.
Optimization of this detection method will result in higher sensitivity and sensitivity to ultimately yield a higher
positive predictive rate. This detection method will allow for a greater number of people to be screened and treated
for chlamydia. Consequently, less chlamydia will be spread through sexual activity and the number of chlamydial
sequelae cases will decrease.

F6 The Effect of Resveratrol on the SOD1 Mutation in C. elegans
Biology
Samantha Leslie
St. Mark's School

Amyotrophic lateral sclerosis (ALS) is a fatal neurodegenerative disease that causes muscle decay and
respiratory system collapse due to the death of motor neurons. One cause of ALS is a familial mutation to the SOD1
gene. This gene codes for superoxide dismutase, an enzyme responsible for catalyzing a reactive oxygen species
(ROS) called superoxide. One possible cause for the death of motor neurons in SOD1 mutants is oxidative stress in
the central nervous system (Barber et al., 2006). Resveratrol, a polyphenol with antioxidant properties, has been
shown to lower oxidative stress, thus increasing the viability of motor neurons and increasing lifespan. In this
experiment, C. elegans with an SOD1 knockout was used to model human ALS. The experiment measured the
number of thrashes and the lifespan of C. elegans after receiving resveratrol therapy of varying concentrations. The
results of both the thrash and the lifetime assays support the null hypothesis that resveratrol has no impact on
lifespan or motor activity in SOD1 mutants. There is also no statistical difference between the C. elegans with ALS
being treated with resveratrol and the group without resveratrol.
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F7 Effect of Various Antioxidants on Regeneration of Planaria
Biology
Sabrina Chan, Warda Ahmed
Canton High School

The purpose of this project was to test the effectiveness of antioxidants on the regenerative speed in Dugesia
tigrina. Antioxidants, Vitamins E and A soft gels, were used in different measured amounts in the planaria’s habitat
along with one control group. To illustrate, 0.612, 1.224, and 2.448 grams of vitamin E and A were mixed into
individual petri dishes, each filled with 30ml of water. Approximately ⅓ of each tested Dugesia tigrina was severed,
prior to being placed into their respective treatments. Each petri dish held one planarian, and their regeneration speed
was measured in hours. Throughout the two trials, the planaria across all the vitamin A Petri dishes had a faster
growth rate, being one stage ahead, compared to the planaria in the control and vitamin E groups. The control group,
containing only water, had the slowest regenerative rate. On average, the planaria in vitamin A took about 104 hours
to fully regenerate, the planaria in the control group covered approximately 156 hours to reach full regeneration. The
planaria in vitamin E took an average of 124 hours to reach the last stage. Six stages - pre-wound closure, flattening
and start of regrowth, round shape, elongation of peak, visible but translucent tail and return to original shape- were
used to determine the time it took for one worm to complete one stage and move onto the next. The results of this
project suggest that the regenerative speed of Dugesia tigrina was quickened in the presence of antioxidants,
especially vitamin A.

F8 The Effect of Induced Chronic Stress on Life Duration
Biology
Aracely Alicea
Taunton High School

Chronic stress has been linked to five of the leading causes of death in America, including heart disease, cancer,
lung disease, cirrhosis of the liver, and suicide. Once steps towards reducing chronic stress have been made then the
number of Americans who fall victim to stress related illnesses can decrease. Knowing the effect that chronic stress
has on the body raises the question; how does chronic stress affect life duration? The experiment consisted of
creating different temperature water baths and placing drosophila into the water baths each day until dead. This
stimulated stress over a constant period that would induce chronic stress. The experiment also included a control fly
group that was left alone. The deaths of each fly were then recorded and compared against the control fly group. It
was hypothesized that if stress is chronically induced on drosophila using different temperatures then the drosophila
that have stress induced on them will have shorter life-durations than the control flies. The results supported the
hypothesis, however the cold flies lived longer than the hot flies. This could be due to diapause or denaturation. This
experiment helps us to better understand the detrimental effect chronic stress can have on an organism.

F9 An Antibiotic Approach to Sepsis
Biology
Melissa Gonzalez
Pioneer Charter School of Science

Rivers have been proven to be filled with a bunch of bacteria, such as Aeromonas veronii. Aeromonas veronii is
a bacteria associated with Sepsis, a life threatening condition which leads to organ failure. The aim of this project
was to find which antibiotic introduced to Aeromonas veronii would be the most effective in fighting it. LB plates
filled with colonies of Aeromonas veronii were treated with Chloramphenicol, Tetracycline and Ampicillin. The
hypothesis is that “If Chloramphenicol, Tetracycline and Ampicillin is introduced to Aeromonas veronii, then
Chloramphenicol will be the most effective antibiotic in killing the Aeromonas veronii because of its ability to
inhibit protein synthesis”. Chloramphenicol worked the best as it successfully killed off a majority of the bacteria.
The results of this experiment could be used to help with research on the treatment of Sepsis by introducing different
antibiotics at different concentrations in the case Aeromonas veronii becomes Ampicillin resistant.
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F12 Natural Cleaners

Biology
Jenna Rosales
Bishop Feehan High School
The importance of this project is to determine whether lemon juice, baking soda solution, and white vinegar are
effective cleaning agents. It is known that such common ingredients that are used in everyday lives could be as
effective as using Clorox bleach. Products such as Clorox bleach are extremely effective when it comes to killing
bacteria. However, such toxins and chemicals that these products contain, may have a negative impact on health.
These effects cause harm to your lungs, irritation, and even cancer (Wiggins, 2017). Because of these harmful
chemicals, it is questioned whether natural cleaning products could work just as well. The hypothesis is if lemon
juice, baking soda solution, and white vinegar are used as cleaning agents to kill bacteria then white vinegar will kill
the most because it has a very high acidity (Evangeli and Tong, 2018). The procedure will then proceed when the
necessary materials are bought and gathered. The first step includes swabbing different areas for bacteria. These
different areas are separated into three categories which are A. table, B. door, and C. sink. These are common areas
in which we clean in our household. It will take around two days for the bacteria to grow. After enough bacteria has
grown, around 5 ml of the cleaners will be dropped onto the targeted bacterial colony. The lemon juice, baking soda
solution, and white vinegar were used. It is expected that the colony will either die or shrink because of these
cleaners. As stated in the hypothesis, it is believed white vinegar will kill the most. From intense observation, it is
concluded that the results support the hypothesis. White vinegar was able to lose 2.3 centimeters from the colony.
Though, it was not completely killed.

F16 What Percentage of Bacteria Do Different Cleaning Solutions Remove
Biology
Anthony Suhocki, Reid Hannan
Westfield High School

The goal of this project was to discover which cleaning solution would effectively and consistently remove one
hundred percent of all bacteria off of a polyvinyl mat surface. Some examples of polyvinyl mats include, wrestling
mats, yoga mats, day car padded mats, etc. All these surfaces experience skin contact and make good breeding
grounds for disease and bacteria such as Herpes Simplex, Mrsa, RingWorm , etc. My partner and I tested a Bleach
solution ( 1 tsp Bleach per 1 quart of water) , a Hand Soap solution ( 1 tsp soap per 1 pint of water), a generic mat
cleaner, and a UV-C light. We tested on our school polyvinyl wrestling mats as we assumed there would be alot of
bacteria. The procedure was to set up a grid ( 2x5 squares with tape) each square being 3inx3in. This way we had
two trials for each solution, we took a before cleaning swab of each square , then after cleaning took another swab.
The incubation process took five days. What we found was each square had between 20-60 colonies of bacteria in it,
thus confirming each square did indeed contain bacteria. Each square after cleaning contained 0-6 colonies of
bacteria so although each method worked some were better. Our hypothesis that UV-C light would work the best
was proven to be correct, as it removed all the bacteria from its original square. But the Bleach and water also
removed all bacteria from its square, showing that the two most effective cleaning solutions for removing the most
bacteria are Bleach and UV-C light. The reason for this is since UV-C rays are the shortest out of all UV rays they
contain more energy that is able to break up the DNA of the bacteria. The Bleach contains Hypocloric acid which
causes the DNA proteins of the bacteria to clump up and die.

Section 6 - Page 49 of 162

F20 Use of Zno +TiO2 to Lessen the Effects of UV on Planarian Regeneration
Biology
Imma Kayzakian
Westfield High School

Planaria are a type of flatworm that is most commonly found in bodies of freshwater. While they look small and
insignificant, they actually hold the key to one of medical science’s most groundbreaking topics; stem cells. They are
identified as having two anatomical ends: the head and the tail. Planarians have a central nervous system with a
brain, eyes, musculature, intestine, epidermis, reproductive structures. Although they live in the water they do not
have gills or lungs they simply just diffusion to obtain oxygen. Their bodies are covered in stem cells which give
them the ability to regenerate when torn apart. This experiment tests the ability of ZnO and TiO2 to mitigate the
negative effects of ultraviolet radiation on planarian regeneration. Introducing regenerating stem cells to these
solutions will make them resistant to UV rays. Being able to create stem cells that are resistant to UV rays could
impact medical science greatly. Although stem cell research is being used in many ways in the medical field this new
research could lead to a cure to skin cancer. This will save millions of lives and eventually be used to create different
kinds of resistant stem cells for medical use. During the experiment, the planaria will be cut in half, placed in
chemical solutions, and exposed to UV radiation. Their heads with two eyespots will be disposed of and their tails
will be monitored for regeneration over a three week period in a temperature and light-controlled environment. After
careful testing and evaluation, the results of the experiment prove the hypothesis; which is, that if planaria are
exposed to ZnO and TiO2 before exposure to ultraviolet radiation then they will have a higher regeneration rate than
the control. The final data showed 5 of 30 control, 13 of 30 Z.

F24 Finger Print Analysis Comparisons
Biology
Colin Sheeran
Bishop Feehan High School

For this year's Science Fair, the topic for this project will be observing different features in fingerprints between
males and females, as well as siblings. This topic was chosen because fingerprint analysis, a category of forensic
science, is a career that the scientist would be interested in pursuing in the future. The scientist will perform this
experiment by collecting left and right thumbprints for forty-five males, forty-five females, and five pairs of siblings.
This way, the scientist has a total of one-hundred test subjects. The scientist will then compare the different features
of each print to analyze the similarity of the two between subjects. This topic applies to the real world because
fingerprints are used in many aspects of society, such as forensic science, smartphone technology, ATMs, and
identity confirmations. This study can prevent identity theft by fraud through fingerprinting, and help advance the
reliability of fingerprinting devices and machines. In addition, criminals can be identified more accurately by their
siblings and relatives if similarities between their prints are found after being compared.
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F25 Minimizing Bacteria in the Thawing and Cooking of Meat (Chicken)
Biology
Amine Chajar, Tuan Nguyen
Excel High School

The aim of our project is to find out which method of meat thawing leads to the least amount of bacteria
contamination. This was conducted by cooking the meat in two different methods to get two different results (
microwave cooked chicken and oven cooked chicken ). Our hypothesis is if we change the method of cooking, then
the number of bacteria increases because after food is cooked and its temperature drops below 130 fahrenheit
degrees, spores germinate begin to grow, multiply and produce toxins, that’s why the number of bacteria sometimes
increases. Meat that was thawed in the microwave showed the most contamination. Our procedure is cooking meat
in a microwave and cooking it in standard oven then we need to make agar plates for bacterial plates and we need to
measure the number of bacteria present in a meat sample. So we are changing the methods of cooking and defrosting
like cooking chicken in the microwave and oven. After we did our experiment and we got different results, we had
three concentrations, 1/10, 1/100000, 1/10000000000. In 1/10 concentration, we got 4900 bacteria colonies in
microwave cooked chicken and 2280 bacteria colonies in oven cooked chicken. In 1/100000 concentration, we got
146 bacteria colonies in microwave cooked chicken and 58 bacteria colonies in oven cooked chicken. In
1/10000000000 concentration, we got 180 bacteria colonies in microwave cooked chicken and 46 bacteria colonies
in oven cooked chicken. Based on the data, we accept our hypothesis because cooking chicken in the oven is the
healthiest way ( less bacteria than microwave).

F27 Role of Protective Species in Inhibiting Virulence Factor in S. mutans
Biology
John Lin
Boston Latin School

Affecting over 2.4 billion people, dental caries is the most prevalent, global disease. Caries is caused by
Streptococcus mutans, a bacteria that produces lactic acid, creating lesions in the enamel. Because of the cost and
ineffectiveness of current treatments, there is a great need for more specific preventative methods against caries.
The study aims to harness the oral microbiome to prevent caries by 1) elucidating the interactions between
potentially “protective” bacteria and S. mutans and by 2) assessing the feasibility of ex vivo models for translational
experimentation. It is hypothesized that protective species inhibit acid production in S. mutans thereby hindering
caries development. Cocultures of S. mutans and protective bacteria were incubated in plates with phenol red as a pH
indicator. Acid production on the plates was analyzed with a microelectrode and ImageJ. To determine biofilm
feasibility on teeth, monocultures of both species were incubated in artificial saliva with third molars. SEM imaging
was utilized to observe biofilm development on teeth.
In the end, the study characterized a novel interaction between the protective species and S. mutans in that protective
species significantly lower acid production in S. mutans. SEM imaging revealed that protective species formed
biofilm in ex vivo models. These findings open the doors to various applications. The discovery that protective
species form biofilms allows for translational studies to measure the impact of protective species on enamel
dissolution. Clinically, the mechanism behind acid inhibition could be developed into a drug, leading to a more
effective preventative measure against caries.
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G2 Essential Oils vs. Bleach: Is There a Cleaner Way to Kill Bacteria?
Biology
Genevieve LeBlanc
Bishop Feehan High School

The focus of my project was to explore whether or not essential oils are equivalent to bleach as a disinfecting
agent. Bleach has been proven to be harmful to the environment, and essential oils, being natural substances, could
be a less chemically damaging solution to this issue. I used tea tree oil and neem oil, which through research I had
discovered were the two essential oils most likely to match the antibacterial qualities of bleach. I expected the tea
tree to be the most effective substance in killing the bacteria. Using nutrient agar plates and E. coli, I tested each
substance on the same bacteria and incubated them at 37 degrees Celsius, observing results for two days. At the end
of my experiment, the neem oil was ineffective, the tea tree oil was effective, but did not spread out at all, and the
bleach was very effective and spread out, killing more bacteria. From this I concluded that the tea tree, being
somewhat effective, could be used as a cleaner, and that the bleach, being very effective, remains the best
antibacterial solution to eliminating the E. coli bacteria strain.

G5 Testing the Effects of Sucrose on a Drosophila Model of Alzheimer's
Biology
Charlotte Aslett
Newton Country Day Sch/Sacred Heart

In this experiment the question, will an excess amount of sugar administered to Drosophila Melanogaster create
a disproportionate amount of beta-amyloid proteins in the brain, resulting in Alzheimer's disease, was tested. Many
researchers hypothesize that those who have an increased amount of sugar in their diets are far more likely to
develop Type II Diabetes, and thus their chances of developing Alzheimer’s Disease increases. From this
background research the hypothesis, if the amount of sugar is increased in the diet of Drosophila Melanogaster, then
it will lead to an excess amount of beta-amyloid proteins in the brain. Some researchers hypothesize that the
unbalance of sugar in the Drosophila Melanogasters’ diets will remove the insulin-sensitive degrading enzyme that
destroys the beta-amyloid proteins, thus leading to Alzheimer's disease, was developed. The scientist conducted a
series of crosses between four genotypes: UAS AB 42 (A6926), SevEP gal 4 gal 4, ninaE GMR, UAS AB 42
(D694N). After all the crosses were conducted on different conditions, Sucrose and Water, the scientist conducted a
blind data collection in which the Drosophila’s eyes were examined for abnormal size. The crosses between the UAS
AB 42 (A6926) + SevEP gal 4 and UAS AB 42 (D694N) + ninaE GMR on Sucrose had extremely high percentages
of abnormal eyes, while the cross SevEP gal 4 + UAS AB 42 (A6926) and stocks SevEP gal 4 along with UAS AB
42 (A6926) had significantly higher amounts of regular eyes. The scientist concludes that the hypothesis was
supported as Sucrose increased the amount of neuron death within the Drosophila’s eyes thus suggesting that
Sucrose leads to increased beta-amyloids in the brain.
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G10 Rain Nets: A Solution to Water Inefficiency in Agriculture
Biology
Michelle Olofsson, Claire Lawrence
Lexington High School

As climate change continues to negatively impact our environment it is more critical than ever to focus on
moving towards greener water conservation methods within agriculture. Today, around 80% of total water
consumption within the United States is a result of the agricultural process. Much of this can be accredited to the
inefficiency of irrigation methods currently used. This experiment attempted to answer the question of whether a
new green method of water conservation, the rain net, is effective in increasing growth with less water. Two types of
grasses, one cold season and one warm season, were left to grow for 12 days in two different environments (a control
group and experimental with a model rain net). After the 12 day period the dry mass was analyzed. It was predicted
that there would be a significant increase in mass in the experimental set up for both warm and cold season grasses.
The data showed a significant increase in height between the cold season grass, although the mass did not. However,
considering qualitative observations like difference in color and water usage along with experimental sources of
error this seems to indicate positive results on behalf of the rain net. In continuing this research more trials should be
conducted in order to decrease sources of error and obtain more comprehensive results.

G13 Effect of Different Scar Treatments on Myofibroblast Contraction
Biology
Kristine Le, Sophie Munn
Lexington High School

The medical and cosmetic complications that arise from scar tissue has been a prevalent issue since the
beginning of modern medicine. To counter scarring, many companies have developed over-the-counter treatments,
such as Mederma (allantoin as active ingredient), ScarAway (silicone). People have also popularized some home
remedies, such as aloe vera and vitamin E. However, their efficacy based on the amount of contraction of
myofibroblasts certainly varies, and may be largely responsible for scar formation. The hypothesis claims that the
Mederma® and ScarAway® treatments will reduce the contraction of the myofibroblasts more effectively than
vitamin E and aloe vera treatments. This is because the over-the-counter treatments will be more aggressive in
targeting myofibroblast contraction processes.This project utilized FPCL, fibroblast-populated collagen lattice
model, in which myofibroblasts were embedded in a collagen gel lattice and treated with solutions of vitamin E, aloe
vera, Mederma and Scaraway. Over the course of 2 weeks, the treated myofibroblasts shrunk the lattice as a result of
cellular contraction. The contractile forces of the cells were indirectly measured by the changes in gel areas. The data
collected showed statistically significant differences between the home remedies (aloe vera and vitamin E) and the
over-the-counter treatments (Mederma and ScarAway), proving the home remedies to be more effective in
preventing collagen gel contraction. Analysis of these popular scar treatments has the potential to be useful to both
the common public for cosmetic reasons, as well as medical doctors who treat patients with severe and problematic
scarring.
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G16 Knockout of AHNAK2 in Pancreatic Cancer using CRISPR/Cas9 Technology
Biology
Daisy Wang, Katherine Gu
Boston Latin School

Purpose: AHNAK Nucleoprotein 2 (AHNAK2) has been shown to be a cancer biomarker in Pancreatic Ductal
Adenocarcinoma (PDAC), commonly known as pancreatic cancer. The goal of this study was to utilize
CRISPR/Cas9 technology to genetically modify the Capan-1 cell line modeling PDAC to knock out AHNAK2. The
removal of AHNAK2’s impact on cancer presence would be observed, which will help researchers understand its
role in pancreatic cancer and measure the potential of CRISPR/Cas9 as a cancer treatment.
Method: Removal of AHNAK2 expression was developed in multiple steps (transformation, transfection, infection,
and then selection). Throughout the experiment, sgRNA coding instructions were inserted into its respective
plasmid, then followed by the transfection of HEK-293 cells with packaging plasmids and Cas9 to create a virus.
Next was the infection of Capan-1 cells with the recombinant virus, then drug selection, and verification. The
experiment ultimately created a recombinant DNA virus genetically modified to eliminate all AHNAK2 gene
expression in PDAC cells. This ongoing research recently integrated Cas9 into the Capan-1 cells, and will begin the
insertion of sgRNA that will cut and remove AHNAK2.
Conclusion: Due to time constraints, the experiment is still running. The intermediate results demonstrate the Cas9
enzyme is present in the Capan-1 cells, which demonstrates the sufficiency of the enzyme’s abilities to remove
AHNAK2 gene expression after predesigned sgRNA is inserted. There is hope that the CRISPR Knockout
mechanism can identify all significant cancer markers in PDAC; this information is vital to the genomic industry,
helping pharmaceutical companies and medical institutions alike to ameliorate complications from different cancers.

G22 RNA Editing of AMPA Receptors in Squid Nervous Tissue
Biology
Sama Zaman
Falmouth Academy

Cephalopods are known to undergo RNA editing at over 60,000 sites, far more frequently than humans. RNA
editing, which occurs after transcription, plays an important role in modifying genes. This process involves an A-G
base change in specific locations of the pre-mRNA, thereby altering the protein that gets coded, allowing for
multiple expressions of a single gene. In humans, the Q/R site in GluA2 normally gets edited, however lack of
editing can lead to ALS, a neurodegenerative disease that kills motor neurons. To observe RNA editing, three
nervous tissues in Doryteuthis pealeii were analyzed: stellate ganglion, optic lobe and vertical lobe. To conduct the
experiment, the squid was dissected to extract tissues. RNA was extracted with a TRIzol/chloroform mixture. The
RNA was quantified using a spectrophotometer, then converted to cDNA. The cDNA products were amplified with
PCR, then examined and purified with agarose gel electrophoresis. After, the DNA was sent for sanger sequencing.
The results showed percentage of an A-G change at each editing site in the sequences, for each tissue. Later, the
amino acid change and codon number were determined, to align the edited squid AMPA codons to rat AMPA
codons, which was later mapped onto a rat AMPA model. By finding editing locations on an AMPA model, this may
help show how editing at this site may relate to the receptor’s function. Through this, finding the squid’s editing
methodology could help identify ways to modify human RNA editing, which may ultimately benefit patients with
ALS.
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G24 Cultivating Cacti: Optimizing Future Life for Cacti
Biology
Arianna Guinto
Assabet Valley Vocational High School

Wild cactus plants are currently becoming more endangered. Immediate attention is needed in order to help
solve this unfortunate problem. For this experiment, twelve moon cacti were used to represent cacti that are
endangered and they were given bone meal fertilizer and water to see which amount results in the most growth by
measuring the height. The previous experiments that have to do with this concept have not shown how fertilizer may
be able to help cacti that are becoming endangered. Bone meal and water in different amounts was given to each
plant to see which gives the best growth reactions. Plants received 30 ml, 60ml, 150ml, or 250ml of water. They also
received 0.5g, 1.5g, 2g, or 2.5 g of bone meal. The experiment was run for twenty days and they were given bone
meal every twenty days. The water for cacti was given to them when they dried out. It was found that 150 milliliters
and 0.5 grams of bone meal gave the largest growth change in the cacti. This optimized combination may provide
cacti cultivators with a protocol to improve cacti growth. Cacti that are becoming more endangered need attention
and fertilizing may be a solution to the problem.

H6 Effect of Pollution on Plants

Biology
Camila Fonseca Rojas, Ergina Agastra
Excel High School
The question that we will be answered in this paper is does pollution affect the health of the plants? The purpose
of this experiment is to conclude whether or not different types of pollution affect the growth and the rate of
photosynthesis. This experiment will hopefully be a wake up call to those who contribute to the amount of pollution
in this world. We had 3 hypotheses considering we have 3 different variables to test on. One of the hypotheses are if
we increase the smoke level, then the rate of photosynthesis and growth would decrease, second hypothesis is if we
increase the oil level in soil, then the rate of photosynthesis and growth would decrease, the last hypothesis is if we
increase the vinegar level, then the rate of photosynthesis and growth would decrease. Overall this experiment was
fairly easy to set up since we bought already grown plants and provided each plant with the variables. Our results
were fairly predicted and some data was also surprising for both growth and the rate. Therefore our hypotheses were
partly accepted and partly rejected.
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H7 Does Adding Waste Coffee or Cocoa to Soil Improve Vegetable Growth?
Biology
Lavanya Goel
Prospect Hill Academy Charter School

Both cocoa nibs and coffee grounds are waste products from the food and beverage industry. However, with all
the issues our planet is facing today, it is necessary we don’t overlook the importance of any resources because we
don’t have materials to waste. Could we use cocoa nibs and coffee grounds in gardening as many other food wastes
are used? In an attempt to understand the impact of coffee grounds and cocoa nibs on vegetable plant growth, I
decided to ask the question: Will the addition of waste coffee grounds or cocoa nibs to soil inhibit vegetable plant
germination or growth? I hypothesized the addition of coffee grounds or cocoa nibs would inhibit vegetable
germination because the amendments would negatively alter the pH and nutrient balance of the soil for many
vegetables. To test this hypothesis, I prepared six treatments to test zucchini and green bean germination: a high and
low concentration of caffeinated coffee grounds, one concentration of decaffeinated coffee grounds, one of cocoa
nibs, one with a caffeine solution, and one control treatment with just soil. We watered them every other day and
finally collected data after 11 days on soil pH, N, K, P and the number of sprouts per cell, amount of mold and
height above or below the benchmark. Based on the conditions of our study, my hypothesis was not supported. There
weren’t strong results showing the effect of the addition of cocoa nibs and coffee grounds as positive or negative, the
effects varied between plants. Therefore, these waste products can be used in gardens rather than thrown away
because this way, they won’t hurt your plants or the planet. Further research could be done by adding higher
concentrations of treatments or observing the plants for more time to see more impactful results.

H10 The Effect Of EGCG On Tumor Growth In Planaria
Biology
Fariha Fardin
Hopkinton High School

Cancer, an epidemic today, is the second leading cause of death in the US. Carcinogens including tobacco,
ultraviolet light, silica dust, or even the Round-Up, a very common weed- killer in everyone’s garage, can cause
cancer. In this project, Planaria, a flatworm, was utilized to evaluate the exposure of Round-Up on the regeneration
of Planaria, and the effect of the epigallocatechin gallate (EGCG) as a health-beneficial polyphenol to prevent and
modulate the growth of cancerous tumors probably by inhibiting the function of neoblasts.
In this study, 100 planaria were divided into 5 equal groups where different groups were treated with only water,
with EGCG followed by water, with EGCG followed by Round-Up (mimic prevention), with water then EGCG, and
with Round-Up followed by EGCG (mimic cure) over 4 weeks.
The healthy regeneration of experimental Planaria was 100% with only water (control) whereas it was 90% and
95%, respectively, when treated with EGCG initially followed by Round-Up and vice versa. The regeneration was
significantly faster when the planaria were treated with EGCG than compared to just the green tea. EGCG was more
effective as a cure than prevention, but both were very effective regarding regeneration.
After exposure to EGCG, the planaria showed no sign of tumor as the polyphenol is preventing and eliminating the
cancerous cells. It can be determined that EGCG has a role in the antimutagenic activity of green tea. From this
study, it can be proven that EGCG has the most potent antiproliferative effects in green tea and significantly
prevented and cured the planaria of a malignant tumor. Data from this study provides clues for future semi-synthesis
of epigallocatechin gallate derivatives to develop novel anticancer agents in the future.
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H17 The Cardiac and Gastrointestinal Safety of Supplements on Parkinsons
Biology
Shakaani Nasankar
Pioneer Charter School of Science II

This science fair project explored the cardiac and gastrointestinal impact that supplements had on the second
most common neurodegenerative disease, Parkinson's Disease (PD). PD is primarily caused by the neurons dying in
the substantia nigra thus reducing the production of dopamine which controls the movement of the body. This results
in bradykinesia, fatigue, neuron inflammation, oxidative stress, free radicals, and neuronal mitochondrial
dysfunction. Moreover, the production of norepinephrine is reduced thus causing issues with involuntary actions
such as heart rate and blood pressure. With the lack of effective drugs, doctors started to also recommend
supplements to reduce inflammation, stress and to produce more dopamine. However, U.S. FDA and other
companies have not identified the supplements of being safe for a PD patient’s body. A recent study reported that,
96% of patients with Parkinson's over the age of 50 years have complained of cardiac and gastrointestinal problems.
In this experiment, Daphnia Magna represented a Parkinson patient. The supplements: CoQ-10, Alpha Lipoic Acid,
Vitamin D, Curcumin and all of their combinations were tested on Daphnia Magna and the change in the heart rate
was recorded and analyzed in normal stress levels and elevated stress levels. The Kirby Bauer test was used to see
the zone of inhibition that the supplements created on a petri dish inoculated with L. Acidophilus and MRS Agar. It
was concluded that all the supplements are safe for the cardiac and gastrointestinal systems with CoQ-10 being the
safest, but Vitamin D should be used with caution.

H18 Homeopathic Remedies for Parkinson's and Alzheimer's in C. elegans
Biology
Raaga Pulya, Jacqueline Farrington
Acton-Boxborough Regional High School

Parkinson’s disease occurs because of oxidative stress (Hwang). Oxidative stress can also cause lewy bodies.
The Amyloid cascade hypothesis predicts that increased production, aggregation and accumulation of Amyloid-β
lead to senile plaques, neurotoxicity and the clinical symptoms of Alzheimer’s Disease. Turmeric increases the
dopamine and serotonin production. Ginkgo Biloba increases the dopamine production. Ashwagandha increases the
norepinephrine production. Honey is known to have anxiolytic, antidepressant, anticonvulsant, and antinociceptive
effects. The effects of honey on the expression of β-Amyloid was measured by observing the progressive paralysis of
the nematodes and the expression of the Glow Fluorescent Protein. The glow test was inconclusive, because of mold
growing in our plates (it also glowed). To test the levels of oxidative stress, we counted the number of movements of
10 C. elegan worms for 3 trials. We also tested the time (sec) between the 1st and 10th movements for 10 worms of
3 trials. In the test for Parkinson's, turmeric showed to be the most effective (most improved movement). In the test
for Alzheimer's, honey was shown to be the most effective (least paralysis).
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H19 Infant Rat Brain Volumes After Prolonged Morphine Administration
Biology
Mairead Baker
Boston Latin Academy

Critically ill neonates are treated with morphine for prolonged amounts of time in order to ease pain, stress, and
anxiety. This can lead to opioid dependence, tolerance, and withdrawal. Although these effects are known, there is
not enough research on the effect of prolonged morphine exposure on the brain itself. This project sought to
determine the immediate effect of prolonged morphine exposure on the regional volumes of infant rat brains. It was
hypothesized that there would be a significant decrease in volume in the brain as a whole, the forebrain, the
cerebellum, and the brainstem, as preliminary data suggests that there is a decrease in these structures with
prolonged morphine administration in human infants (Mongerson et. al., 2019). Thirty-six T2-weighted MRI images
of infant rat brains were segmented using the computer program ITK-SNAP. This program allows for the
segmentation of different regional structures [Forebrain (Cerebral Cortex, Deep Gray Matter, Hippocampus),
Cerebellum, and Brainstem]. After segmenting each slice, a three-dimensional image is formed of the brain, from
which volumetric data can be extracted. Statistical tests were run on the results, and it was found that there is a
significant decrease in absolute regional brain volume structures in infant rats exposed to morphine for a long
amount of time vs. naïve or saline-treated pups. There was also a significant decrease in normalized regional brain
volume structures in infant rats exposed to morphine for a long amount of time vs. naïve or saline-treated pups,
except for one regional structure, the brainstem. This data can be used in future studies regarding adult rats to
determine the long-term effects of prolonged morphine exposure. Moreover, this data may translate to human
infants.

H25 Enterobacter Cancergenus Isolate
Biology
Sarrah Naittalb, Rim Bozo
Pioneer Charter School of Science

In our project, we were able to characterize and identify an unknown 16s RNA gene originating from the
Charles River. The process of undergoing Polymerase Chain Reaction resulted in multiple amplified and copied
versions of one strand from the unknown DNA. The separating of amplified fragments by length and collection of
DNA fragments occurred through Gel Electrophoresis. The genetic sequence obtained from these two processes was
then run through the BLAST software where our results complemented a known bacteria strain by 99.48%. The
genus and species that our bacteria strain turned out to be Enterobacter Cancerogenus Isolate.
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H28 "Water" the Most Efficient Water Purifiers?
Biology
Juliana Rush, Emma McSweeney
Stoughton High School

In the project “Water the Most Efficient Water Purifiers?” research was conducted to experimentally test the
bacteria killing effects of the sun, using a method called solar water disinfection or SODIS. It was hypothesized that
if one compares the microbial properties of the sun and a UV-C lamp, then the UV-C lamp will better reduce the
presence of coliform and other bacteria in pond water. This is due to the fact that the water samples are positioned
much closer to the UV-C lamp than to the sun, so the UV-C rays will have a more powerful effect on the
microbiological contents of the water. Additionally, it was predicted that the UV-C lamp would work more
efficiently, because it can be used on cloudy days and requires a shorter exposure time. This idea was tested with an
emerging method for water disinfection called SODIS (solar water disinfection). Five bottles of the initial water
sample were divided into plastic PET water bottles, which are specifically used for SODIS because the sun’s rays
can pass through the layer of plastic. The water samples were placed into an aluminum box in order to mimic an
aluminum roof, and then left to be treated by the sun for 8 hours. The same procedure was repeated on a second day
to ensure the results were consistent. The results of the SODIS method were compared to the effect of a UV-C lamp.
Five other bottles of the initial water were placed below a UV-C light, and treated for 4 hours. The water was tested
using a dipslide that checked for the presence of bacteria and coliform. From the results, it was concluded that both
the SODIS method and UV-C lamp worked to kill general bacteria in the water, as the bacteria count decreased in all
methods. However, there were not conclusive results in the killing of coliform.

J2 Freezing Viability on Horseshoe Crab Embryos and Gametes
Biology
Chloe Lawson, Margaret Crofford
St. John Paul ll High School

The purpose of this experiment is to determine the annual fertility rate of horseshoe crabs in order to predict
changes in population levels. There is a major issue in the horseshoe crab population due to its major impact and
importance on the world's economy, biomedical fields, and ecology. For these reasons this species of crab is now a
threatened species, meaning that the population is at risk for becoming endangered. In order to conduct this study,
horseshoe crab gametes were extracted from multiple female horseshoe crabs, eggs were fertilized, and then finally
monitored over 32 days to determine the horseshoe crab fertility rate (percent of eggs hatched). Fertility rates were
found to be about 2% hatched each day. Determining the fertility rates will allow us to protect the threatened species
and manage this important ecological and biomedical resource.
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J6 The Effect of Bacteriophage Dilutions on E. coli
Biology
Kayla Parrett
Taunton High School

This experiment explores the effect of varying dilutions of bacteriophages on E. coli K12 cultures. Due to the
increase in drug-resistant bacteria, medical researchers are experimenting with the use of bacteriophages in treating
human bacterial infections. Bacteriophages may be a potential solution because, unlike antibiotics, they are designed
to be “bacteria-eaters” and are able to break down the protective capsule surrounding drug-resistant bacteria. From
there, via the lytic cycle, the bacteriophages infiltrate the cell and reprogram it to produce the bacteriophage’s
genetic sequence. They also cause the cell to make proteins which destroy the cell wall. As a result, the cell wall
bursts, and the bacteriophage genes are set loose to invade neighboring cells. The more viruses there are, the faster
they can take over a bacterium. Hypothesis: If an E. coli culture is given a 10-6 dilution of T4r bacteriophage then it
will produce more plaques than E. coli cultures with a higher dilution such as 10-10 applied.
The dependent variable is the number of plaques formed (dead E. coli) and the independent variable is the strength
of the bacteriophage dilution. To test the dependent variable, the bacteriophage dilutions were poured over E. coli
plates and in five days the plaques were counted. The number of plaques decreased significantly as the dilution
increased from 10-6 to 10-10. This trend occurred in all three trials, with only one inconsistency. The data supports
the hypothesis because the lower dilutions produced more plaques.

J7 How do Pesticides Affect the Regeneration of Planarians
Biology
Ollaya Krikib
Boston Latin Academy

Planarian, more specifically Brown planarian have an extremely high concentration of neoblast stem cells and
cause the planarian to have some of the most reliable regeneration powers. This leads them to be one of the most
commonly used models to test for things such as toxicity and for learning more about stem cells. Using planarians as
a model for how things such as pesticides may affect regeneration can model how pesticides will affect other stem
cell heavy creatures such as for example an early stage embryo. This experiment which tested how pesticides affect
the regeneration of planarians was split into two main parts. The first part observed how much pesticide to add for
the rest of the experiment. It was found that a concentration of 0.001% Pesticide was ideal for this experiment
causing changes to the planarian but not leading to immediate death. The second part of the experiment was two
groups, the control and the experimental group. In the experimental group the planarians were exposed to a
concentration of 0.001% pesticide.This experiment showed that planarians regeneration are affected by pesticide by
delaying the regeneration time. In the three trails run of this experiment it is clear that the pesticides delayed
regeneration time by quite a bit. The planarian is an amazing modeling organism and can model how other stem
cells, such as embryonic stem cells may be affected by these pesticides.
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J10 Effects of Hurricane Induced Increased Salinity on Agricultural Crops
Biology
Bowen Tan
Falmouth Academy

In recent years, there have been more hurricanes in areas like the Atlantic Coast, the Gulf of Mexico, and the
Hawaiian islands, which is a phenomenon directly related to climate change. Hurricanes bring potential threats to the
agricultural industry in coastal areas. The purpose of this project is to test the effect of hurricane-induced high
salinity ocean surges on agricultural plants during different stages of growth. It was hypothesized that high salinity
would negatively affect all stages of plant growth: germination, seedling, flowering, and seed production. Fifty
standard plants were grown from seeds obtained from Wisconsin Fast Plants. The plants were exposed to NaCI
solutions at different times. Their plant height and leaf length were measured every six days. Seeds exposed to
saltwater during germination sprouted twelve days late with a 70% germination rate compared to 100% in the
controls. Three out of ten plants survived till day thirty-six but grew abnormally slow. Plants exposed to saltwater as
seedlings decreased in height and leaf length, none developed flowers. The average height for plants exposed to
saltwater during flowering was 15 cm compared to 24 cm from controls. Plants exposed during flowering decrease in
plant height and leaf length after contact with saltwater and none developed seeds. Plants exposed to saltwater during
seed production didn’t shrink in height, yet their leaf length decreased and they produced fewer seeds. Plants were
negatively affected by exposure to saltwater (mimicking a hurricane-induced ocean surge), regardless of the stage of
development. The hypothesis was supported.

J12 Exploring the Effects of E-Cigarettes Using Drosophila Melanogaster
Biology
Aditi Dosi
Shrewsbury High School

Although the number of deaths relating to vaping in the United States is rising, the specific cause of death
remains unidentified. Therefore, it is crucial to determine what long term effects vegetable glycerin (VG) and
propylene glycol (PG), two of the main non-nicotine components in e-cigarette aerosol, may have. Discovering that
these components may have harmful effects when tested on a model organism, the common fruit fly (Drosophila
melanogaster), may suggest similar effects seen in humans. In this study, the number of offspring, changes in
behavior, and phenotypic mutations in fruit flies were observed for the parent, F1, and F2 generations after the
parent generation was exposed to one of four treatments. These included: a 50% PG to 50% VG aerosolized solution,
a 30% PG to 70% VG aerosolized solution, a 70% PG to 30% VG aerosolized solution, or no solution (control
group) using a nebulizer for 18 seconds each day, for two days. Upon conclusion of the study, it was found that each
of the experimental groups had fewer offspring than the control group. A two-sample T-test (α = 0.05) was used to
find that the size of the flies in the F1 generation were statistically significantly smaller in ⅔ of the experimental
groups when compared to the control group. Furthermore, it was observed using a two-proportion Z-test (α = 0.05)
that in ⅔ of the experimental groups in the parent generation, and all experimental groups in the F1 generation were
statistically significantly more likely to develop at least one phenotypic mutation than the control group.
Additionally statistically significant changes were seen in activity patterns and reflex immediately after exposure.
Overall, it is probable that exposure to aerosolized VG and PG is dangerous and a cause for major concern.
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J16 The Effect of Antioxidants on Crown Gall Disease in Plants
Biology
Mia Blennau
Taunton High School

Turmeric and beta carotene, two antioxidants, have been known to have many benefits. Antioxidants prevent
oxidation. This is a natural aging process that can damage cells and lead to disease. The purpose of my experiment is
to test the effects of antioxidants on crown gall disease in plants. The hypothesis for the experiment is if carrots
treated with antioxidants are exposed to Agrobacterium tumefaciens than the tumor growth on the pericycle will be
smaller. Crown gall disease causes tumor growth on the pericycle due to the soil-borne bacteria Agrobacterium
tumefaciens. This bacteria was inoculated on all carrot samples prior to any experimentation. In this experiment,
there were five solutions used; water (the control), a 1% turmeric solution, a 10% turmeric solution, a 1507mcg beta
carotene solution, and a 151mcg beta carotene solution. My experiment measures the width of the carrots’ pericycle
to determine if there was an increase in tumor growth, decrease in tumor growth, or indicate no evidence of tumor
growth, after exposure to turmeric, beta carotene, or water. Measurements were taken on day fourteen and day
sixteen of the experiment. The data from the experiment supported the hypothesis. Additionally, the results indicate
that higher concentrations of antioxidants produced smaller tumor growth on the pericycle. These results are
significant because if antioxidants can reduce tumor growth in carrots, a safe method could be used to minimize the
effects of crown gall disease in plants.

J17 Investigating the Impact of Serum on the Growth of TM7x and Host XH001
Biology
Alice Khomski
Boston University Academy

Nanosynbacter lyticus strain TM7x is an ultra-small, parasitic bacterium that lives on the surface of host
bacterium, Actinomyces odontolyticus strain XH001. Studies have shown a considerable increase in TM7x
abundance in patients with periodontal disease. Interestingly, reports have also evidenced increased flow of gingival
crevicular fluid (GCF) during periodontitis. Thus, the prevalence of TM7x during periodontal disease may result
from attraction to GCF. However, GCF is not commercially available for testing. Since its composition is similar to
that of fetal bovine serum (FBS), FBS was tested instead. The objectives of this project are to determine whether
FBS promotes growth of TM7x and XH001, and to develop the optimal culture medium for these microbes.
TM7x/XH001 co-culture and naïve XH001 monoculture were separately cultivated in media (RPMI and FMC)
supplemented with FBS. Cultures grown in the same, non-supplemented media served as control samples. Serial
dilutions were performed and spotted onto plates at several time points, and samples were quantified in colonyforming units (CFU)/mL. 2% FBS FMC induced a significant increase in growth of co-culture and monoculture
samples as compared to control FMC (p = 0.0140 and p = 0.0424 for the co-culture and monoculture, respectively).
Furthermore, microscopy revealed a heightened presence of TM7x in FBS-supplemented media in comparison to
control media. These findings signify that FBS is an effective supplement to RPMI and FMC, which both support the
growth of TM7x and host. Overall, the utilization of these media with FBS can ensure optimal cultivation of TM7x
for investigation of its pathogenicity.
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J20 Using Synthetic Biology to Manipulate Bacteria Growth and Smell
Biology
Georgia Gonzalez
East Boston High School

In this experiment,the growth of the bacterial species E.coli ,was traced as it inhabited the liquid growth
medium Luria broth throughout the lab duration.With the data collected in the lab,a growth curve was created on the
spectrometer detailing the behavior of the bacterial population in the cycle. Materials and methods of 10 ml of Luria
Broth media was transferred into 15 mL conical tubes followed by pipetting 10 micro-liters of 4 different e coli
strains into 12 conical tubes which were then incubated for 3 to 4 hours.The 4 E coli strains were pipetted into
cuvettes and placed into the spectrophotometer. From this experiment I have learned that different genes can directly
affect growth regulation in e coli cells.Strain 1-4 in particular had the highest average absorbance rate which is
measured from the amount of light and wavelength patterns of the sample cuvette.As a result I have found that the
importance of observing bacterial growth curves can be helpful in determining the rate at which certain bacteria
grow and can be helpful in determining how fast bacteria can degrade certain materials.

J25 The Impact of Black Sesame Pigment on Alzheimer's Disease
Biology
Alexandria Bauer
St. Mark's School

Alzheimer’s Disease (AD) affects over 3 million people each year in the United States alone. It is a
neurodegenerative disease that destroys memory and quality of life. There is currently no cure or preventative
measures that have been scientifically proven. Currently, we do have ways to determine early-onset AD by finding
genetic risk-factors such as the ApoE-4 gene. Black sesame seeds have countless proven health benefits that can help
with your cholesterol, blood pressure, blood sugar, inflammation, blood cell formation, immune system, and thyroid.
According to a study done in 2018, black sesame seeds can also help to inhibit the aggregation of Amyloid-Beta
(AB) in the brain. I was able to take the results of this in vitro study and transform it into an in vivo study with
Drosophila melanogaster that are predisposed to overexpress Amyloid-beta. I found that, on average, the drosophila
that was fed a 10% concentration of the black sesame pigment was more likely to remember the association between
MCH and vortexing over a longer period of time. About 50% of the drosophila would choose OCT. In comparison,
the drosophila that was not given any black sesame only had about 38.5% of the drosophila chose the OCT scent.

K1 Gravitropism in Plants and Implications for Growing Plants in Space
Biology
Malvika Iyer
Lexington High School

As humans continue to push the limits of what is possible, we begin to venture outside of our own world and
make our way into the uncharted territories of other planets. One plaguing issue that keeps arising is how we will
feed ourselves when so much of what we rely on to eat isn’t available. Studies of plant germination and
morphogenesis is a hot topic of current research, and this project looked at a very specific aspect of plant growth in
space; how plants will be able to cope with the microgravity that is present in outer space. I predicted that plants,
despite their orientation will be able to maintain a strong primary growth, however their secondary growth would be
affected due to changing amyloplast sedimentation. To observe this, Wisconsin FastPlants were planted and oriented
in different ways (on their side, rotating, etc.) Their height was measured every day for 10 days (the approximate
time for germination and young shoot growth) and an average rate of growth was calculated, as well as a mortality
rate. Their overall health was also noted i.e. how feeble or strong they looked. From the experiment, it can be
concluded that plant germination is not affected by the direction of gravity, but rather the directional consistency of
that gravitational stimulus. This can help scientists aiming to study how plant germination will be affected by the
microgravity of space. While plant growth will definitely be altered, learning about the effects of microgravity will
prove to be valuable when we attempt to recreate life in alien conditions.
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K5 The Effect of Preadult Methionine Supplementation on C. elegans
Biology
Katherine Schmalz
Wachusett Regional High School

The role of methionine during development has not been explored, despite methionine’s implication in the
pathogenesis of kwashiorkor, a type of edematous protein malnutrition largely affecting children in developing
countries. The purpose of this experiment was to determine if preadult methionine supplementation affected
adulthood cognition and reproduction in C. elegans. It was hypothesized that if larvae were fed NGM supplemented
with L-methionine, then their learning and memory would improve, and their reproduction would increase. These
effects may be inherited by the offspring.
Larvae were raised on NGM containing 0mM, 5mM, 10mM, or 20mM of methionine. Parental adults and offspring
were raised on 0mM methionine. The number of eggs produced by adults were counted. Worms were taught a
positive association to butanone in a short term memory assay.
The results suggest that parental preadult methionine supplementation affects cognition and reproduction, as
supported by t-tests. As methionine in the parental larval diet increased, the parental reproduction increased, while
the F1 reproduction decreased. The learning and memory of the parental worms improved with 5mM and 10mM
methionine, while 20mM did not result in significant improvement. Methionine supplementation affects sadenosylmethionine (SAM) production in one-carbon metabolism. The results observed may be explained by
alterations to DNA methylation due to SAM level changes. Cognition may be improved by an alteration to axonal
myelination through DNA methylation. Reproduction results may be due to DNA methylation changes impacting
stress responses, regulating gene expression, or other metabolic processes. Inherited epigenetic modifications can
have a differential effect in the offspring.

K12 Ph Preference: Will Fruit Fly Gender Change It?
Biology
Becca Turgeon
Assabet Valley Vocational High School

Fruit flies are the pests of the home, but they serve a large purpose in science as well. The pH preference of fruit
flies can help scientists to better understand why this organism, which is already a perfect model organism for
humans choose their specific pH. Not much is known about the difference in gender of fruit flies, certainly not their
pH preferences. Because of this, scientists can not draw conclusive points with their evidence when applying to
humans. Gender has a whole different set of importance, so they can not treat them the same because their
components are different. Many scientists struggle to draw specific conclusions from their research when applying to
humans because their information does not apply the same for both males and females. This test was to fill in the
missing pieces that scientists failed to research. To actually test the difference between the two genders, it was
important to use separate chambers. Using three liquids of different pH the fruit flies were tested individually on
their food choices along with their time, followed by putting together data to figure out how different the two
genders taste receptors are. This research can further be used to continue studies for humans or to start developing a
more prominent idea that male and female are not the same and both genders need more research proven to really
understand and what both genders need.
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K14 Jump Kinematics and Kinetics of Agility Dogs
Biology
Caitlin Corkeron
Falmouth Academy

This study focused on the kinematics (movement and motion) and kinetics (force exerted) of competitive agility
dogs. A total of 42 individual dogs were videotaped jumping over two consecutive jumps during standard agility
courses. Handlers ran their dogs three times. Information on height, weight, age, breed and front right paw size was
collected. The videos were analyzed using Dartfish360 software to measure angles of take off, mid jump and
landing, duration and time of the jump, distance travelled and pressure of landing. A correlogram was run to
examine the relationship between all variables. Results showed no relationship between angle measurements and
other variables, suggesting that dogs have individual jumping styles not affected by their age, height, weight or
breed. There were significant positive correlations with jump height and distance, time and weight, suggesting that
heavier taller dogs tend to jump further and take longer than smaller, lighter dogs. A significant negative correlation
was found between age and weight as well as jump height, showing that the only older dogs involved in competitive
agility are smaller and lighter. There was no significant relationship between pressure of landing and the other
variables. A Kruskal Wallis test showed a significant difference between breeds and jumping distance. Border
Collies jumped further than German Shepherds and Chihuahua’s jumped further than King Charles Cavaliers.
Overall, this methodology provided a valuable look at the kinematics of agility dogs, though more accurate
measuring methods are needed to understand their kinetics better.

K17 Antibiotic Resistance & A New Hope
Biology
Gonzalo Anyosa-Galvez
Cambridge Rindge & Latin High School

Unfortunately, nearly all antibiotics have contributed to the development of resistant microbes. Multidrugresistant infections have high mortality rates and financial costs. The need for novel antibacterial therapies has led to
the investigation of natural products as antimicrobial agents. Essential oils are oils containing volatile aromatic
compounds from plants and there is evidence that some herb-based essential oils have antibacterial properties.
Therefore, we hypothesized that the essential oils of thyme and oregano would inhibit the growth of antibioticresistant bacteria. To test the effects of the essential oils on antibiotic-resistant bacteria, separate strains of
Escherichia coli (E. coli) containing a single plasmid with a gene resistant to either streptomycin, chloramphenicol or
carbenicillin were used. The susceptibility of antibiotic-resistant bacteria to the antimicrobial actions of the essential
oils of thyme and oregano were tested using the disk diffusion method. Based on our results, both thyme and
oregano oil inhibited the growth of all three strains of antibiotic-resistant bacteria. Next, we investigated whether
there was a synergistic, additive or antagonistic interaction between the antibiotic (streptomycin, carbenicillin or
chloramphenicol) and the essential oil. Antibiotic-resistant bacteria were grown on agar with and without the
selective antibiotic and the disk diffusion method repeated. The presence of the selective antibiotic in the agar had no
effect on the antimicrobial properties of the essential oils of thyme and oregano. We conclude that the essential oils
of thyme and oregano demonstrated significant antimicrobial activity against antibiotic-resistant bacteria and thus
represent a novel treatment for resistant infections.

Section 6 - Page 65 of 162

K19 The Effect of Ecdyseriods on Planarian Regeneration
Biology
Marissa Pratt
Wachusett Regional High School

The purpose of this experiment was to test the effects of the naturally occurring steroid ecdysteroid, found in
spinach,on planarian regeneration. Ecdysteroids are thought to have the same effects as synthetic steroids, thereby
providing an unfair advantage to professional athletes. The Freie Universität Berlin led a strength training study to
test ecdysterone, where those taking the supplement saw their physical strength significantly increase. Their
scientists suggest to WADA, the agency in charge of monitoring drug usage in professional sports, that the substance
be added to WADA’s doping list. It was hypothesized the increased spinach concentrations in planarian diet would
result in faster regeneration time.
Spinach concentrate was added to the planarian food supply of beef liver. One group was fed treated beef liver for 1
week, another group for 2 weeks, and a third group for 3 weeks. The planaria were cut in half and allowed to
regenerate. Two trials were conducted, with Trial 1 using 1/4 cup of spinach and Trial 2 using 1/3 cup of spinach to
1 cup of water.
It was found that for Trial 1, the results from the T-Tests were always significant except when comparing Group A
to the Control and Group B to the Control. For Trial 2, the results from the T-Tests were always significant. The
Control group took the longest to regenerate on average in both trials and Group C took the least. The hypothesis is
entirely supported by the results of this experiment.

K21 The Effects of Vegetable Glycerin and Tocopheryl Acetate on Yeast
Biology
Jack Pawlowski
Taunton High School

A recent outbreak of e cigarette use related lung injuries has led to the deaths of more than 50 people in the
United States. At the center of this outbreak is vitamin E acetate, a substance used as an additive in THC vape
products to increase its potency. This experiment aimed to test the effects of vaporized vitamin E acetate and
vegetable glycerin, a substance used in the majority of vape products, on yeast. The yeast was exposed to the
vaporized substances in a fume hood. This experiment was done to simulate the effects that these vaporized
substances have on human lungs using yeast as a model organism. Each sample’s respiration rate was then measured
in order to determine if any yeast was damaged following exposure to the vapor. The initial hypothesis was that
vitamin E acetate would make the yeast samples respire the least because it has been shown to accumulate on the
lungs and hinder gas exchange. The results of the experiment were inconclusive, as there was no significant
difference in respiration rate between yeast samples exposed to vegetable glycerin, vitamin E acetate, or water vapor.
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K24 Is It Pure?

Biology
Grace O’Brien
West Boylston High School
The purpose of this experiment is to find out if there was one filter that was superior than other store bought
filters and if so, is it able to make up for the lack of a central filter in other areas of the world? This will help
discover how well different filters are able to work and if there is a difference between them. Three filters will be
used to test the water samples and the water will be tested with test strips. A self made filter was also decided to be
created with common household objects to determine whether a person could make their own filter and have it work
as well as store bought ones. It is thought that the water filter that attaches directly to the faucet will be able to
remove more organic and inorganic matter from the tap water. To begin the experiment, three one liter samples of
tap water will be tested for different amounts of bacteria and heavy metals using test strips. Once all samples are
completely tested, they will be run through their chosen water filter; water jug filter, filter attached to a faucet, or a
self-made filter. Once all samples are filtered, they will be tested to see if there were any changes in the levels of
bacteria or metals. It was unclear which filter was able to remove more inorganic/organic matter. No water samples
had bacteria present so results are unclear if the filters are able to remove bacteria. Each sample had a very low
amount of the heavy metals and a very low difference between the before and after filtration levels of metals. Each
filter made a difference of 3-5 mg/L or μg/L in the water and no values exceed 10 mg/L or μg/L. Since each filter
removed the same amount of metals, the data cannot confirm whether one is better than the other or if they’re able to
remove organic matter that’s found in other water.

K28 Effects of Ultraviolet Radiation on Wild-Type RAD1 and Mutant rad1 Sac
Biology
Sharani Nasankar
Pioneer Charter School of Science II

This year’s Science & Engineering Fair was conducted to assess the lethal effects of Ultraviolet radiation (UV)
on UV-sensitive Saccharomyces cerevisiae (yeast) when DNA damage is not repaired. The results obtained from this
experiment will serve to better understand the harmful effects that unprotected UV rays bring to human health,
which can help scientists take necessary actions to protect humans from detrimental diseases such as cancer. Since
Saccharomyces cerevisiae is a single-celled eukaryote that has vital organelles such as the nucleus and the
mitochondria that are homologous to human organelles, yeast was used as the test subject. For this experiment, the
rad1 gene was removed from the yeast genome. This experiment was designed to understand the DNA damage
caused by the Sun and the importance of the RAD1 gene by comparing the number of colonies that grew in Mutant
rad1 versus Wild-Type RAD1 yeast cells. For this purpose, the YED agar was melted and then poured into five petri
dishes. Then, a toothpick was glided in a zigzag pattern across one of the YED plates that was poured previously,
which is then followed by another zigzag pattern using a fresh toothpick through the first zigzag pattern. This was
done to get separate yeast cells that will grow into well-separated colonies. Then, the tubes were labeled as 1, 1:10,
1:100, 1:1,000, and 1:10,000 and a yeast cell suspension was made. Then, a set of serial dilutions were made. This
was followed by the spreading of yeast onto the agar plates, which were lastly exposed to Sun, which emitted UV
radiation. The results of this experiment have shown that as the time allotment increased, the survival percentage of
yeast cell populations decreased for both RAD1 and rad1 strains.
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N10 The Accuracy of Track-Based Dinosaur Speed Estimates
Biology
Cirdan Kearns
Ralph C. Mahar High School

Estimating the speeds of extinct animals is important to understanding their behavior, paleobiology,
paleoecology, and evolution. Numerous methods have been used in the past to try to estimate the locomotor
capacities of dinosaurs, including biomechanical, kinematic, and mathematical models that use information from the
animal’s anatomy or fossil trackways. There have been several equations proposed to try to estimate the speeds of
extinct animals solely from their footprints, using measurements of foot or stride length to calculate the speed that
the organism was moving at when it made the tracks. In this study, two of these equations were tested on modern
birds and humans in order to evaluate their accuracy in predicting the speeds of bipedal dinosaurs. Due to the limited
time and resources available, no conclusions were able to be drawn with complete certainty. However, based on the
accumulated data, it is possible that the equations tested cannot accurately estimate the speeds of bipeds moving at
slower paces and with shorter stride lengths. It is also possible that these two equations cannot accurately estimate
the speeds of dinosaurs, although this cannot be confirmed.

N11 Survival of the Fin-nest
Biology
Megan Lemay
West Boylston High School

This investigation will assess the concentrations of copper, iron, mercury, and lead present in five samples of
various water types, and will determine how various concentrations affect the lifespan and activity of Daphnia
magna. From these results, the safest sample of water for human consumption will be shown. The samples being
used are “Fiji,” “Mountain Valley Spring Water,” “Poland Springs,” freshwater, and tap water from Worcester. It
was hypothesized that freshwater and tap water would have the greatest concentrations of lead, iron, copper, and
mercury, which would impact the activity and shorten the lifespan of Daphnia magna. If that were true, then “Poland
Springs” would be the safest for human consumption. To begin, reagent test strips were used to discern the
concentrations of mercury, iron, copper, and lead in the water samples. Graduated cylinders were filled with 50ml of
each water sample, and five organisms will be placed in each. A stopwatch, one for each water sample, was started
immediately upon placing them inside. Each sample was given ¼ of a pellet of food. Once all organisms in a
graduated cylinder expired, the stopwatch was stopped and the time was recorded. Those organisms were placed on
petri dishes and observed under a stereo binocular microscope on 3x magnification. The initial hypothesis was partly
incorrect. Freshwater and tap water did not have the highest concentrations of each heavy metal. No water sample
contained mercury. “Poland Springs” was, however, the safest for human consumption. These results can be
explained by the fact that some concentrations of heavy metals are essential to the survival of an organism.
Freshwater, which had the longest time of 14,775 minutes, created a sustainable environment for the Daphnia
magna.
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N12 Interference in Antibiotic Resistance of Bacteria by Natural Extracts
Biology
Seungjun Lee
Concord Academy

The object of this experiment was to determine the presence of synergistic antimicrobial effects when using
natural extracts of berries and antibiotics against antibiotic-resistant microbes and selected food poisoning bacteria,
E.coli and B.cereus. It was hypothesized that antibiotics and natural extracts that showed no antimicrobial effect
against antibiotic-resistant microbes would show a synergistic antimicrobial effect when coupled together. It was
also hypothesized that such synergistic antimicrobial effects would have been caused by the high antioxidant
component of the berries.
The Kirby-Bauer test of 17 different extracts of berries and 17 different antibiotics were carried out, from which 13
natural extracts and 8 antibiotics were identified to have no antimicrobial effect against E.coli or B.cereus, thus
selected for next experiment. Using the selected extracts of berries and antibiotics, different combinations of berries
and antibiotics were formed, and the Kirby-Bauer test of different combinations were performed. From water and
soil samples, 10 additional antibiotic resistant bacteria were identified. For the 10 additional samples of bacteria the
same method used to identify synergistic effect of natural extracts and antibiotics was employed. Further
experimentation included the Kirby-Bauer test of combinations of different concentrations of selected antioxidants
and antibiotics against E.coli and B.cereus.
The result showed that significant combinations of natural extracts and antibiotics indeed showed synergistic
antimicrobial effect against major food poisoning microbes and the 10 collected antibiotic-resistant bacteria. Also, it
was also found that antioxidants showed similar synergistic antimicrobial effect when combined with antibiotics.

N13 Lifespan of C.Elegans in Glucose, Sucrose, Aspartame, and Sucralose
Biology
Darsh Patel
Lowell High School

This experiment examined how the lifespan of C. elegans would be altered in environments of high glucose,
sucrose, sucralose, and aspartame concentrations. The purpose is to determine if there are any detrimental effects of
sugar alternatives on the human body. Three trials were conducted with each variable and control containing 20
nematodes. The nematodes of each trial were identified each time based on them being in the L4 stage compared to
other generations present on each plate. The plates were maintained every three days using a worm pick and E. coli
OP50. On average across all trials, glucose and sucrose had a shortened lifespan in comparison to the control, but
sucralose and aspartame had an increased lifespan in comparison to the control. These findings rejected the
hypotheses, which suggests that sugar alternatives may not have a negative impact on the human body as previously
presumed.
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N14 The Effect of Novel Natural Antioxidants to Treat Alzheimer’s Disease
Biology
Shravya Anisetti
Shrewsbury High School

5.5 million Americans age 65 and older have Alzheimer's, age is the largest risk factor. Signs include memory
problems where thinking and judgement are other minor symptoms. It starts with mild cognitive impairment, which
could lead to the disease. It is the sixth leading cause of death, but it is also estimated to be third right behind
cardiovascular disease and cancer (What is Alzheimer’s Disease). Oxidative stress, caused by an imbalance of free
radicals and antioxidants in the body is said to be the main driving factor behind Alzheimer’s according to new
studies. Oxidative stress can leads to chronic inflammation, leading macrophages to produce free radicals. Amyloidbeta, a fragment from the amyloid precursor protein (APP) is altered during this process, which leads to the
accumulation of these proteins and plaques in the brain. Radiation and alcohol consumption also lead to this stress,
as well (Eske, J.). Beta carotene extracted from Citrus × sinensis, and Daucus carota subsp. Sativus holds many antiinflammatory and antioxidant properties, as well as Alpha arbutin from Cyanococcus which hosts the same
properties and is usually used as a skin brightening agent for its antioxidant properties (Newman, T). Caenorhabditis
elegans is a nematode, used widely in labs for their easy cultivation and complex neural system (Hutter, H). Beta
carotene and Alpha arbutin were used in concentrations of 1mL, and as a mixture with 0.5mL each lifespan and
cognitive ability increased, and paralysis and oxidative stress were minimized when compared to a control exposed
to similar environments. The worms were also exposed various dosages of the drugs, and tolerance was measures
were also taken.

N16 Keeping Up with Your Skin: Testing Different Acne Prevention Methods
Biology
Jack Raith
Assabet Valley Vocational High School

Almost every teenager experiences acne at some point in their life. Since this is such a common problem, it is
understandable that there are many products aimed to help diminish the issue. With as many products as there are on
the market, some of them may not work as well as promised. The main objective of this experiment was to see which
topical acne treatment performs the best at preventing bacteria growth. This experiment tested benzoyl peroxide,
witch hazel and tea tree oil, as well as a control (no medication). Testing for this lab was extremely simple, yet
accurate. For testing, petri dishes are filled with liquid agar, solidified, and incubated with E.Coli K12 bacteria. Each
of the tested medications was placed in the petri dish on a cotton disk and the zone of inhibition was measured after
48 hours of incubation. The key impact of this research is to find out the best acne product for prevention and
treatment of acne, without having to go through a doctor for prescriptions or medication. At the end of the testing, it
concluded to tea tree oil being the best at preventing bacteria growth and had the largest zone of inhibition out of all
the conditions.
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N19 Using Germicidal Radiation to Control the Growth Rate of E. Coli
Biology
Zachariah Gravel-Blaney, Emma Mazeika
Westfield High School

This project was an idea that blossomed from the recent E. Coli outbreaks that cost companies a large amount of
money, and consumers. Our project used UVA/B and UVC lights as the source of radiation exposed to the samples
of E.Coli. We hypothesized that the UVC light bulb would diminish the growth rate the most.
We used three groups, a control group of E. Coli left in the incubator, one group exposed to the UVA/B light, and
the last group exposed to the UVC light treatment. All petri dishes were grown with the E. Coli for two days, and
then the colonies within the petri dishes were counted. The experiment was then started with the exposure to the
treatments for half an hour each day. And after this treatment, the colonies were then counted once more.
We then calculated all of our growth rates, and then averaged them after the experiment was complete. Our colony
counts were very inconsistent, possibly due to outlying factors. However, we found that the UVA/B light had
diminished the growth rate more than any other treatment tested, which had a growth rate of 76.44%.
To conclude, with the results not being as consistent as we predicted, our hypothesis cannot be soundly disproven.
To apply this to the real world, it may aid in the recent outbreaks and possibly reduce the growth and spread of E.
Coli.

N20 What Factors Increase the Risk of Contracting the Common Cold?
Biology
Elizabeth Lesher
Newton Country Day School

In this study, the question, “What lifestyle, demographic, and genetic factors increase the risk of contracting the
common cold?” was researched. Studies suggest that susceptibility to the cold is a good proxy of overall immune
health. Thus, it was hypothesized that there are certain lifestyle, demographic, and genetic factors that increase
susceptibility to the common cold, and quantitative standards were created to determine if the data met the criteria
for each considered risk factor. 241 participants completed a questionnaire that assessed lifestyle and demographic
information and served as a means of data collection for the experiment. Four statistical tests were performed on the
data: a chi-square test for independence, Cramer’s V strength test, a two-sample z-test for the difference between
proportions, and a t-test for the slope in least-squares regression in which each variable was transformed using
exponential, power, or logistic models. Based on the results of this experiment—that age, hours of exercise per day,
and servings of fermented foods have the strongest associations with the common cold, followed by minutes to fall
asleep each night, sleep efficiency, servings of refined carbohydrates, family history, and exposure to e-cigarettes or
smoke, and lastly, servings of processed meats, history of e-cigarette usage, asthmatic status, and medication
usage—the hypothesis was partially supported. To allow for further research, a longitudinal study using a tracking
app to collect data could be implemented or the effect of risk factors on the severity of colds could be examined. The
findings of this study contribute to scientific knowledge about the common cold, and identifying risk factors to the
common cold can help create effective methods of prevention.
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N23 The Effect of Microplastics on Dinoflagellates
Biology
Kathryn Mangus
Wachusett Regional High School

The number of microplastics plaguing ocean waters is rapidly increasing. It is estimated that 5,000 lbs of
microplastic enter the ocean per second. Many marine organisms consume microplastics or they may get stuck in
gills or other areas. To determine the potential environmental microplastics have, tests were run on the dinoflagellate
species Pyrocystis fusiformis. Dinoflagellates rely on access to the sun and plastic can block this resulting in nutrient
deficiencies and reduced reproduction. It was hypothesized that as the number of microplastics increased, the
luminescent ability and reproduction of dinoflagellates would decrease.
A total of three sets of experiments were conducted on microplastic consumption, dinoflagellate luminescence, and
dinoflagellate reproduction. Each test was run before and after a two week incubation in the presence of
microplastics. Consumption tests were performed to determine if microplastics were eaten by the dinoflagellate. This
showed the weight of the microplastics changed, however the number of microplastics didn’t change. Luminescence
was monitored to assess the health of the dinoflagellate population. These tests showed many dinoflagellates lost
their ability to produce luminescence, especially in the groups with higher concentrations of microplastics.
Reproduction was monitored by counting the number of dinoflagellates present. These tests showed that by the
second generation no dinoflagellates could reproduce. These tests support the idea that chemicals leaching from
microplastic pieces affect both dinoflagellate health and reproduction. In summary, the presence of microplastics
could destroy the dinoflagellate population which serves as the base of the oceanic food web, thus disrupting the
entire ecosystem.

N25 Adrenaline's Effect on Brain Function
Biology
Aayush Adak
North Attleboro High School

This experiment looks into the findings of what adrenaline can do, not as a physical supplement, but as a
memory booster. It is well known that adrenaline can increase physical skill in functions and helps the body
complete tasks it could not do normally. But not much thought has been given to the neurological effects. The test
had subjects play a memory game commonly referred to as “Concentration”. Subjects used a full 52 card deck,
matching the number and color of a card to take it off the board. The studies showed significant increase in speed of
play after an running up and down stairs to increase adrenaline. This shows that the effects of adrenaline are not only
present, but highly potent in memory based events.
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N27 Are We Safe From Our Phones?: The Effect of Display Light on Cancer
Biology
Gawon Yoo
Acton-Boxborough Regional High School

Past studies have shown that artificial light at night (ALAN) suppresses the nocturnal production of melatonin,
affecting the night-shift workers significantly. The melatonin behaves as a selective estrogen receptor modulator
(SERM), inhibiting the growth of hormone-dependent tumors such as breast cancer and prostate cancer. Therefore,
the production of melatonin is crucial for cancer prevention. Apart from the night-shift workers, common people are
also exposed to this danger because an average adult spends 3 hours every day on phones alone, 5 hours for preteens,
and 7 hours for teens, regardless of day or night. According to another study, when teenagers viewed luminous
devices at night, 1-hour exposure suppressed melatonin by 23% and 2-hour exposure suppressed melatonin by 38%.
To find out the direct correlation between phone usage and hormone-dependent tumors, I exposed planarians that
also rely on melatonin production to white light from phones in the dark for a ranging amount of time after the
exposure to a carcinogen (K2Cr2O7). I hypothesized that as the usage increases, the melatonin production will
decrease, speeding up the tumor growth in planarians. The results were not supporting the hypothesis because there
were no visible changes to the planarians such as detectable tumor growth or change in behavior after 4 days of
testing. However, the control group, as well as the experimental group, showed no sign of tumors, suggesting that
either the dosage of the carcinogen or the exposure time was not adequate to trigger the tumor growth. For future
experiments, finding the right dosage and exposure time for the carcinogen to initiate the tumor growth and
expanding the experiment time to several weeks might yield clearer and more reliable results.

P2 The Role of Coral Polyp Connectivity in Response to Tactile Stimuli
Biology
Saniya Rajagopal
Falmouth Academy

The purpose of this experiment was to determine the importance of Astrangia coral polyp connectivity on their
response to tactile stimuli and how exposing them to natural stimuli affects their response to tactile stimuli.
Astrangia poculata are northern corals that are tolerant to external stimuli and can survive with dissociated polyps.
Little research has been conducted on the importance of polyp connectivity on their response to tactile stimuli for
Astrangia. It was hypothesized that polyp connectivity paths have a direct impact on how coral polyps retract, and
that exposing coral to natural stimuli will cause them to habituate and retract at a lower amount. Fluorescein was
injected into three polyps of fifteen Astrangia poculata colonies and the connectivity was recorded. The same polyps
were poked and the neighboring polyps that retracted were recorded. Five colonies were exposed to bryozoa and five
colonies were exposed to algae. After one week, the tactile test was conducted again and the neighboring polyps that
retracted were recorded. It was 1.48 times more likely that the relationship between connectivity and retraction
would match for the control group. It was 3 times more likely before the bryozoan exposure and 2.2 times more
likely after the exposure. It was 9 times more likely before and after the algae exposure. There was a larger number
of polyps that followed the hypothesis that connection influences retraction. The coral were less responsive to tactile
stimuli after being exposed to natural stimuli. Therefore, both hypotheses were partially supported.
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P3 A Natural Microbiome's Defense Against Pathogens
Biology
Isabella Balian
Bancroft School

Over the past decades there has been an increase in allergic diseases and asthma (Prescott). Some studies have
blamed the lack of exposure of germs to this increase (Gaines). In this experiment, Caenorhabditis elegans (C.
elegans), a type of soil nematode, was used to see how their natural microbiome can defend itself against pathogens
at different ages and in different environments. Because of C. elegans’ transparency, simplicity, and short life cycle,
this worm makes a suitable organism for biological studies (Fontrodona). They are susceptible to a broad range of
bacteria and are useful models for the study of both pathogens and symbionts (Couillault and Ewbank).
The C. elegans will be cultured in two environments: one with a sterile food source and one with a natural microbial
make-up. They will then be exposed to a soil bacterium pathogen called Agrobacterium tumefaciens at different
stages of its life to see how these worms can fight off pathogens with a healthy microbiome versus an unhealthy one.
Because of the worm’s genetic similarities to humans, the data collected from this experiment can be compared to
how human’s immune system fights off bacteria when exposed to germs.
The results obtained from this experiment show that worms exposed to a pathogen at an earlier age and in a natural
environment are able to live longer and withstand the pathogen compared to its counterparts. Out of all the
experimental plates exposed to pathogens, the early natural environment plate was the one that had the most worms
alive until the end of the experiment. These results prove that it is more beneficial for humans to be exposed to
germs at a younger age so that they are more resistant to pathogens in order for them to develop less allergic
diseases.

P10 Comparing The Growth of Plants Using Different Growing Methods
Biology
Piper Culp
Southeastern Regional Vocational Technical High School

The purpose of the study was to discover what method of growing a plant is best. The methods tested were
fertilizer, soil, and hydroponics. Hydroponics is a water system that contains a nutrient solution in the water. It uses a
growing media instead of soil to support the plant. There are different methods of hydroponics, the one used in this
experiment was the Kratky System. The plant that was used to test the methods was spinach. To test the methods,
each was placed in the same windowsill at the same time. There was a sample size of 12 seeds in each method and
the plants in soil and fertilizer were all watered in equal amounts. After a 2 week period of growing the plants, it was
concluded that fertilizer was the best method of the three tested.
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P17 Effect of Sleep Deprivation on Learning and Memory of D. Melanogaster
Biology
Eliana Bilsel
Wachusett Regional High School

The purpose of this project was to discover the effects of sleep deprivation on the learning and memory of
Drosophila melanogaster. The results of this experiment could be used to help understand how sleep deprivation
affects humans, given that Drosophila and humans share many neurological similarities. Using an LED light and a
light box to change the circadian rhythm, the Drosophila were kept awake for 24, 36, and 48 hours, with 12 hours as
the control. After this cycle, learning and memory were tested by teaching the Drosophila to avoid apple cider
vinegar. Learning was quantified as the number of shocks before the Drosophila began to avoid the vinegar, and
memory was quantified as the number of seconds before the Drosophila moved back to the vinegar. As the amount
of time the Drosophila were sleep deprived increased, the number of shocks needed to teach an association
increased, and the amount of time before the association was forgotten decreased, supporting the hypothesis. The
results suggest that sleep is vital for proper brain function in Drosophila melanogaster, and possibly that sleep is
equally as important in humans and other species.

P18 The Effect of Vaping on the Exhalation Output of the Human Lungs
Biology
Mackenzie Rae
Westfield High School

Vaping is the growing epidemic in America.I designed this experiment to determine if vaping would increase
the mass of the lungs a substantial amount, enough to raise concern.
The experiment was performed in a fume hood. I used a Buchner flask and 10 cotton balls to serve as a proxy for
lungs. I found the mass of this before and after each trial. I then fit a Juul pod side down into a hole in the flask’s
stopper. I secured this all with electrical tape. I then attached the flask to a sink using a vacuum hose. I then turned
the faucet on until the Juul’s light turned on indicating that vapor is being released. Once the light turned off I turned
the faucet on again. I repeated this 100 times. I did 5 trials.
Using the equation (mf-mi)2, I found the m of each day and plotted them on a graph. I then used the trend line to
solve for the hypothetical scenario: if someone Juuls one pod a day for all of 2020, how much mass is added. I found
that 15.02% of the mass of the human lungs will be added.
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P19 Combating Malnutrition-The Effect of Eggs on Drosophila Melanogaster
Biology
Gwyneth MacDonough
Wachusett Regional High School

This project’s purpose was to determine if a malnourishing diet negatively affects development and cognition in
D. melanogaster, if consuming eggs reduces those effects, and whether childhood or adulthood diet has a greater
effect on adulthood cognition. An additional experiment was conducted to determine if these dietary effects
translated into the F1 generation.
Three different diets were created-a control diet containing 0.389 calories/gram, a malnourishing diet containing
0.241 calories/gram, and an egg-enriched diet containing 0.266 calories/gram. Seven different groups were reared on
a specific combination of the three diets (one in childhood, one in adulthood). The length of each larva in the third
instar and the time taken for each fly to develop was recorded. Learning and memory was tested using a negative
reinforcement assay. To conduct the second experiment, the flies from each group were transferred to control diet
vials immediately after testing. The entire experiment was then repeated with the F1 generation.
It was found that malnourished Drosophila experienced decreased development and cognition compared to those
reared on the control diet. However, Drosophila reared on the egg-enriched diet had improved development and
cognition compared to malnourished Drosophila. Furthermore, those malnourished in childhood experienced greater
cognitive decline than those malnourished in adulthood, indicating that their childhood diets had a greater impact on
cognition than their adulthood diets. Additionally, the development and cognition of the F1 generation mimicked the
parental generation, indicating that the diets of the parental generation affected the F1 generation.
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A5 Comparing the Speeds of Programming Languages Using Linear Regression
Computers
Samuel Schumacher
Taunton High School

With the prevalence of technology and society’s dependence on it in the modern world, computer applications
are continually expected to run more and more quickly. Choosing the correct programming language for a certain
application can drastically increase its efficiency and fulfill today’s ever-increasing demand for convenience and
speed. This project aimed to compare the speeds of the programming languages C, C++, Java, and Python, using a
program that could perform simple linear least-squares regression—a method of calculating the line of best fit for a
data set (the line that best approximates the positions of the points in the data set)—as a benchmark. It was
hypothesized that C would be the fastest on average. The program was written for this experiment in all four
languages, and a Python program was also written to generate five data sets for the experiment. Each regression
program was tested with each data set five times. The C program was the fastest overall, averaging 0.196 seconds;
the C++ program was second, averaging 0.241 seconds; the Java program was next, averaging 0.253 seconds; and
the Python program was the slowest, averaging 17.141 seconds. These results are mainly attributable to the methods
used to run programs in the four languages. The Student’s t-test (a test for statistical significance) concluded that the
C program, on average, was significantly faster for all data sets except one and overall. This supports the hypothesis
and suggests that using C is likely to produce the fastest programs in many cases.

A13 Distributed Systems for Emergency Prevention, Detection & Management
Computers
Rohan Minocha
Hopkinton High School

Current safety systems within schools rely on a fundamentally passive and ineffective method for managing and
mitigating the effects of emergencies. Moreover, current protocols used within schools make it difficult for school
administrators to issue updates to an evacuation protocol, as well as first responders to determine the location of
students. In fact, the FCC estimates that each year, over 10,000 lives could be saved with accurate location
standards. This project uses a distributed system of hardware and software to address these issues. It uses object
detection and deep learning to be more proactive against emergencies by detecting dangerous objects before they can
become a threat. This provides an administrator with ample information to initiate emergency responses as well as a
location where the dangerous object is located. The hardware also has the ability to communicate directly with the
software. The software is an administrator portal that serves to give the administrator a more complete view of the
emergency. This software allows the administrators or first responders to create a new emergency, establish safe
zones, or danger zones, and manage the emergency, all while simultaneously conveying this information to the
student. This system also implements caching tables, which allows for asynchronous management of the emergency,
allowing all administrators and first responders to collaborate in order to establish safety protocols that address the
situation at hand in the best manner possible. The location of students during an emergency is also provided to the
administrator via the software by using the hardware as a beacon, which determines students’ absolute location via
their relative location to the hardware beacons.
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A21 Natural Language Processing for Early Diagnosis of Azheimer's Disease
Computers
Yangyang Li
Brookline High School

I use machine learning and natural language processing techniques to analyze linguistic characteristics of
Alzheimer’s Disease (AD) patients and build diagnostic models that classify AD patients and healthy people.
Through innovations in feature engineering and model hyperparameter tuning, I have achieved high detection
accuracy 89% with my developed model. The famous manually conducted diagnosis using the Mini-Mental State
Exam (MMSE) score has an accuracy about 90%, which my model achieved.
During feature engineering, features related to Dementia and demographics are extracted as inputs in my model. The
known features from the DementiaBank dataset are age, gender, MMSE score, number of unintelligible, of trailing,
and of repetitions, etc. Counter Vectorizer and Doc2Vec (a Word embedding algorithm), two methods I use,
generate new features such as word count and embedding words in vectors. Then using hyperparameter tuning in
logistic regression and Doc2Vec, I have achieved 0.98 as an average Area Under Curve (AUC) on randomly created
test sets.
I also demonstrate that the diagnostic model can be used in an online App. This can help many potential patients to
get diagnosis at a very early stage. Through the app, the diagnosis model in an end-to-end machine learning pipeline
is widely accessible, efficient, and free.
I study the stability of the model by repeating experiments and find out that the model is stable even though my
training data is split randomly. The algorithms have high average detection accuracy 89% and are stable.
Furthermore, I leverage deep-learning-based document embedding algorithms such as the state-of-the-art models
ELMo and BERT, as well as implement more advanced classification models to improve the detection accuracy of
AD.

A27 Sorting Recyclables Using Convolutional Neural Networks in a 3D Setup
Computers
Akash Kumar, Anushka Mukhopadhyay
Shrewsbury High School

Two hundred fifty eight million tons of waste is produced by Americans each year and 25% of the waste is
sorted into the wrong category. When recycling streams are cross contaminated with other trash, none of the
materials get recycled and end up in the landfill, fueling climate change. Also, different types of recyclables go
through different processes at recycling centers. Due to these issues, it is crucial to develop a system of sorting trash
that is both efficient and accurate. In this project, using machine learning, a device was developed to automatically
classify recyclables into their respective categories: paper, glass, metal, cardboard, and plastic. In the prototype,
there are three cameras placed around the recyclable material. The device uses a client-server model where a
raspberry pi is used as the client and the laptop is used as the server. Three cameras take images of the trash, send the
pictures to the laptop which classifies the three images using 2D convolutional neural networks, and then the laptop
sends the classification back to the client which will turn on a LED for the correct bin. Using three cameras instead
of one allows the device to have higher accuracy since there are images taken from different angles. Three different
algorithms were programmed to output one final classification from the three classifications of the three images. The
accuracy of the final algorithm chosen was 100%. The device is aimed to be placed in small public areas such as
cafeterias or in homes, where the types of objects that will be recycled are known in advance, so recyclables are
sorted at the source instead of at big facilities, aiming to reduce the amount of cross contamination.
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B5 Emergency, Safety, and Precautions App
Computers
Daniela Bonilla
Pioneer Charter School of Science

The purpose of this experiment is to address common emergency situations some may find themselves in and to
provide easy access to the necessary information needed in those common emergencies/situations. The app was
designed using MIT App Inventor for Android devices. The creation included 11 slides, 9 of which retained
information about current emergencies/situations that society may struggle with. Most of the slides with information
have blocks which code for hotlines/authority numbers and a button to return to the main screen. The main slide and
slides that contain a 911 button, there is a false-trigger feature applied to the button. This is made to prevent
accidental calls to emergency services. The location feature allows users to calculate their location using cellular
data. The app was successful in including and being able to run the location tracker and also false-trigger feature. It
contains clear information, making emergency situations easily comprehensible.

B11 Info Glasses

Computers
Daniel Rodriguez
Malden Catholic High School
The purpose of this project is to make people think of other ways to display images on OLED screens and how
it can make people do certain tasks when they are in tedious situations. There are other companies who are
developing this same technology but some are not putting it to use throughout the world. This project is an example
of how OLED can be used in other ways besides TV screens. The goal of this project is to make a device that can
help people do cumbersome tasks, and to show what other features can be applied. This would be helpful for a
person reading the voltages of wires, reading text for a procedure, or to help those with disability. I wasn’t able to
meet most of my design criteria throughout my project, but I was able to rethink my design and was able to meet my
second design criteria. In the end I was able to make an efficient and functional device that could be used properly.

B13 Mitigation of Neurological Disorders Using ANN and Regressional Models
Computers
Tanisha Rajgor , Sahithi Pogula
Hopkinton High School

1 billion. That’s almost one-eighth of the world population. Unbelievably that is the number of people presently
traumatized by CNS diseases. Although the number of neurological diseases, unfortunately, has grown over time,
drug development has not progressed as much in the neurological field as other health sectors. In this project,
machine learning and AI (Artificial Intelligence), bridge the gap between modern medical sciences and technology
by allowing researchers to quickly and efficiently find solutions to age-old problems. Many ANN (Artificial Neural
Network) and regression models will be in play to quickly mitigate the stubborn neurological disease-causing
protein, amyloid-beta (Aβ), by keenly creating a plan to change other protein and receptor levels. The direct
connections from amyloid-beta to these other factors make crossing the previously known, impenetrable blood-brain
barrier, very penetrable. In addition to this, this project addresses the millions of cases of hard-to-catch CNS diseases
gone undetected by highly trained professionals. Utilizing complex machine learning algorithms this project proves
how just a little bit of technology can be the reason behind the lives of millions. From being a major game-changer
in present drug research to detecting signs of the treacherous disease that is CNS early, this project gives the medical
world a whole new prospect.
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B14 Using Python to Test the Strength of a Range of Passwords
Computers
Max Loper, Ethan Narkiewicz
Westfield High School

This project was the result of increased password security issues in today's society. The initial idea for this
project was to create a python program to test varying passwords that had lowercase letters, capital letters, and
symbols, increasing in length with each test. Our intent was to bring awareness to how easily passwords can be
broken and how important password safety is, as everything from our bank accounts to social media. We did not
want to do this for any malicious intent, or white hat hacking.
A password's strength was determined based on how long it took our program to guess through random trial and
error. We tested thirty passwords of varying lengths and difficulties starting from four characters and ending with
eight characters. We tested multiple versions of our program but settled on the most efficient we could make, it
randomly guesses every possible combination of letters until the inputted password is found.
Our results concluded that lengthier passwords with more variation in case sensitivity and use of symbols took
exponentially longer to solve. Four character passwords that only utilized lowercase letters could be broken in a
matter of seconds. This could be an example of the four digit pin number that is protecting the majority of phones
today. We made a ceiling for our testing at twenty minutes for the interest of time, passwords that were comprised of
a variation of characters and were six or more digits long took until this time cap.
The results of this project display how easily short passwords can be broken. We hope to improve on this program
possibly to make it more efficient as it is not nearly as optimized as it can be. We did manage to prove however that
longer and more complex passwords are much harder to crack.

B16 Verifying Application Isolation for Cryptocurrency Hardware Wallets
Computers
Andrew Shen
Lexington High School

Correctly implemented operating systems are critical for security. Yet modern-day OS kernels continue to have
bugs and security vulnerabilities, even simple kernels for applications such as cryptocurrency hardware wallets. This
desire for fault-tolerant software drives the need for proven security properties. With many moving parts and
intertwined pieces, reasoning and formulating such proofs requires large amounts of time and effort as well as
attention to detail to achieve success. Microsoft’s Z3 program allows us to symbolically evaluate our kernel code to
verify that our kernel will operate as expected for all states that our kernel can take on. In other words, we tested
each possible kernel state to determine if any would make our kernel fail. Since the kernel is complex, we choose to
focus on verifying the security of launching and executing programs one at a time. In particular, we seek to prove
that given a kernel with downloaded programs, the launch and execution of the programs are isolated from one
another and cannot interfere with or modify each other in any way. We use Rosette, a solver-aided programming
language, to port the kernel code (written in C) to a format understandable by Z3 and symbolically reason that is
correct. In conclusion, we make progress towards verifying program isolation for launching and running programs
on a simple kernel.
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B19 Coral Fish Identification and Classification
Computers
Zhijian Sun
Governor Dummer Academy

Tracking and identifying fish species is crucial to understanding marine ecosystems and the role it plays in the
world. In this paper, a cost-effective coral fish detection and identification method is proposed. Using the up-to-date
models of Convolutional Neural Network (CNN), this paper is able to analyze underwater footage, highlight all the
detectable fish in color frames, and identify the species’ name among the detectable fish. Fish object detection was
employed using Open Images Dataset and Tensorflow Object Detection. The paper further explores CNN with
squeeze and excitation for fish classification. The proposed model was evaluated on fish4-knowledge dataset and
achieved 100% validation accuracy after 50 epochs, better than AlexNet and RetNet, indicating that the solution is
robust and practical. In addition, a dataset for coral fish classification in specific locations was built using different
sources. The model achieved 100% validation accuracy on the proposed dataset.

C3 Diagnosing Congenital Dysmorphic Disorders Using Machine Learning
Computers
Andrea Danila
Sharon High School

Access to a medical professional can be financially prohibited to certain demographics. I attempt to democratize
the diagnosis of infant genetic disease using Deep Learning. I also explore the limitations that Deep Learning can
have in creating fair algorithms that can address health care problems by exploring the privacy concerns of data in
training such algorithms. I create a CNN model to identify a genetic disease based on a picture of an child’s face and
evaluate how the dataset size can influence the prediction outcomes.
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C9 Bioinformatical Analyses of the Wuhan Novel Coronavirus (2019-nCoV)
Computers
Rohit Paradkar
Newton South High School

With over 126,000 cases and almost 5,000 deaths, 2019 novel coronavirus (formerly 2019 n-CoV, now SARSCoV-2) has become one of the most formidable pandemics the world has seen in decades. It has posed a global
challenge and though the medical community has received a huge backing to fight the deadly virus, there is still a
tremendous amount of progress to be made. It is imperative that the scientific community studies the characteristics,
symptoms, and effects of the virus. The main research goals of this project will be to analyze Wuhan Novel
Coronavirus through bioinformatics tools: sequential analysis, structural analysis, homology and phylogeny. The
purpose of this project will be to find valuable information that experimental researchers can use for drug discovery.
After initial research and project setup was done, programs were written in Python and used publicly available data
about coronavirus from reputable databases. After running a series of programs for each different type of analysis,
findings were made from graphical and statistical data. The sequential analysis and phylogeny of the virus showed
the closest relatives to 2019 novel coronavirus were bat-SL-CoVZC45 and bat-SL-CoVZXC21, two other genomes
originating from bats. The structural analysis showed that one of the main proteases from SARS was very closely
correlated to the protease of the novel coronavirus. It was also found in this analysis that an effective target for drug
discovery may be finding ways to disrupt the coronavirus’ receptor-binding properties with a human enzyme called
ACE2. In conclusion, these analyses of the 2019 novel coronavirus will shed light on its origins and its tendency to
bind to human proteins and enzymes which can be used experimentally as targets for drug discovery.

C14 AEOH

Computers
Srivishnu Piratla
Advanced Math and Science Academy
Public shootings have become increasingly more common over the past few years. There were more mass
shootings than days in 2019. According to the Gun Violence Archive (GVA), there were around 40,000 deaths
caused by over 417 reported mass shootings in the United States in 2019 alone. In most cases, the intruder is able to
walk into a building, gun in hand, and take the lives of innocent people before anyone has the chance to call the cops
or lockdown the building. The two current solutions which try to address this problem, the PatScan system, and the
SpotShotter system, are very expensive, require additional infrastructure to be installed, and are not pro-active.
Seeing the lack of solutions in the market the effectively stop mass shootings, the aim of this project was to create a
pro-active firearm detection and mass shooting prevention system that is accurately able to detect firearms and warn
the required people about them. Security cameras were chosen as the method of choice for detecting and alerting of
firearms since they are already ubiquitously installed in schools and office buildings. For the actual detection engine
for the firearms, convolutional neural networks (CNNs) were chosen as they are the best way to replicate how the
human brain remembers objects it sees. During the development of AEOH, 3 different CNNs were tested with the
same data to see which model returned the best accuracy/time ratio. The current version of the AEOH system uses
the Single Shot Detector MobileNet (SSD-MobilenetV2), to identify perpetrators. To alert the police, a webserver
and corresponding website was set up. To alert people inside the building, a desktop app was made using OpenCV
that connects to the webserver and takes over the screen and alerts of a firearm.
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C16 Medhelper 2.0
Computers
Rachel Man
Lexington High School

Currently, medication in hospitals is delivered to patients by medical professionals. However, this method has
several weaknesses. It is unreliable, as there exists human error in the delivery, accuracy, and security of medicine.
The current delivery mechanisms are inefficient and also use valuable medical personnel on mundane transfer tasks.
My solution is to create a medical delivery system that transfers the correct medical supplies to the correct place at
the correct time from a base station to the nurse in the patient’s room. The robot verifies the identity and quantity of
the pills inputted, uses a laser radar to navigate through the hospital setting, and employs radio frequency
identification tags to locate specific hospital rooms.

C24 Lasers as a Data Transfer Medium
Computers
Gavin Sadler
Malden Catholic High School

Living in the information age, nearly all modernized countries have access to the internet at megabit and
sometimes gigabit speeds, yet many developing countries and even rural and remote areas of developed countries
struggle to provide reliable and fast internet access to their people. The backbone of any modern country’s internet
network is fiber optics, transferring data through lasers and thin strands of glass; however, creating a fiber-optic
network is a very expensive endeavor, even before the cost of servicing such a network. Yet, fiber optic networks
boast large bandwidths and faster transfer speeds due to their transfer medium, focused laser light. I set out to create
a simple pair of devices that would be able to move data from one source to another solely using laser beams,
omitting the use of an optical fiber. To accomplish this, I constructed a transmitter using an Arduino and two lasers,
one to control a clock signal to sync the data transfer and another to send the actual data. Along with this, I
constructed a receiver that would detect both lasers’ lights by diffusing their light throughout ping-pong balls where
it would then be evaluated by a photoresistor or a photodiode and sent to another Arduino. Experimentation resulted
in maximum speeds of approximately 400,000 bits/second (400 kb/second). Although experimentation attained less
than moderate speeds, this prototype shows that relatively quick internet speeds are attainable with relatively low
material costs.
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D7 ML-Based Speech Recognition App for Individuals with Speech Disorders
Computers
Anika Nath
Stoneham High School

There are 40 million Americans and over 300 million people worldwide who suffer from communication
disorders, and have difficulty using their speech. Even though Speech Recognition is becoming ubiquitous, there are
no good solutions available for people with speech disorders to help them communicate freely with other people. An
application that is able to recognize their speech would be of immense help to them.
My goal was to train a Speech Recognition model for a particular target user with speech disorders, using voice clips
from that user. I took a Tensorflow based sample program to train a model that recognizes 10 spoken words for
regular users. I then took a few clips of the target user, and wrote a few python programs to create a large dataset of
those clips. I then re-trained that model using this dataset, and used it to recognize other voice clips of the target user.
I was able to create a customized Speech Recognition model for the target user for recognizing a set of 10 spoken
words with a recognition accuracy of 98.51% on the computer, while the recognition accuracy was only 23.15% for
the same user using a standard Speech Recognition model.
Future studies are required to expand this concept to develop a model that can recognize any spoken word for
English language, based on phonetic pronunciation of target users. The application possibilities that utilize Speech
Recognition for people with speech disorders are vast, from communication devices to speech-to-text converters to
gadgets utilizing speech commands.

D10 Designing a Deep Learning Model for Improved Breast Cancer Prediction
Computers
Ritvik Pulya
Acton-Boxborough Regional High School

Mammogram and MR scans have been widely utilized in breast cancer identification, with only 8.7% of cancers
detected without biennial scans. However, almost 30% of cases are diagnosed late, with a 68% reduction in 5-year
survival rates between Stage 2 and 4 individuals, making scanning somewhat ineffective. Current breast cancer
predictor models only focus on tumor identification, and the Tyler-Cuzick model (AUC=0.62) and Gail model
(AUC=0.53), which look at risk factors in women 35 years or older, are overall ineffective in detecting high-risk
patients. These weak models and lack of patient information call for the development of an image-based model for
risk prediction. In this study, multiple algorithms were designed to assess risk from 158 breast mammogram and MR
cases. The high risk patients were defined using the following criteria: personal history, first degree history, BRCA
mutations, or HR+. The original images were segmented with a threshold algorithm, augmented to 1050 cases total,
and fed into a CNN, yielding accuracies of 0.94, 0.94, 0.96, and 0.825 respectively for the MR Pre, Post1, Post4, and
mammograms. These algorithms were concatenated to produce a multi-input CNN, yielding an accuracy of 0.4392.
Consequently, an ensemble weighted-average approach was taken instead, yielding accuracies of 0.944, 0.953, and
0.969. The extremely high accuracy of 0.944 for the ensemble PreMR CNN is promising in its implications for MR
imaging, given recent studies highlighting the neurodegenerative effects of the contrast agent gadolinium used in
PostMR imaging. Our models offer a unique advantage, yielding better accuracies/AUCs and not requiring patient
information. We hope our models are translated to a medical setting, especially in countries with limited resources.
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D14 Automated Integrated Security System
Computers
Emily Addona
Newton Country Day School

The Automated Integrated Security System (AISS) is a four tier security system that utilizes facial recognition,
advanced motion detection, and Radio Frequency Identification (RFID) to grant access through a door while
simultaneously notifying the administer of the facility that there is someone attempting to gain access to the building.
A Raspberry Pi was used to program the AISS, and a model door was built out of wood to demonstrate the AISS.
There are two small screens plugged into separate Raspberry Pis on opposite sides of the door. One screen plays a
video, notifying the person attempting to gain access to the building, to the process of facial recognition, RFID, and
motion detection. This video is activated once the motion detector is activated. The other screen is the facial
recognition that will identify someone with a green box around their face. The person is either marked “Person X” -depending what person they are in the database-- or “Unknown.” Additionally, once the motion detector is activated,
a picture is emailed to the administrator of the facility that there is activity at the door. The Raspberry Pi is able to be
tricked by a person holding a picture at the camera of someone that has been given access to the door. Therefore
facial recognition should not be linked to unlocking the door because it can be tricked, but the picture taken from the
activation of the motion sensor can show who is actually attempting to gain access to the building. The efficiency
and accuracy of each of the four tiers was tested through a series of trials. The facial recognition program was run
twenty times, working at a 100 percent accuracy rate. Once in focus, it took an average of two seconds for the
program to recognize a face.

D22 Eco-Analyst

Computers
Adam Warden, Pedro Pinto, Shihab Choqri-Hamrani
Pioneer Charter School of Science II
Throughout our engineering process, we will be designing and applying statistical methods to analyze
environmental health in local and foreign environments. We will be developing application software and a
corresponding web application that will process information collected by various gaseous sensors on the
concentrations, percentages and densities of various ecological toxins. The data will be displayed via the user
interface connection to the back - end system. The application will include various infographics, such as real - time
monitoring of toxins displayed through live toxin graphs, and an interactable map displaying the health conditions
for each region. Also, the real - time monitoring system will be compared with the national standard at all times to
ensure there is no excess toxins in local environments and for the user to cross - analyze their living conditions with
the national standard health conditions. Furthermore, machine learning and AI implementation will facilitate the
integration of automated reports send to the user upon request, detailing a summary of weekly findings and an
analysis on its impact on their health and immediate environment.
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F11 Phishing Amidst Technologically Advanced Youth
Computers
MahNoor Abbas
Taunton High School

In this experiment, researcher gathers 15 regular students and 15 programming students aged 16-18
(independent variable) to take a test which is designed to test their knowledge of cybersecurity, social engineering,
and phishing (dependent varibale).
The hypothesis stated that 50% of programming and 70% of regular students would fail to recognize social
engineering threats and would score inadequate (below 60%) on the test despite using social media regularly.
The purpose of this project is to highlight the cyberthreat and to understand the importance of cybersecurity
awareness and education among teenagers in the most vulnerable technological era. It is to examine if programming
students are more likely to recognize social engineering techniques than regular students, and to highlight the risks
that students with cybersecurity illiteracy may become victims of.
To perform this experiment, create a questionnaire, and download the human consent forms. Then, get a printer to
print all the papers for 30 students, and have participants sign the consent form before they fill out the questionnaire.
Grade all the questionnaires, analyze the results of each question from both groups and compare the findings to reach
a conclusion.
The recorded data in this experiment shows that only 46 percent of programming students scored above 60 percent
while only 26 percent of regular students scored 60 percent. Therefore, recorded data qualifies the hypothesis that
the programming students would score better on the test than the regular students.

G6 Constructing Workflow-Centric Traces in Close to Real Time
Computers
Neel Bhalla
Lexington High School

Diagnosing problems in large-scale distributed services is like finding a needle in a haystack. Such services can
be comprised of 1000s of individual nodes. Any subset of these nodes could be involved in a given request’s
processing and responsible for observed problems. To help, recent work on workflow-centric tracing records the
order and timing of requests’ execution within and among distributed-service nodes (i.e., records their workflows).
But, existing tracing
systems are unable to make traces available soon after requests’ execution, limiting their applicability. In this work,
we demonstrate how real-time stream processing systems can be modified and used to construct traces in real-time.
We also demonstrate how such real-time trace construction can be used for anomaly detection.
We developed a new model called Altair to capture workflow-centric tracing dependency graph of causally-related
events among the components of a distributed system. Altair model is able to contract the traces in real time and is a
big improvement to approaches that have historically been performed offline in batch fashion. The realtime approach
will have the trace data immediately available to engineers for their diagnosis efforts and improve the performance
of critical applications. The Altair Model is highly scalable and can be scaled to the production environment of even
the big service providers. We tested the system for the Hadoop File System which is a component in all distributed
systems, the trace reconstructed is agnostic to the underlying service and can be applied to any collection of services.
The Altair approach is based on graph abstraction and streaming framework and will provide the network operator
with a real-time understanding of the distributed systems.
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J4 AI Imaging and Machine Deep Learning to Detect Melanoma in Skin Growths
Computers
Vidushi Meel, Asritha Bodepudi
Lexington High School

If malignant melanoma is discovered early in a melanoma patient, chances of survival increase exponentially.
The difficulty with using object detection to identify moles as malignant or benign is that the database for moles
approved as either malignant/benign is at 10,000 images, 90% of which are benign moles. This makes it difficult to
train a computer to detect the differences between them, since the disparity between amount of images inputted as
benign or malignant would be too large and impact the accuracy rate negatively. Our solution was to use only benign
images and then output the probability that a mole is benign. If the mole inputted is malignant, the program will
output a probability far lower than its average accuracy rate for benign moles. For efficiency purposes, we used
YOLOv3 instead of convolutional neural networks so that the training time and storage used would be less than
other established object detection programs. Using an image annotation program (labelImage.py), we annotated and
labelled 3000 pictures of benign moles from the ISIC database, a large collection of multi-source images of
diagnosed malign/benign skin moles approved by dermatologists. We then created models using the training data
that are later used for training by running our training code, which creates trained models with unique accuracy rates
for later. Meanwhile, we wrote the code which the networks would use to train according to the inputted pictures.
We then tested the code (written in Python) on the model saved which has the highest mean average precision
(according to the results produced by the evaluation code “evalCode.py”) and received output images containing the
percent probability benign.

J14 The Value of Absolute Risk: Lessons from Allergy, Flu-Vaccine trials
Computers
Sruthi Kurada
Advanced Math and Science Academy

Results reported in the scientific literature often feature relative risk ratios, which tend to embellish findings.
Absolute risk ratios are more useful in conveying the true impact of an intervention or treatment. Yet, absolute terms
are often under-reported both in research studies and in the media. Through examining influenza-vaccine efficacy
assessment studies, I highlight the prevalence of this problem and its negative consequences. Further, through
statistical modeling techniques, I illustrate the critical long-term benefits of annual flu vaccinations despite
seemingly trivial single-year absolute risk reduction metrics. Despite the fact that the absolute risk difference
between the treatment and control groups in these studies is only 2%, my model projects that vaccinated patients
have a 33.4% less likelihood of catching the virus than the control group over a twenty-year timeframe. Additionally,
I tabulate the time horizons after which there was a 50% likelihood that a patient became infected. While the
unvaccinated cohort only has 18 years before they hit my model’s 50% threshold, I showed that vaccinated patients
have a much-longer 58-year time horizon. This statistically significant finding epitomizes the major benefit of
continued annual vaccination. Based on these findings, I argue that journals should mandate the inclusion of absolute
numbers in all published studies.
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J23 Modeling Microbial Interaction in the Intestine
Computers
Sharada Vishwanath
Algonquin Regional H.S.

The CDC estimates around 25,000 cases of candidemia in the United States nationally, with Candida albicans
being the most common human fungal pathogen. When treated with drugs, medical side effects or microbial
resistance may occur. Increasingly, scientists are turning to probiotics. To better understand yeast-probiotic
interactions, an Agent Based Model (ABM) was created to simulate the interplay between Bacillus subtilis
(beneficial bacteria), and C. albicans (infectious yeast) in the microbiome of a model organism Caenorhabditis
elegans.
After calibrating the generated survival curves from the model with experimental data, the model can be used to
predict the worm’s infection and survival rates when subject to complex food regimens. The ABM incorporates a
“small molecule” hypothesis suggesting that B. subtilis protects by secreting a small molecule that inhibits C.
albicans from attaching to intestinal epithelial cells of C. elegans. Comparison with experimental data will allow us
to test this hypothesis and provide an impetus for future work in this area. Developing an agent-based model that
addresses such complex microbial interactions leads to an increased understanding of the systems that pose
significant threats to public health.

J28 Classification of Political Bias in News Publications
Computers
Xinni Chen
Deerfield Academy

News publications subconsciously influence people’s political opinions. The majority of preexisting work in
this field has been focused on hyper-partisan and fake news. Therefore, this research introduces a Deep Learning
project to identify political bias in news publications. A model utilizing long short term memory (LSTM) and
convolutional neural networks (CNN) was constructed with the Keras application programming interface (API).
Specifically, it uses one-hot encoding and GloVe embedding to map out the semantic relationship. The system was
evaluated and trained on a public dataset of 142, 570 news articles. Test data from the CNN model reported an
accuracy of 96.74% in just 10 epochs.

K6 Air Gap Hack

Computers
Samuel Lopes Teodorak, Jaydam Aponte
Excel High School
After all, we came to the conclusion that methods that use EM waves as their medium of information exchange
between devices, is the best and most effective way of air gap hack a device, being able to transfer information
almost immediately. As already guessed before, it supports our claim that EM waves are the best way of air gap
hacking a device. Also already mentioned, our procedure was based on experiments that were carried by other
people that are experts in this area, and we did it by timing the methods that were being studied and their
difficulties/complexity, so that not all of them would be graded the same way. And as a final addition to all of our
results, is that radio waves are the best medium for data exchange when it comes to air gap hack.
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N1 Audio Source Location Algorithm for a Single Disaster Response Drone
Computers
Booyeon Choi
Middlesex School

For people in disastrous situations, such as skiers lost in an avalanche, or people lost in a catastrophe, such as an
earthquake, it would be enormously helpful and efficient if we could use drones to track the sound of the victim and
hover over the victims head to guide the rescuers to the victim quickly.
Using a pair of stereo microphones, it is possible to determine the angle that the sound is coming from based on the
ratio of the volumes that each of these microphones takes in. When the stereo microphones are positioned in an
orthogonal direction, it is possible to pinpoint the source of the sound on the ground. This is because the stereo
microphone can only tell left from right, so placing them orthogonally can pinpoint the origin of sound in a two
dimensional plane. When the drone first hears the sound, it will classify the sound into a voice or whistle using a
neural network trained to classify sounds into different categories. Then, depending on the identification of the type
of sound, it will apply a proper bandpass filter and then measure the volume of each pair of stereo microphones.
Using a calibrated linear equation for the log ratio of the volumes of each stereo microphone, the drone can
determine the angle of the sound. This process will happen iteratively until the drone reaches the source and hovers
over the victim’s head.

N17 Using Google Trends Data to Predict Incidents of Seasonal Illness
Computers
Shreya Jain
Middlesex School

The Influenza virus is a contagious respiratory illness that infected up to 42.9 million people in the 2018-2019
season and killed 61,200 people, according to CDC. Given the drastic impact of the disease, it is imperative that
doctors and hospitals are prepared to treat a varying number of patients each year and thus are able to accurately
predict the number of cases in advance. The Google Flu Trends project attempted to use Google Trends Data to
make such predictions. However, the project was unable to make useful predictions – their percent error for the peak
of the 2013 flu season had a 140% error – due to problematic models. Google Flu Trends’ algorithms used many
unrelated search terms – such as “high school basketball” – that correlated with past instances of the Influenza virus
to build their models. In addition to this faulty basis, the algorithms were very prone to overfitting the patterns of
these unrelated search term trends. Due to the project’s consistent inaccuracy, Google ultimately abandoned the
project in 2015. However, this thesis outlines a new novel model that uses predetermined search terms that are
related to the Influenza virus along with anti-overfitting techniques to accurately predict the number of Influenza
cases in the United States three weeks in advance. This new approach can dramatically improve hospitals and
doctors’ efficiencies and improve public health in general.

N24 Multi-Classification Application of Chinese News Text
Computers
Siyu Xin
Berkshire School

As the core of Internet text processing and text mining, text categorization has become a key research issue in
the field of natural language processing. The traditional methods mainly focus on shallow machine learning. With
the rapid development of deep learning technology, its image recognition and speech A huge research breakthrough
in the field of identification, the feature learning ability of the depth model is further proved. This paper is based on
the THUCNews data set, combined with word embedding technology, using TextCNN and RNN to achieve multiclassification of text. The experimental results show that the accuracy of TextCNN on the test set reaches 96.04%,
and the precision, recall and f1-score of all types exceed 0.9, and the accuracy of RNN on the test set reaches
94.22%, and various types of Precision, recall and f1-score, in addition to the home category, are over 0.9.
Comparing the two models, it can be seen that RNN is not very satisfactory except for the classification in the home.
Other categories are not much different from CNN, and further adjustment parameters can be used to achieve better
results.
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Can the NFL Decrease Plane Emissions?
Reducing the Output of Microfibers from Washing Machines
An Analysis of Behavioral Traits of Branta canadensis
Effect of Meteorological Conditions on PM Size Distribution
Effects of Mosquito Sprays on Ecosystems
Scarification Methods that Speed Up Germination
Plant Based In-Home Solution to Lung Problems Caused by Air Pollution
The Biofixation of CO2 Using Coccolithophore Algae
Using Mounting Systems to Improve the Power Produced by a Solar Array
Regenerative Effects of Homeopathic Therapy on Planaria
The Role of Microorganisms and Earthworms on Leaf Litter Decomposition
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Using Daphnia to Determine the Effects of Polluted Water
Effects Of Bug Spray On Vegetation
Carbon Conundrum
Examining the Efficacy of C. vulgaris As An Antibiotic Remover
Earth Against Erosion
Water Purification of Aquaculture Systems via Chitin-Based Hydrochar
The Effect of Water Contamination on Mussel Shells
The Dirt on Fertilizer
Plastic Waste in East Boston
Microplastic Characterization in Surface Waters Near Pacific Islands
Adaptations in Reproductive Patterns With C. Maculatus
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Tomato Plants Grown in Hydroponics Develop Tomatoes Faster Than Soil
Effects of Road Salt on Local Water Bodies and Plant Life
Prevalence of Microplastics in Commercial Salts
Different Types of Materials Against Wave Erosion
Giardia Detection in Local Bodies of Water
Antibiotic Effects on Tenebrio Ingestion of Styrofoam
Finding the Least Impactful Ice-Melt Solution for Local Plant Life
Improving Hydroelectric Power
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Copper Leaching and Its Impact on the Ecosystem
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Absorbing CO2 with KOH
Wood Smoke’s Affect on Lungs
The Effect of Microplastics on Zooxanthellae
Alternative Sea Barriers
How Copper Leaches Into the Water
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A6 Can the NFL Decrease Plane Emissions?
Environmental Science
Ziyad Ghalayini
Westfield High School

This project shows that updating the NFL’s divisions could result in a 31.0% decrease of CO2 gas emitted from
planes flying for divisional games. This can be applied to the NFL, or any sport that runs on divisional games being
played more than other games.The project was to see if it would be possible to decrease a substantial amount of CO2
gas emissions produced by planes in the NFL by rearranging the teams in each of its 8 divisions. A substantial
decrease would be at least a 25% decrease.
The kgs of CO2 released was determined by adding up all the distances between the teams’ stadiums in each
division (in kms). Multiply it by two since they face off twice a year, then by 35.3 kg/km which is the kgs of CO2
released by a Boeing 767, the standard plane used by NFL teams. This was done to each division before and after
modifying them in order to see the difference that rearranging the teams made.
The default divisions had a total of 3,196,697 kg of CO2 and the modified divisions had a total of 2,206,603 kg of
CO2. This resulted in a 31.0% decrease in kg of CO2 emitted, surpassing the 25% goal. 6 of the divisions
individually decreased, 1 was left unchanged, and 1 increased only so that another could decrease.

A16 Reducing the Output of Microfibers from Washing Machines
Environmental Science
Kai Chen, Yasmin Nyman
Bourne High School

The popularity of synthetic fabrics as an alternative to natural fibers continue to rise, but concerns have also
risen over their potential effects on the environment. These fabrics, when washed, release hundreds of thousands of
ocean polluting microfibers. In this experiment, the output of microfibers between the cycle choices of Regular,
Permanent Press/Knits, Delicate, and Quick Wash was measured to determine if microfiber output can be reduced by
choosing a certain cycle over another.
For the experiment, polyester fleece was laser cut into identical rectangles. Two such pieces were then washed in an
Amana 3.5 cubic feet top-loading washing machine. To ensure accurate data, an additional rinse cycle ran between
each wash, the same temperature and load size setting was used, and new pieces of fabric was washed each time.
Next, three 200ml water samples were collected from the water before the initial drain and passed through coffee
filters. Each filtered sample is counted twice by each member to get four total counts. The mean count per sample
was found and the mean and standard deviation per cycle was found. It was assumed that all conditions for
constructing a 2 sample t-test were met, and 6 tests were performed for each of the cycle combinations pairs.
The p-values between the Delicate cycle and the three other cycles were all less than the alpha level of 0.05, with the
highest being 0.00062 between Delicate and Quick Wash. The null hypothesis that there is no difference between
microfiber output between cycles is rejected. As hypothesized, Delicates had the lowest count. Although,
technically, the cycle with the highest output cannot be determined as there is no statistical evidence suggesting that
the output between the three other cycles are different.
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B1 An Analysis of Behavioral Traits of Branta canadensis
Environmental Science
Theodore Tonna
Bancroft School

The purpose of this study was to examine behavioral characteristics of the AFRP Canada Goose population
through observations of their interactions. The bimodal data pattern of intraspecies geese interactions suggests that
Canada geese are more likely to act strongly positive/negative, with few true neutral interactions. Typically,
interactions between geese and other waterfowl (Mute Swans and Mallards) are rare and typically won’t occur even
if they are in the same area. When the interactions do occur, they will usually be neutral, with the occasional
aggressive interaction. No positive interactions were recorded. When the temperature was close to or below freezing,
interactions would be neutral or positive, or not occur, because the geese were more focused on conserving body
heat and their own survival.
In situations where the geese interacted with people, interactions were typically neutral. It was observed that if
people did not show disruptive or erratic behavior, the geese would typically ignore them. If the people approached
the geese with any perceivable negative intent, the geese would return to the water and avoid them. If the people
were loud and aggressive towards the geese, or if they had a dog, the geese would usually hurry to the water,
sometimes honking to alert the other geese of the danger. When the geese were observed in are with humans present
and visible, the geese showed a more diverse set of interactions than they did if there were no people.
Branta canadensis is a common, year-round resident of many parts of America. In many areas, they are considered a
nuisance and extreme efforts are constantly taken by local governments and private property owners. In
understanding their behavior, more insight is gained on how to control their population.

B6 Effect of Meteorological Conditions on PM Size Distribution
Environmental Science
Jennifer Li
Lexington High School

Particulate matter, or PM, refers to suspended air particles which can cause detrimental health effects after long
term exposure. In addition to natural sources such as pollen, bushfires, and dust storms, industrial sources including
automobile emissions and mineral processing continue to release particulate pollutants into the atmosphere. These
particles can be classified as PM10 (less than or equal to 10 micrometers in diameter) or PM2.5 (less than or equal to
2.5 micrometers in diameter). This study investigates the effects of meteorological conditions on PM size and
concentration. Airborne particles were collected and the number of particles with diameters less than or equal to 10
micrometers were recorded, as well as the number of particles with diameters greater than 10 micrometers. The
results indicated that an increase in the concentration of particles larger than PM10 correlated with an increase in
wind speed and a decrease in humidity. However, the concentration of PM10 was not significantly affected by wind
speed or humidity.
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B18 Effects of Mosquito Sprays on Ecosystems
Environmental Science
Sarah Cirame
Malden Catholic High School

This experiment focuses on the effects that spraying for Mosquitoes will have on ecosystems. The purpose of
this experiment is to show if spraying insecticides on ecosystems will have a positive or negative effect on the water,
soil, and plant growth in each ecosystem. It is important to find if spraying insecticide on an ecosystem will have a
negative effect on the environment because it happens so often.The water and soil were tested from the control and
sprayed ecosystems and the plant growth was observed. After compiling all the data that was recorded, it was found
that there was a negative effect on the ecosystem that had been sprayed with insecticides due to the lack of oxygen in
the water.

B20 Scarification Methods that Speed Up Germination
Environmental Science
Fiona Berberi
North Quincy High School

Lima beans were planted using three different methods of scarification and left to germinate in an area with
natural light for 5 days in order to determine which method produced the highest increase in seed germination. It was
hypothesized that if lima beans were scarified chemically, thermally, and mechanically, then the seeds treated
chemically will produce the highest increase in seed germination. Lima beans were soaked in 82º C water for 30
minutes for thermal scarification; they were rinsed in a 3% H202 and water solution for the chemical scarification
method. For mechanical scarification, a small section of the lima bean’s seed coat was clipped off using a nail
clipper. For the control, the seeds were not scarified at all. The seeds were then placed in plastic baggies on top of a
paper towel soaked with its corresponding solution. After leaving them by a window with natural light for 5 days,
the lima beans were taken aside and the data was recorded. Overall, it was shown that lima beans had the highest
percentage of germination when planted using the chemical scarification method, as hypothesized. Chemical
scarification was proved to be the most efficient method of scarification, as the lima beans planted using this method
had a final average germination percentage of 75% , higher than that of thermal (20%), mechanical (72%), and the
control (50%). This information could be useful to farmers, gardeners, and climate change activists as knowing the
most efficient scarification method that can speed up germination, could help them plant more crops in a shorter
amount of time and help climate change activists regulate climate change by allowing them to plant a larger amount
of trees in a shorter amount of time, and it could also contribute to world hunger greatly.
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C2 Plant Based In-Home Solution to Lung Problems Caused by Air Pollution
Environmental Science
Jyoti Bhardwaj
Acton-Boxborough Regional High School

Globally, air pollution is a significant concern for human health. Exposure to air pollution has led to a wide
variety of adverse health outcomes, including an increase in respiratory illnesses(asthma), COPD, and many forms of
lung cancers. Particulate matter (PM), a significant portion of air pollutants, is used to describe the mixture of
suspended solid and liquid particles. Human-made sources of PM, notably PM2.5, are a significant indicator of air
pollution in a given location. The level of air pollution is relatively the same indoors as outside, therefore methods to
both measure and reduce indoor air pollution were implemented. Plants are natural detoxifying agents that remove
PM waste from the atmosphere. Using biomedical engineering principles and machine learning approaches, we
tested whether placing specific plants indoors can reduce the indoor levels of PM. We tested our hypothesis in three
highly polluted cities in India, namely Ghaziabad, Delhi, and Gwalior. Sensors placed in a room of a home
transmitted real-time data of the PM to the cloud-interface every minute. After the baseline data recording(7 days),
selected plants were introduced into the homes for five weeks as an intervention. The data analyzed using AI-based
approaches represented both the basal trajectory and the intervention-induced changes in air pollution-related
parameters. Our data showed that plants improved the quality of the air in the room. Levels of PM2.5 were reduced
dramatically(35%) in the rooms when compared to the average levels measured outside the house. As high PM
exposure in humans is associated with many diseases, our research suggests that plant-based intervention coupled
with sensor and cloud-based applications may be useful in the long run to reduce indoor air pollution.

C12 The Biofixation of CO2 Using Coccolithophore Algae
Environmental Science
Nikhil Khond
Stoughton High School

Carbon dioxide or CO2 using biological process is one of the promising approaches for CO2 capture and
storage. Recently, biological sequestration using microalgae has gained much interest due to its capability to utilize
CO2 as carbon source and biomass produced can be used as a feedstock for other value added products for instance
biofuel and chemicals. In this project, it explores the CO2 fixating abilities of coccolithophorid algae.
Coccolithophorid algae have the ability to produce external calcified cells known as coccoliths. These coccoliths
require CO2 in order to be produced. The advantage of this is that unlike most algae (or trees) which release CO2
when they die, these algae keep it locked up in their shells, which sink to the bottom of the ocean and produce
limestone. This means this CO2 will permanently be locked up and not released back into the atmosphere. In this
experiment the algae were put under different concentrations of Fe (NO3)3, Iron (III) Nitrate. The different
concentrations the algae are tested under are 0.095 ppm, 0.045 ppm, 0.024 ppm, 0.19 ppm and 0.38 ppm. The best
iron concentration will be determined by testing the amount of CO2 left inside the bottles after cultivating. The gas
will be tested with a CO2 gas sensor. Doing this will arrive at a close number to what the algae can tolerate in terms
of iron and which is the best for their growth.
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C19 Using Mounting Systems to Improve the Power Produced by a Solar Array
Environmental Science
Michele Schremp
Bishop Feehan High School

The goal of this research was to use a mounting system composed of a solar cell array on concave and convex
surfaces to improve the power production of both amorphous and polycrystalline solar cells. Solar cells can be
flexible, when made from amorphous silicon, or rigid, when made from polycrystalline silicon. The power produced
correlates to the amount of photons that hit the surface of the photovoltaic material and it changes as the sun moves
through the sky due to the time of day and the time of year. The shape of the mounting systems is chosen to optimize
the solar array’s exposure to the sun. In tests it was found that the concave mounting system produced an average of
18% more power than the control, when the array was positioned at different angles relative to the light source.
Another approach is to periodically change the position of the mounting system to reflect the changing position of
the sun. Solar trackers can improve power production by 45%, but they require power to operate, costing the system
energy. Since solar cells produce electricity, the second goal of this research was to determine whether the solar
array could charge batteries that power a device that changes the position of the mounting system as the orientation
of the light source changes. The solar cells were able to charge batteries that were used to power a small Arduino
microprocessor that could be used to reposition a solar array on the mounting system.

C28 Regenerative Effects of Homeopathic Therapy on Planaria
Environmental Science
Tahnyia Black
Assabet Valley Vocational High School

Adults and children all over the world are left with scars and open cuts due to the lack of medical care and easy
to access products. Most adults do not even know that there is access to many at home remedies that can be used
easily. During this experiment, a homeopathic product (Vitamin E) was used to determine the different effects of the
regeneration of planaria over a course of three consecutive days. Previous work has failed to address the positive
effects that homeopathic products have on the human body, and this project shines a light on that subject. Although
the experiment used planaria as comparison to humans for this experiment, to test the hypothesis. The experiment
began with making sure that each planaria was fully grown and healthy. The planaria were fed once every two days
for one weeks. A pipet was then used to transfer one planaria into each of the twelve petri dishes. A scalpel was then
used to cut each into as equal as possible pieces. The testing group was given small amounts of vitamin E and
measured for three days. After much research and experimentation it could finally be concluded that planaria were
affected in a positive manner by the homeopathic product that was chosen.
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D4 The Role of Microorganisms and Earthworms on Leaf Litter Decomposition
Environmental Science
Pablo Flores Munoz
North Quincy High School

This project focuses on the following question: Is there a relationship between the number of microorganisms
and earthworms and the rate of leaf litter decomposition of the tree species Tilia Chordata? Two parallel experiments
were carried out with the following hypothesis: If the number of microorganisms and earthworms Eisenia fetida are
increased in soil treatments, then the rate of leaf litter decomposition will increase. To evaluate the effect of
microorganisms alone, 36 small mesh litterbags, that prevented the entry of invertebrates were filled with 2g. of dry
leaves. They were buried in boxes containing 2 kg of soil with 5 different proportions of fertile and sterile soil, and
controls. To evaluate the effect of microorganisms and earthworms, another experiment was done which consisted in
the incubation of 126 litterbags, with the same 5 soil treatments, combined with the addition of 0, 2, 4 and 8
earthworms. Litterbags had a mesh size of 3 mm, to allow the entry of the earthworms. All samples were incubated
for 6 weeks. After this period, they were unearthed and washed. The dry mass of the remaining litter was weighed,
and Leaf Decomposition Rate (LDR) was calculated as the percent of leaf mass loss after incubation. The mean and
standard deviation were calculated for all treatments. Regression analysis was performed for each treatment, to
evaluate the response of LDR to different proportions of fertile soil, and varying numbers of earthworms. One way
and two-way ANOVA and LSD multiple comparisons were carried out. For microorganisms (R2= 0.504, p<0.001).
The ANOVA was significant and there was only one different treatment. In conclusion, this experiment gives
moderate evidence to support the initial hypothesis.

D5 Natural Ant Repellent
Environmental Science
Kaitlin Price
Westfield High School

This project presents a way to repel ants using an environmentally safe option. The idea for the experiment was
to determine a method to repel unwanted ants before they could infest an area. From my research, I learned that the
smell of lemon juice, cinnamon, vinegar, and peppermint extract covers the scent path of Harvest ants and
peppermint harms their ecosystem. Based on my research, those substances were chosen as the repellents. I made a
mat that has rings that are an inch apart going around the source of the repellent to help determine the distance of the
ants. I took four pictures at one, five, ten and fifteen minutes during the experiment. I counted the Harvest ants in
each distance ring. To analyze the data I used bar graphs to graph the amount of ants at each distance and to see the
time rate they move away. I used the average of the number of Harvest ants at every distance for the three trails of
each repellent. From my results, I found out that the best repellent to use is peppermint extract.
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D16 Eliminating Plastic Waste
Environmental Science
John Pearl
Bishop Feehan High School

The goal of this experiment is to show how ocean acidification (pH levels lowering towards a more acidic level)
impacts the life of shellfish, specifically mussels, clams and lobsters. The hypothesis was that if the mussel and clam
were exposed to lower pH levels, then they would begin to deteriorate, because the acid would break down the
calcium carbonate shells. If the lobster was exposed to lower pH levels, then it was hypothesized that it would not be
affected because the shell is not made of calcium carbonate and therefore should not react with the acid. In the
experiment clam, mussel, and lobster shells were put into jars of pH 3.5, pH 7, and pH 8 for a two-week period. The
shell masses were recorded at the start of the experiment and at the end of two weeks. At the conclusion of the study,
it was observed that the shells in pH 3.5 saltwater lost 49% (lobster), 83% (mussel) and 98% (clam) of their original
mass. The shells in pH 7 saltwater lost small amounts of mass, about 3% for lobster and 1% for clam and mussel.
The shells in pH 8 seawater did not show any change in mass. This experiment supports claims that ocean
acidification, which is closely linked to climate change, may have adverse effects on shellfish.

D18 Conventional vs. Eco-Friendly Detergents
Environmental Science
Emily Kuang
North Quincy High School

Detergents contain substances known as surfactants. Surfactants have a hydrophilic and hydrophobic end. The
hydrophobic end creates another substance known as micelle which helps remove dirt and other stains from the
surface of the material. Micelle getting into ocean and river systems are harmful to the animal life. Therefore an ecofriendly alternative is much needed. If there is higher concentration of eco-friendly detergent then the amount of ink
absorbed will be the same as conventional detergent medium concentration. 3in x 3in cloths soaked in 250mL of
water. The concentrations from both detergents had 30mL for low, 45mL for medium, and 60mL for high
concentration. All the cloths soaked in the solution for 30min which is the average duration of a wash cycle. The
amount of absorbance in the solution was later measured with a spectrophotometer. Overall the experiment resulted
with the conventional detergents having the highest absorbance averages with high of 0.140Au, medium of 0.128Au,
and low of 0.115Au. Units measured in Au (absorbance units). This shows that my hypothesis was not supported.
Comparing this with the eco-friendly detergent which resulted in averages with high of 0.098Au, medium of
0.088Au, and low of 0.083Au. These results overall make sense because according to Beer’s Law, it says that the
higher the concentration is then the higher the absorbance will be. Eco- friendly detergents are also made with all
natural ingredients. Therefore the results of the lower averages make sense. This is important to the science
community because finding an alternative is important to our own health as well because many may still contain
phosphates which may lead to osteoporosis, cardiovascular diseases, and sometimes even death.
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D19 Using Daphnia to Determine the Effects of Polluted Water
Environmental Science
Olivia Weber
Taunton High School

As advancements in agriculture are made, new fertilizers are produced, and the effects of these fertilizers are
often negative on surrounding organisms, including humans. This experiment uses Daphnia Magna as bioindicators
to investigate how two different fertilizers affect population and heart rates. Three different conditions were used as
habitats for these Daphnia, a control with just water, a condition with urea, a nitrogen based fertilizer, and a
condition with diammonium phosphate, a phosphate based fertilizer. It was hypothesized that if Daphnia live in these
three conditions, then the Daphnia in the urea fertilizer will experience the largest population decrease, and the
lowest heart rates. The effects of these two fertilizers will demonstrate the impact of farm runoff water. Daphnia
were placed in these three conditions for two days, each day measuring a heart rate and population. The hypothesis
was proven correct, and the Daphnia exposed to the urea fertilizer had the lowest heart rates and the highest death
rates. After 24 hours of exposure, only one daphnia exposed to urea was still alive, and it had a significantly lower
heart rate. The daphnia exposed to DAP had a total of three daphnia (out of six) still living after 24 hours, these
daphnia had low heart rates as well, compared to the control daphnia. After two days all the daphnia exposed to
fertilizers died. These results can be explained by the high amount of nitrogen in urea, which contaminates the water
and is deadly to daphnia, where as DAP has phosphate, which is less toxic to organisms and has less of an effect on
acidification and pH.

D25 Effects Of Bug Spray On Vegetation

Environmental Science
Matthew Antonio, Talal Siddiqui, Matthew Cloutier
Maynard High School
During the fall of 2019 there was an increase in cases of eastern equine encephalitis in central Massachusetts,
and this caused us to miss many outdoor events. During this increase bug spray was sprayed more often. This got us
wondering, is all this bug spray harmful? With this project we have set out to discover if commonly used bug sprays
are harmful to vegetation. We tested if navy beans and black beans still grow after being sprayed with different kinds
(active ingredients and concentrations) of bug sprays.
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D26 Carbon Conundrum

Environmental Science
Rachelle Harpin
Assabet Valley Vocational High School
The topic of study is how to remove the excess Carbon Dioxide (CO₂) from the atmosphere to benefit reducing
global warming, since it is one of the main global warming gas emissions. Global warming is a mass issue of the
global climate steadily increasing due to abundant emissions in the air. It is only going to be able to be controlled,
stopped, or reduced if there is a global effort in implementing methods to help. In using algae, this experiment seeks
to absorb a sufficient amount of CO₂ naturally to aid in controlling climate change with no secondary repercussions.
To find out how much CO₂ is in the atmosphere a Vernier Carbon Dioxide Gas Sensor attachment was used to
measure the CO₂ parts per million (PPM) of an enclosed area; the enclosed area represents the general atmosphere
the algae would be consuming the CO₂ from. The specimen selected is the strain of algae Chlorella, a durable strain
of algae that reproduces quickly. Even though the 30% algae solution most efficiently reduces the amount of CO₂ in
the atmosphere, all of the algae solutions steadily decreases the amount of CO₂ in the atmosphere, no matter if it is a
30%, 20% or 10% algae solution. This experiment shows algae is able to naturally take a sufficient enough amount
of CO₂ from the atmosphere to be able to aid in containing global warming, if it were to be implemented on a global
scale.

F4 Examining the Efficacy of C. vulgaris As An Antibiotic Remover
Environmental Science
Andrew Yang
Mass. Academy of Math & Science

The emergence of antibiotic-resistant bacteria in recent years, commonly known as "superbugs," is estimated to
cost $65 billion per year and kill over one million Americans by 2050. Since increased antibiotic usage leads to more
drugs entering public water, it is necessary to remove antibiotics before bacteria are exposed to them and become
resistant. For this project, algae were chosen as a possible way to remove the antibiotics, since it is already known to
be able to remove other pollutants from the environment. Algae were grown over several weeks and then extracted at
two concentrations. The antibiotics ampicillin and kanamycin were added to the algae, and at 24-hour time intervals,
the amount of remaining antibiotics was measured by performing a disk diffusion test. After several rounds of
testing, the inhibition rings of algae-treated samples with ampicillin were consistently smaller compared to the size
of the rings in the non-treated samples across all time intervals. Contrastingly, the rings of inhibition in all of the
kanamycin samples did not have the same difference in size. An ANOVA was performed between the ampicillin
control and each algae concentration, which resulted in p-values much lower than the 0.05 threshold needed to refute
the null hypothesis. However, after performing an ANOVA on the kanamycin data, the p-values were higher than the
threshold needed to refute the null hypothesis, showing that the algae could not remove kanamycin. Therefore, the
data strongly suggests that algae can remove ampicillin from water. This shows that algae can be a sustainable and
effective method for antibiotic removal, which is especially important given the urgency of the problem.
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F14 Earth Against Erosion

Environmental Science
Tayden Shaw-Nelson, Ella Pacheco
Bishop Stang High School
The purpose of the experiment was to see different materials’ reaction to erosion and determine which materials
had the least and most amount of erosion. We believed that the materials that had the highest density would have the
least amount of erosion. To test this, a model was built by putting six water bottles on a platform, which was slightly
tilted, and having cups underneath in a bin to catch the runoff. Each water bottle was filled with a different material
and was measured. Once measured, they were placed back on the platform. Next a cup of water was run through
each material, and the runoff was caught in the cups. When the materials were dry, after water running through them,
they were measured again and compared to find the amount lost because of erosion. Our results were that the
pondfill lost the most, then the coarse sand, loom, fine sand, potting soil, and the one with the least amount of runoff
was the mulch. In conclusion, our hypothesis had to be adjusted to fit our findings. We concluded that the materials
that were able to absorb the most amount of water will erode the least.

F26 Water Purification of Aquaculture Systems via Chitin-Based Hydrochar
Environmental Science
Kimberly Stochaj
Mass. Academy of Math & Science

As the demand for food continues to grow, the sustainability of food production industries must be improved,
specifically the fast-growing shrimp farming industry. One method of improving sustainability is the use of cradle to
cradle design, in which a waste product from a process is implemented into that process. This could be done by
taking the solid wastes produced from shrimp farming, including shells, heads, and tails, and putting them through a
hydrothermal carbonization (HTC) reaction in order to create a solid char for the absorption of various wastes. The
goal of this study was to determine if various pretreatment methods could increase the absorption capacity of a
chitin-based hydrochar. To determine this, shrimp which was blended was compared to that which underwent the
mechanical pretreatment of dry ball milling. These samples underwent HTC reactions at a 200°C at residence times
of 24 and 36 hours. The absorption capacities of chars and raw shrimp material were tested against Copper Nitrate, a
model inorganic waste, and measured using inductively coupled plasma (ICP) mass spectroscopy. Of the chars
tested, none showed a significantly different absorption capacity. Raw shrimp waste showed a 430% increase in
capacity over the non-ball milled shrimp char. These results suggest that raw shrimp waste could be an effective
absorbent of inorganic wastes in aquaculture systems.
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F28 The Effect of Water Contamination on Mussel Shells
Environmental Science
Kaitlyn Vu
North Quincy High School

Four local water sources were tested for contamination level and the effect of water pollution on the
deterioration rate of mussel shells was studied. The hypothesis of the project stated that the water samples from
Marina Bay Boatyard would have the highest contamination level and therefore would cause the highest
deterioration rate of the mussel shells. To begin experimentation, the four water sources and two control solutions
were tested for contamination level on the basis of pH, KH, and TDS. The water source with the lowest pH, lowest
KH, and highest TDS would have the highest contamination level. Greenshell mussel (Perna canaliculus) shells were
then placed into samples of the water sources for four weeks, and the weight of the shells was measured before and
after submergence. The recorded pH levels ranged from 6-7, the KH levels ranged from 83.5-107.4, and the TDS
levels ranged from 7248.3-9645.7 ppm between the water sources. Unexpectedly, the weight of the mussel shells
increased by 1-2 grams between the initial and final weighting. It was concluded that Blacks Creek had the highest
contamination level in terms of pH, at 6, and KH, at 83.5 ppm, while Wollaston Beach had the highest contamination
level in terms of TDS, at approximately 9645.7 ppm. In addition, since the weight of the mussel shells increased
between the initial and final weighing, no conclusion could be drawn from the results in terms of deterioration rate.
Overall, the effect of water contamination on calcium carbonate organisms, including mussels, should continue to be
monitored as the pollution of the world’s oceans increases.

G7 The Dirt on Fertilizer
Environmental Science
Samantha Eatough
Somerville High School

This project investigates six different fertilizers, three solid and three liquid, in an attempt to gain a better
understanding of the serious issues accompanying fertilizer runoff, as well as determine which fertilizer(s) had the
highest Nitrogen levels. The six different fertilizers had varying Nitrogen levels from 1% to 12%. The hypothesis
was that the fertilizers with the highest percentage of Nitrogen would have the highest level of contaminants in their
runoff. Calculations were made to determine equivalent water to fertilizer ratios, and the water to soil ratios for 1
liter of soil for each fertilizer, because the instructions for use were different for each one. Runoff simulations were
created for each of the six fertilizers. The runoff was collected and Nitrate, Nitrite and Ammonia levels were tested
using API Master Freshwater Test Kit after filtering the runoff to get a clear reading. Results did not prove the
hypothesis. Runoff from fertilizers with only 1% Nitrogen had a higher Ammonia level than fertilizers with 12%
Nitrogen. The fertilizers with the highest percentages of nitrogen were solid fertilizers, so they may have been
manufactured to release the nitrogen and nutrients over time, and not get flushed into the runoff right away, or the
soil may have absorbed most of it which could suggest activity of microorganisms present in the soil. Although zero
traces of Nitrite were measured, higher than 2ppm of Ammonia was measured in the runoff from all of the fertilizers,
which shows us that all of these fertilizers can be harmful to aquatic ecosystems, and these Ammonia levels can
especially harm sensitive organisms like snails and mussels. It is necessary for us to note this so we can make further
attempts to save these ecosystems.

Section 6 - Page 105 of 162

G12 Plastic Waste in East Boston

Environmental Science
Yeraldin Lopez Betancur, Camilly Fernandes Freitas
East Boston High School
Plastic is carelessly being thrown out and now we are seeing the global effects of plastic pollution, especially on
marine environments.This project studies and analyzes sources of macroplastics, mesoplastics, and microplastics of
three different locations in East Boston. By surveying three different locations and collecting plastic waste in these
areas, preliminary findings show that a large number of microplastics, are what are classified as secondary
microplastics, meaning they originate from larger pieces of plastic that have broken down over time. Other patterns
in sources and types of common plastic waste have been found. With a data collection method that ordinary citizens
can perform and record, citizen science can be used to collect data about the prevalence and types of plastic waste.
More importantly, this information can help citizens and organizations direct their activism towards the
people/companies who are responsible for the plastic waste. In the future, analysis of plastic waste at the local level
similar to what has been done in this project can be used to support initiatives such as bans on plastic straws and
other single use plastics, or development of alternatives for plastic products.

G20 Microplastic Characterization in Surface Waters Near Pacific Islands
Environmental Science
Sarah Thieler
Falmouth Academy

Microplastics in aquatic environments pose a threat to water quality and the health of the organisms that live
there. The islands of the Pacific Ocean are a unique environment for microplastics; the North Pacific Subtropical
Gyre creates an accumulation zone near the coast of Hawaii. This study observed the composition and size of
microplastic samples from Hawaii and Tahiti. Surface tows from a ship were selected from the coasts of both islands
and the same number of plastics were selected for both locations. Particle type and color were observed and
recorded. Plastics were scanned into image analysis software where size dimensions were recorded. Hawaii had the
largest amount of particles in the 0.1-1 mm2 area range, while Tahiti had the largest amount of particles in the >10
mm2 range. The average fragment area between the two locations was found to be significantly different. A Raman
spectrometer was used to identify different polymers in the plastic; the most common was polyethylene (69% of
readable samples in Hawaii and 56% in Tahiti). Hawaii’s pieces were yellowed and smaller, suggesting the
involvement of a current flow that accumulates plastics, exposing them to more weathering processes. The color
retention and larger size of the Tahiti samples may be a result of less weathering compared to the Hawaii samples.
The hypothesis that the composition of collected microplastics would vary depending on the location of the samples
and the current flow affecting that location was supported by the findings.

G21 Adaptations in Reproductive Patterns With C. Maculatus
Environmental Science
Isabelle Staco
Brockton High School

C. Maculatus, or Bean Beetles, are insects that are known for their larvae feeding and developing in Fabaceae
beans. This happens by when the females are inseminated, they will lay fertilized eggs on the bean's surface. After
the egg hatches, the larva will dig a hole from its egg, through the seed's surface, and into the center of the bean
without ever contacting the ecosystem outside the egg. The larva will feed on the bean's endosperm and travel up to
the seed coating right before pupation (final stage of metamorphosis). The beetles have many predators and prove
themselves to play a valuable role in their food web, however with the extinction crisis with birds, reptiles, and
amphibians, improving the availability of bean beetles can reduce competition among their predators. If the sizes of
the bean can be reduced, it will leave more opportunities for eggs to be laid on the beans but it would provide a
smaller amount of living space for the larva to develop. The purpose of this experiment is to investigate how a single
generation of Bean Beetles would adapt if their breeding ground surveyed different amounts of damage and how it's
larva would survive. Using various cultures, this was achieved by creating 5 identical cultures with each group of
beans being destroyed by a scalpel. Here I successfully cultured the beetles into a new bean species and observed the
cultures until eggs were laid and its larva hatched from the beans.
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H3 Determining the Best Method for Encouraging Indoor Home Gardening
Environmental Science
Nazneen Sheikh, Anchal Mahajan
Billerica Memorial High School

The experiment we decided to complete is how to determine the best method for encouraging indoor home
gardening. The reason for doing this project is to help the world lower their carbon footprint, starting on a small
scale. We have utilized four different indoor methods for growing Swiss Chard. These methods are planting in soil
under sunlight, hydroponics under sunlight, soil under grow lights, and hydroponics under grow lights. For our two
hydroponic methods, we used the Kratky Method. This is an efficient technique for home gardeners that requires
minimal work. By starting on a small scale, we can slowly encourage more and more people to plant their own food,
to help the environment. Our experiment is still ongoing, but so far the plants growing in soil and sun have the
highest average height of 3 cm, as of February 21, 2020. The method with the lowest average height, is the
hydroponics and sunlight method, with an average of 0.625 cm. The hydroponics and grow lights method has an
average height of 2.5 cm. The plants growing in soil under grow lights have an average height of 2.75 cm. This is
disproving our current hypothesis which states the swiss chard plants hydroponically under grow lights, will be the
best method. The stages of the experiment are still early, so the results may change later on.

H9 Herbivory-Induced Effects on Community-Wide Pollination Services
Environmental Science
Kexuan Huang
Concord Academy

Plants and pollinators in a community form a complex mutualistic network. Herbivory can induce changes in
floral traits that influence a plant’s ability to attract pollinators. Recent studies have shown that disturbances to key
interactions in the networks can cascade to affect other species. I investigated the effect of herbivory on a dominant
species in community-wide pollination services and the role that the overlap in the composition of the pollinator
communities between two plant species plays in this process. I created pairs of plots in a community where
milkweed (Asclepias syriaca) was the dominant plant species. I simulated herbivory on milkweed in one plot, while
the other plot remained undamaged as a control. I then measured the pollinator composition of the dominant and
non-dominant plants, and the pollination service of the neighboring plants in all plots. I found that damage caused by
herbivory reduced pollination service to one neighboring plant species but had no effect on that of another
neighboring plant species. I developed a model to explain the impact of both herbivory to dominant plant species and
pollinator community overlap on the pollination services of neighboring plants.

H11 Are Ma Emergency Water Sources of Potable Water Safe to Drink?
Environmental Science
Phillip Pepin
Boston Latin School

On May 1st, 2010, a major rupture of a water pipe that brought water from the Quabbin Reservoir caused a
disruption of water supplies, and causing unsanitary water conditions for the Greater Boston Area. The MWRA
(Massachusetts Water Resources Authority) was forced to draw water from multiple water sources from around the
state. In the case of this event ever happening again, many large bodies of water became designated as emergency
reservoirs and protected.
The quality of water can be based on multiple factors. 3 of these factors that can judge the overall water quality of a
body of water is the pH of the water, and the concentrations of Nitrates and Phosphates. The pH of water being
below or above it’s normal pH of 7 can show the presence of pollutants in the water that cause an abnormal change
in pH as well as what animals can thrive within it. The concentration of Nitrates can help determine that presence of
pollution by fertilizer and liquid waste run off which is harmful to the ecosystem and makes water unsafe for
consumption in high concentrations.. The concentration of Phosphates which are a chemical containing the element
Phosphorous, determines the amount of pollutants fertilizer and lawn treatment products. These Nitrates and
Phosphates often affect the growth of local flora and cause large spikes in growth of algae which can damage the
body of water’s ecosystem and harm local wildlife.
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H15 Determining the Effectiveness of Several Water Purification Methods
Environmental Science
Sami Pannenborg, Irene Erickson
Hopedale Junior Senior High School

This project explored several means of water purification to determine which is the most effective method. The
experiment was conducted by gathering a few freshwater samples and applying various procedures to remove
contaminants. The pH level of each sample was measured before and after each process. The results demonstrated
that the samples were the most affected by distillation, with an average increase of 0.45 pH units. Based on the
results, the conclusion was drawn that using distillation is the best method due to its high effectiveness, low cost, and
low duration.

H16 Measuring the Efficiency of Deicers on the Environment
Environmental Science
Dominique Dang
North Quincy High School

The deicing efficiency of five deicers: sodium chloride, calcium chloride, calcium magnesium acetate (CMA),
beet extract, and rock sand was tested by measuring the amount of ice melted for every 15 minutes. The effect of
these deicers on plant germination was also tested by measuring the grass length of seeds germinated in deicer
solutions. The hypotheses are: (1) if sodium chloride, calcium chloride, CMA, beet extract, and rock sand were
tested for their efficiency to melt ice, then calcium chloride would be the most efficient one, melting the largest
amount of ice in a certain amount of time and (2) if the length of grass were measured after germination in solutions
of different deicers, then the seeds germinated in CMA solution would have the longest length. In this project, beet
extract was proven the most efficient at melting ice. Beet extract melted an average of 8.1 mL of water per 15
minutes, compared to 6.6 mL by CaCl2 and 5.5 mL by the control. Additionally, beet extract deicer had the least
impact on plant germination. After 12 days of germination, the average grass length of seeds germinated in the beet
extract solution was 2.54 cm as compared to 2.69 cm from water control. CMA’s average length of grass was 2.26
cm, ranking second. Findings from this project would help spread awareness and mindfulness of road salt usage and
impact on the environment, and at the same time, address the need for further research by scientists and governments
to find the best and perfect deicer that currently does not exist.

H20 Optimizing S. cerevisiae Population Networks for Ecological Resilience
Environmental Science
William Park
Northfield-Mt.Hermon School

Contemporary advances in graph theory and network science allow ecologists and biologists to develop
methods to preserve our ecosystem. One of the ways ecosystems have been preserved is through government
involvement. Government-funded organizations safeguard endangered populations by creating protected areas. Such
areas can serve a specific purpose, like wildlife corridors that connect populations separated by humans. However,
ongoing research demonstrates the need to engage existing areas with artificial landscapes more methodically.
Recently, researchers examined populations by approaching ecology using a graph theory framework, reducing a
complex population network into an easily approachable two-dimensional figure. Hundreds of biological and
ecological principles that determine the resilience of a population can be modeled using graph theory, and computer
models can be used to create virtual population networks optimized for such properties.
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H22 How Do You Make a Biodegradable Plastic That's Digestible and Soluble
Environmental Science
Divam Gupta
Bishop Feehan High School

In 2018 The United States of America produced 38.5 million tons of plastic waste. Some plastics can take more
than 400 years to degrade. If the present trend continues, by 2050 there will be 12 billion metric tons of plastic in
landfills. This is an immediate problem that needs a solution. Biodegradable plastic is a plastic that can be
decomposed by living organisms. The bacteria Pseudomonas Putida is a bacteria that is found naturally in the
environment and has catalytic properties. In the experiment, three plastics are compared to the control group, that
contain starch, a natural polymer, along with other organic components. Two tests are completed in order to
determine which plastic would be the most beneficial to use. The first test of degradability and digestibility was
completed by placing the handmade biodegradable plastic into soil with worms. The difference between the initial
and final weight of the plastic is used to assess the amount of plastic degraded and consumed by the worms. The
second test of solubility was determined by observing the plastics in water. The visual observation of seeing the
plastic break down or staying a solid determines if the plastic is soluble. The results from both tests are compared to
the polymer-based plastic which is the control. The results from the experiment support the initial hypothesis that the
scientist can create a biodegradable plastic that can be digested by worms, and is more soluble in water and degrades
faster than a polymer-based plastic (control group). This will help finalize a proper procedure for a biodegradable
plastics that can be industrialized, replace plastics, and not harm the environment. The creation of biodegradable
plastic from common waste will help the planet now and for future generations.

H27 Tomato Plants Grown in Hydroponics Develop Tomatoes Faster Than Soil
Environmental Science
Delaney Burrell
St. John Paul ll High School

The importance of this project is to spread the word about hydroponic systems, and their benefits to society. As
well as the comparison of a water culture system to the growth of a soil grown tomato plant. In the tomato
experiment it was hypothesized that if tomato plants are grown in a soil environment and a hydroponic environment,
then the hydroponic plants will produce tomatoes faster than soil plants, because they have a constant changing flow
of nutrients. The soil grown plants grew better for many affecting factors; however, when the process becomes as
perfected as the soil grown plants system is than it will produce great crops. These systems have many applications
in the real world; whether it’s effect on deforestation, or how it is a solution to many natural disasters.
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J3 Effects of Road Salt on Local Water Bodies and Plant Life
Environmental Science
Grace Charron, Elizabeth Freeman
Maynard High School

Hypothesis: The water with higher concentrations of road salt will have more of a negative effect on the plants
than the control or water with low concentration.
Research Methods: To test our hypothesis, we decided to do a closed experiment with Navy Beans. We used a
method of Germination including paper towels and sandwich bags to grow the beans. We soaked the paper towels in
3 solutions with different salt concentrations: high low and control. We placed 5 grams of each type of salt into a
beaker, then filled them with 100 mL of tap water. For the high concentration, after the salt had fully dissolved into
the water, we poured 60 mL of it into a beaker and placed a paper towel in it to make it dissolve. Er then added
another 200 mL of tap water to the leftover solution to dilute, making the low concentration solution, and put a paper
towel in it to soak. Our control solution was only to tap water with no salt, and we soaked four paper towels in that,
one for each type of road salt. We then watched them grow and waited to see the results.
Results: The results of our experiment support our hypothesis. The plants soaked in anything other than only tap
water grew far less than those in regular tap water. This means that the salt did dehydrate the seeds and had a
negative effect on their growth. Another observation from our experiment was that none of the beans that had
germinated in the high concentration solution grew, no matter the brand of salt. The low concentration seeds that
grew the best were soaked in the Polar Express salt, which was advertised as lawn friendly. However, these beans
did not grow taller than the rest until they were planted, and all of the bean sprouts were at almost equal heights
when we transferred them from the paper towel to the soil.

J9 Prevalence of Microplastics in Commercial Salts
Environmental Science
Carine Badawi, Christina Francis
Boston Latin School

With the rise of pollution and use of plastic in our everyday lives, there has been a mass prevalence of plastics
in our environment and an increasing awareness of this issue due to its effect on the marine ecosystems and hazards
to human health. As it is a new subject in scientific research, it hasn’t been immensely studied upon as to how it
affects our food and nutritional intake, especially through salts coming from various locations.
We conducted several trials of various brands of salt. We started with a control variable to ensure that from the start,
there was no cross contamination. Our control was simply deionized water. In order to further prevent any cross
contamination, all sources of plastic from our procedure were eliminated. Eventually filtering our solutions through
20 mm filter paper, we caught any inorganic particles greater than 20 mm, which by the end of our experiments, had
not been dissolved. All of the organic matter had been dissolved through the various steps of our procedure.
After counting out and averaging the data, a large range of averages ranging was met, ranging all the way from 8
microplastics per gram (mps/g) from the PS to 19.8 mps/g from H Sea Salt. In between the two, from most to least,
we had 14.3 mps/g from G, 12.4 mps/g from WF, 12.2 mps/g from A, 10.4 mps/g from MK Salt, and 9.4 mps/g from
CH Sea Salt.
The purpose of experimentation was to be able to figure out where the most contaminated salt is and the prevalence
of microplastics within the different salts consumed by people. Through our data which ranges based on the location
from which the salt was extracted, it is evident that there are traces of microplastics that fluctuate based on the
plastic pollution in the area.
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J11 Different Types of Materials Against Wave Erosion
Environmental Science
Holland Erickson
Bishop Stang High School

The purpose of this experiment was to detect which material will stop the most wave erosion from happening.
When testing four different materials, a rounded wood stick, PVC pipe, screen and a wall built of rocks, the wall
built of rocks will be the most effective in stopping wave erosion because the water will still be able to go through
the holes of the wall, but the momentum will still be slowed down. This will be tested by creating five separate wave
pools, each filled with five kilograms of sand and four liters of water. In four of the five different boxes, there will
be, a wood stick 2.54 by 2.54 centimeters cut to the length of thirty three-centimeters, a PVC pipe cut to thirty threecentimeters, a thirty three-centimeter piece of screen supported by popsicle sticks, and a thirty three-centimeter rock
wall which is five centimeters high and wide, the fifth box is the control box. The waves will be created by a thirtyfour by ten centimeters piece of cardboard covered with duct tape. The final result is that the rock wall material is the
best to deter wave erosion. This was because of the shape of the wall and it’s natural power to stop the full force of
the waves hitting the shore. This can help coastal engineers stop sand from being dragged back out into the ocean
and it is better for the environment also because this barrier can also act as a coral reef.

J19 Giardia Detection in Local Bodies of Water
Environmental Science
Griffin Michalak
Tantasqua Reg. H. S.

The purpose of this research project was to determine if any water characteristics can influence the amount of
giardia detected in the Quinebaug River watershed. It was expected that giardia would be observed using a filtration
procedure, and that there will be a correlation found between tributaries that contain giardia. Multiple tributaries of
the Quinebaug River were sampled to determine if they contain Giardia. At each sampling site, one of two methods
were employed. In the first method, a 5um filter sock was used to filter river water by placing the filter in the
running water for a time between 30-240min. Giardia was retained in the filter, because Giardia is larger than 5um.
The filter was reverse flushed with tap water and later concentrated to 5mL by centrifugation. The second method
was smaller in sampling size but more efficient. 1L of river water was collected in a clean glass bottle and was later
concentrated to 0.5mL using a 0.2um membrane filter. Both of these methods concentrate any retentate for
microscopic analysis. In addition to the water collection, multiple physical and chemical attributes were measured.
Giardia was observed in varying amounts in all local water sources that were sampled. The amount of giardia in one
drop of concentrated river water was determined by microscopic analysis and then extrapolated out to 1L. The
extrapolated amount of giardia observed was plotted vs many factors including; CFS, temperature, days since last
precipitation, river width, river depth, pH, total chlorine, free chlorine, total hardness and total alkalinity. The
hypothesis was incorrect, no correlation was found between any of the environmental, physical or chemical
attributes measured vs the amount of giardia observed.
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K9 Antibiotic Effects on Tenebrio Ingestion of Styrofoam
Environmental Science
Kieran Dunn
Boston College H.S.

This project addresses a potential sustainable approach to addressing styrofoam waste. Larvae of the mealworm
Tenebrio molitor ingest styrofoam. Bacteria in the mealworm gut contribute to the ability to digest styrofoam. In this
project, antibiotics were given to mealworms to manipulate the gut microbiome. Potential detrimental effects on the
mealworm gut from styrofoam ingestion were also studied. Microbial diversity in the gut was found to be key to
maximal styrofoam ingestion. Signs of damage to the mealworm gut with styrofoam ingestion included epithelial
cell vacuolization and oxidative stress manifested in decreased catalase levels.

K11 Finding the Least Impactful Ice-Melt Solution for Local Plant Life
Environmental Science
Abigail Webster
Berkshire Arts & Technology Charter Public School

This experiment was conducted as a continuation of a project testing the effects of sodium chloride on cherry
tomatoes. The purpose of the continuation was to test the effects of sodium chloride along with urea, magnesium
chloride, calcium chloride, and potassium chloride on a more local species - the White Clover. It was predicted that
sodium chloride would have the least impact on the clovers based upon a control group. One, two, and three gram
per liter (of water) solutions were made with each compound, and three clover seedlings are currently being watered
with these solutions while being monitored for symptoms of distress using the Clover Health Score (CHS) system
(designed specifically for this experiment). At the end of the experiment, all of the plants had their mass and shoot
heights measured and averages were taken based on their experimental groups. For mass, a separate figure was
created to show weighted values for groups where one or more plants were not found. The solutions with the least
impact on mass were the calcium chloride 1g/l, sodium chloride 1g/l, and magnesium chloride 3g/l solutions. The
solutions with the least impact on height were the calcium chloride 1g/l, sodium chloride 1g/l, and the magnesium
chloride 5g/l solutions Based on this, it is concluded that low concentrations of calcium chloride and sodium
chloride, and slightly higher concentrations of magnesium chloride have the least impact on white clovers. A
possible continuation of this experiment could be to test algae growth over time using the watering solutions from
this experiment, as algal blooms are a threat to aquatic life posed by fertilizers such as urea and potassium chloride.
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K13 Improving Hydroelectric Power
Environmental Science
Sean Reis
Bishop Stang High School

This paper explores one of the world’s lesser-used energy sources, hydroelectric power. More specifically the
paper questions whether or not an Archimedes screw-shaped turbine would prove to be more effective than that of a
traditional paddlewheel turbine that is used in most hydroelectric plants today. The experimental procedure consisted
of creating a working model of a hydroelectric dam, though on a much smaller scale. Both the Archimedes screw
and paddlewheel designs were substituted for one another under the same conditions as one another. Both turbines
were connected to a miniature motor, which produced electricity as each turbine spun. The amount of electricity
being produced was collected using a voltage meter. The data collected showed that the Archimedes screw design
collected much more electricity than that of the traditional paddlewheel design. As can be seen, the Archimedes
screw design is a much more efficient substitute than that of the traditional paddlewheel design.

K22 Water Quality Testing in Multiple Sites in Southeastern Massachusetts
Environmental Science
Lily Dauriac
Bishop Feehan High School

The purpose of this research is to determine the quality of running water and the potential for algal bloom
growth as a result of water quality in southeastern Massachusetts. In this study, water quality is evaluated on
physical, chemical and biological criteria. Specific combinations of these 3 criteria are known to constitute optimal
conditions for algal bloom growth. Three rural and three urban sites are sampled and compared in an attempt to
ascertain which water sources provide environments have the safest water. At the outset, it is hypothesized that rural
sites will be most conducive to algal bloom proliferation (higher in nitrate, nitrite, phosphate levels, higher in
turbidity) and higher in E.coli because of runoff from surrounding farms; while urban are expected to be higher in
temperature, pH, lead and chlorine levels because of the proximity to human activity and industry. The physical
parameters monitored in this study include water temperature and turbidity. The chemical parameters examined are
chiefly the concentration of nitrates, nitrites and phosphate, nutrients which are known to nourish algae, but also pH,
lead and chlorine. The biological parameter measured is the abundance of E.coli, a bacteria found in the fecal matter
of all warm-blooded animals. Sampling consists of the collection in triplicate of 100 mL composite samples
collected at varying distances from the bank of the stream tested, followed by, on-the-spot testing of the physical
parameters, testing of the chemical parameters within 60 minutes of sample collection and the plating of the
biological sample within 24 hours of sampling. The control is distilled, sterile water. The urban environment is the
safest to walk your pet, since they lack E. Coli colonies and algal bloom conditions.
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K25 Can Our Soil Take the Heat?
Environmental Science
Ruby Gaetani
Falmouth Academy

Pseudomonas putida play a vital role in plant life everywhere. These bacteria produce siderophores, essential
molecules which chelate iron in the soils for use by both plants and bacteria. Without their production, plant growth
would be severely impacted. The purpose of this study was to dive deeper into this exact concept, and investigate the
effects that global climate change could have on Pseudomonas putida, and their ability to produce siderophores.
It was hypothesized that increased temperatures would have a positive effect on both Pseudomonas putida colony
growth and siderophore production, while increased salinity and more intense drought would have negative effects
on both colony growth and siderophore production.
Pseudomonas putida colonies were grown in several polyethylene glycol solutions (to simulate drought), salinities,
and temperatures for 18 hours and 72 hours. Colony growth curves were measured. Supernatant was removed from
the colonies and tested for siderophore activity using a CAS assay.
The hypothesis was partially supported, as increased temperature, drought intensity, and salinity all had negative
effects on colony growth. However, siderophore production (per bacteria) increased in increased temperatures and
drought intensity, while it decreased in increased salinity.
These results imply that Pseudomonas putida colony numbers will be negatively affected by global climate change,
though siderophore production per individual may increase. However, it is uncertain whether this increase in
individual production will be enough to support plant life through Pseudomonas putida population decline.

N5 Copper Leaching and Its Impact on the Ecosystem
Environmental Science
Matthew Cavanaugh, Samuel Miller
Bishop Stang High School

The purpose of our experiment was to determine how antifouling paint affects the concentration of copper in
water in different locations. Our hypothesis was that out of a harbor, marina, beach and tap water that the harbor
would contain the highest levels of copper because a harbor is an area where boats load and unload for long periods
of time. As a result of this, more paint will chip or wear away over the time which they are there. In order to test the
water we went to each location and took 2 cups of water near the boats. Then, each sample of water was tested six
times with different copper testing strips. These strips showed the level of copper in the water through their colors’
change. Through this experimentation, our hypothesis was proven correct. The harbor water had an average copper
level of 0.9 parts per million, both the beach and marina were about 0.4 parts per million, and the tap water was at a
low of 0.1 parts per million on average. In conclusion, the harbor water’s amount of copper was larger than that of
the beach, marina and tap water because of the antifouling paint on the boats. With large amounts of copper
contaminating the water, the sealife has started to take it in and die.
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N7 Ending the Plastic “Epidemic”
Environmental Science
Alexandra Godfrey
Plymouth South High School

The research question for this experiment is, which form of biodegradable plastic is the most effective in
degrading in a saltwater environment? The purpose of this experiment is to conduct research and conclude which
biodegradable material-hydro or oxo-degrades the quickest and least harmful to the environment. Based on research,
the oxo-biodegradable bags will degrade the slowest and have a larger negative impact on the environment. Research
explains hydro-biodegradable bags are corn starch, while oxo-biodegradable bags are polymers and a prodegradant
catalyst. Therefore, hydro-biodegradable bags are predicted to change in mass, area, to yellow, or rise in CO2 levels.
This procedure can be broken down into; replication of saltwater environments, testing four components; mass, area,
CO2, and pH, placing the different plastic bag pieces into separate environments, and retesting the components-and
measure yellowing. Three of the hydro-biodegradable plastics trials showed yellowing, as well as high CO2 levels.
Therefore, there was a 40% error in the hydro-biodegradable plastics, meaning that 2 of the 5 trials did not show the
same physical change, only chemical. The other two plastics tested-oxo-biodegradable and regular-had similar
results for all five trials of each, meaning the percent error was little to none. In this environment at least, hydrobiodegradable plastic did degrade the quickest, but therefore with the highest production of CO2. This is relevant to
today, because there is an increased awareness of plastic pollution, with sea life being injured and climate change. In
the future, continuing to learn more about different alternatives to plastic and how they will decompose and affect
different environments could be used for another project.

N8 Absorbing CO2 with KOH

Environmental Science
Mary Harutyunyan, Lily Harutyunyan, Ogechukwu Iwuchukwu
Billerica Memorial High School
Our purpose in this project is to find a way to constantly absorb CO2 from a concentrated source with potassium
hydroxide, and be able to renew the KOH using calcium hydroxide. The hypothesis is “potassium hydroxide can be
used and regenerated through a cycle in order to absorb significant amounts of carbon dioxide.” We want to form a
cycle because such a significant amount is needed for reacting with all the CO2 that’s going to be collected.
To absorb CO2 with KOH, KOH was first dissolved into distilled water to form a solution. A series of different
concentration trials were conducted, including 0.1 molar and 1 molar. We made CO2, by using baking soda and
vinegar. Both compounds were combined in a mole to mole ratio with 9.17 g of baking soda and 125 ml 5% distilled
vinegar. The CO2 formed was captured in a 2.83 liter plastic canister. After, each experiment solution was added to
its labeled canister, for three trials. K2CO3 formed from the KOH reacting with the CO2. Calcium hydroxide was
added to this solution for a double displacement reaction, forming precipitated CaCO3 and dissolved KOH. In the
third trial, the KOH used was the KOH formed using our cycle reaction.
The CO2 reacting with the recycled KOH was absorbed into the solution, reacting similarly to the other two trials.
The level of CO2 gas went from about 51,000 to 1,200 ppm. So assuming KOH and calcium carbonate was made
based from the results of CO2 level testing, the hypothesis has been supported. KOH can be used and regenerated
through a cycle.
These results help support a greater idea for this cycle. This cycle will be used to regenerate large amounts of KOH,
and calcium carbonate. The KOH will be reused in capturing CO2, and will be applied to areas producing a
concentrated amount of CO2.
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N9 Wood Smoke’s Affect on Lungs
Environmental Science
Yusef Kassem
Bishop Feehan High School

This project aimed to further understand the danger of forest, or even recreational fires. This information can be
used to save lives in situations such as the California Wildfires, helping to understand the possible damage from
smoke inhalation which can be caused and will vary depending on the woodtype in that forest. In this experiment
different woods were placed into a “lung simulation” where the wood would burn, releasing smoke for a certain
amount of time. The simulation would then begin as a vacuum will pull the smoke through a plastic bottle filled with
cotton balls (representing lung tissue). It was hypothesized that Pine would produce the most toxic results onto the
cotton ball. It was also predicted that Pine would produce no brown and yellow values and instead have a
concentration of black coloring. On the other side of the spectrum it was predicted that birch would produce high
amounts of yellow and little to no black. Alder and Oak were predicted to be the medians with a mix of brown, black
and a little yellow coloring. The hypothesis was correct as Pine caused to most dark particles to join with the cotton
ball. Other significant results showed the remaining predictions were incorrect. Birch contained a high amount of
black, nearly matching Pine, while the other woods Oak and Alder, had brown and black but little yellow. These
when ranked in order of highest smoke toxicity to lowest would go Pine, Birch, Alder and finally Oak.

N22 The Effect of Microplastics on Zooxanthellae
Environmental Science
Elise Mizerak
Wachusett Regional High School

Coral reefs house 25% of all marine life. When subjected to environmental stressors, such as heightened water
temperature or hazardous pollutants, corals undergo a process called bleaching during which they turn white and
shed the photosynthetic algae (Zooxanthellae) that live in their tissue and provide essential nutrients. As of 2018, 11
billion plastic fragments are thought to pollute coral reefs. This project sought to assess the impact of these
microplastic deposits on the growth rate of Zooxanthellae. It was hypothesized that the 10 and 15 microplastic levels
would decrease the growth rate of Zooxanthellae relative to the control.
Growth rates of Zooxanthellae populations were assessed under three different concentrations of microplastic pieces
(5, 10, and 15 per 100 mL), relative to a control devoid of pollution. A 25 mL algal sample and the desired number
of microplastics were added to 75 mL of saltwater medium for each assay. Growth was quantified using a cellometer
slide to count the number of cells in a 0.25 µL sample at the beginning and end of a 5-day period.
Zooxanthellae growth rates declined with increasing microplastic pollution. While the control medium saw average
growth of 120% over 5 days, the 15 microplastic per 100 mL sample yielded only 17% growth over the same
interval. Statistical analyses confirmed significant decreases in growth rate relative to the control in the 10 and 15
microplastic level (p<0.01). Continued experimentation seeks to elucidate the effects of varied microplastic type and
size on algal growth.
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P5 Alternative Sea Barriers
Environmental Science
Samuel Sanzone
Malden Catholic High School

My question was if I could a sea barrier could be created that will lessen the force of an incoming wave. I
created a test ‘chamber’ using caulk, spray-foam, a storage box plus the lid, screws a hinge and water. Then using
binder clips and velcro, I created two prototypes, one was a straight wall of binder clips parallel to the shore and the
other was a staggered, double line of binder clips.
I performed 4 tests of 8 trials on each sea barrier and recorded the data. I also performed a controlled experiment
without any barrier. In the end, it was shown that a prototype is able to be built which can lessen the force of a wave.
The result of creating a barrier, is that coastal erosion will be slowed down since less water is taking away the shore.
This will also lead to decrease in spending for shores because cities and states won’t have to spend so much money
repairing shores from big waves or moving sand from other areas to keep areas like beaches from being completely
eroded. Ideas for future projects include testing more designs, testing different materials, different distances, how
much shore is actually eroded.

P20 How Copper Leaches Into the Water
Environmental Science
Linus Munn, Jack Hayden
Martha's Vineyard Regional H. S.

A shipyard is considering putting a marina in a local lagoon. Because we care about the water quality, we
studied how copper leaches into the water. We explored if how much paint was chipped, temperature, and scrubbing
had an effect on copper leaching into the water. In doing so, we found that copper leaches into the water at very fast
rates, and that the higher the temperature, the faster it leaches. Our biggest factor contributing to leaching would be
temperature. Scrubbing in some cases increased leaching. We also found that unpainted pressure treated wood
leaches more than copper based paints used on boat bottoms.
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A8 Enhancing Positron Propulsion Techniques with Multiple Beam Generation
Physics & Electronics
Albert Farah
Medford High School

This study investigated a significant improvement on contemporary antimatter-based propulsion proposals.
Proposed radioisotope positron propulsion designs use positron-electron annihilation energy from positron beams to
excite fusion for high-thrust, highly efficient deep space propulsion systems, where the thrust is dependent on the
number of positrons hitting the fusion material. To circumvent the upper limit on the population of the positron
beams, this study used GEANT4 to simulate the clustering of beam-beam scattered positrons, where every new
cluster is a source for a beam that can be used for ignition and thrust. A model was developed relating the energy of
the scattered positrons to the magnitude of the field required to optimally cluster them. Using semi-empirical models
of electron-induced secondary electron yield in various elements, the results also included the beam energies and
populations that would be required to induce secondary electron emission to produce the current necessary to
generate the uniform magnetic field for clustering consecutively scattered positrons, showing that aluminum as a
diffusion material is optimal to produce the greatest current with the fewest positrons packed into a pair of lowerenergy beams. In addition, a model of the proposed system’s efficiency is exponential in terms of the number of
positron clusters that can be created. Upcoming work will involve aligning the pulse rate of the positrons beams with
the pulsed magnetic field.

A14 Method to Detect Flow of Water
Physics & Electronics
Ayush Gopal
Westborough High School

The ability to accurately measure flow rate is crucial for many household and industrial applications. The
potential uses of flowmeter technology include monitoring residential water usage, production of liquid medicines,
as well as allowing for more efficient food production by monitoring irrigation on farms. In general, accurate flow
measurement can be applied in many different areas. While many methods of flow detection exist, this experiment
will focus on the use of electromagnetic induction to determine flow rate of water, due to the fascinating
phenomenon behind this method. Much consideration was taken into designing a system to exhibit this effect
because the induced voltages are extremely small, and the flow needs to be carefully controlled to minimize
turbulence. A magnetic field will be generated and channeled through the water flowing in a pipe, causing a voltage
signal to be detected by electrodes on the flow-tube walls. According to Faraday’s law of electromagnetic induction,
the voltage signal produced will be directly proportional to the intensity of the magnetic field, distance between the
electrodes, and the velocity of the flow. This voltage signal will then be amplified and recorded by an Arduino
microcontroller, allowing the program I developed to determine the maximum voltage signal recorded during the
duration of the program. My program will repeat this process 20 times, providing 20 different maximum values.
These values will then be averaged, producing an average maximum value that will be correlated to flow rate. These
experiments were repeated for a number of different flow rates. The data seems to exhibit a clear, linear correlation
between average maximum induced voltage and flow rate for non-turbulent flows.
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A15 A Sticky Situation

Physics & Electronics
Victoria Grieve
North Attleboro High School
The goal of my experiment was to test different industrial adhesives and see which brand had the biggest impact
on the environment. Everyone talks about how chemicals and glues are bad for the environment, but I wanted to see
just how wide scale their negative impact really was. In my hypothesis I thought that the Gorilla Glue would be the
most environmentally safe, but the E 600 ended up being the most ecofriendly. I needed to find out how toxic each
of the adhesives were because next year I am going to develop a 100% ecofriendly alternative to the industrial
adhesives used now.

A18 Patient Specific Delivery of Proton Beam Radiation
Physics & Electronics
Advait Nene
Hopkinton High School

Proton beam radiation is used to treat tumors near critical organs, e.g., tumors at the base of the skull. Proton
beams lose most of their energy in a concentrated region in space called the Bragg Peak. The Bragg Peak is
positioned inside the tumor to treat the tumor while minimizing the damage to nearby healthy tissues. The damage to
a given tissue is determined by the loss of energy within the tissue. The Bethe-Bloch equation, which gives the rate
of loss of energy with respect to distance, can be used to calculate the energy lost in a given tissue.
This project explores determining the optimal angle to deliver radiation so as to cause the least damage to healthy
tissues, while still providing the full radiation dose to the entirety of the tumor.
A damage metric was developed, incorporating tissue importance. A patient's tumor and tissue geometry was
modeled with an image, where different colors represent different tissues and their importance-weights. Continuous
segments of tissue along the line were determined. A formula for the true length that radiation passes through a
tissue segment was found. Using this and the Bethe-Bloch equation, the damage along the entire line was calculated.
For the same line, multiple beams were modeled to treat the entire depth of the tumor. The total damage was
determined by scanning the tumor with parallel beams of radiation. Gradient descent with random jumps was used to
determine the optimal angle. The optimal angle was also validated using a brute-force method.
The above method was extended to 3D, using spherical coordinates. The method to determine the segments of tissue
along a line and the formula for true length were extended to 3D. Finally, the approach for finding the optimal
direction was derived.
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A25 Flow Field 3D Waverider Optimization of a Variable Hypersonic Scramjet
Physics & Electronics
Aakash Sunkari, Jackson Magas
North Attleboro High School

Hypersonic travel provides numerous opportunities for faster travel through the atmosphere. This leads to
potential benefits such as fast trade, increased access to space, quicker emergency response, new high-speed military
technology, and more. It can be said that the heart of any hypersonic vehicle is its engine: the scramjet. Scramjet
engines provide a highly efficient method of hypersonic travel through precompressed air driven by shock waves at
supersonic velocities. Thus, these engines remove the need for turbomachinery. However, scramjets still lack
efficiency in their inlet throat airflow capture, suffer from poor lift-to-drag ratios, exhibit slow transverse fuel
injection and combustion rates, poor thermal protection, and inefficient fuel mixing. In this study, we present a novel
methodology for inversely carving a hypersonic "waverider" scramjet out of a predetermined 3D flow field, allowing
for geometry optimization from given design hyperparameters. To correct various scramjet inefficiencies, we use a
conical shock wave to replace turbomachinery-based compression instead of an oblique shock wave. We generate a
series of equations from the modified Taylor-McColl relationship to define optimal shock geometry using nonuniform rational B-splines (NURBS), allowing for computationally efficient scramjet modeling. Our design uses a
novel hyperparameterized osculating freestream surface which produces shock waves which allow for atmospheric
compression to occur prior to inlet entry. Subsequently, we designed an artificial genetic algorithm optimization to
develop an effective scramjet geometry. Optimal scramjet geometries are obtained for various design parameters and
are tested using computational fluid dynamics, Euler numerical approach, and Schlieren imaging.

B3 The Ideal Gas Law (Deflategate Data)
Physics & Electronics
Dashawn Bolden, Erick Mendez
Edward M. Kennedy Academy for Health Careers

Deflategate was when Tom Brady was accused of deflating NFL footballs before games to improve his
accuracy. The teams involved were the New England Patriots and the Indianapolis Colts. The result of the official
investigation was that the Patriots quarterback was suspended for 4 games because it was determined that he was
responsible for deflating the footballs. We are conducting our experiment to determine if it is possible that the
footballs naturally deflated due to the cold weather (the ideal gas law) on the game day. The Ideal Gas Law is the
law where the temperature affects the gas pressure in an object. So in this experiment, we are testing air pressure in a
few different balls, especially the football because we needed to see if the data and science is used accurately in the
deflategate against Tom Brady. This law will help us predict how much the air pressure will go down from the cold
temperature.
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B7 Control of a Pneumatic Actuator Using Pulse Width Modulation
Physics & Electronics
Rebecca Ashmore
Blackstone Valley Voc-Tech. H.S.

Pneumatic actuators are compact, fast, powerful, simple, and inexpensive. They are very good for linear on/off
applications but have major limitations with their speed and positional control. They find many uses in
manufacturing pressing, sealing and sorting and for robotics grabbing, lifting. If you have seen a powerful battle bot
grabbing, flipping, or hitting another robot with a seemingly uncontrolled weapon, it was most likely a pneumatic
actuator.
The goal of this project was to provide a speed and positional control mechanism that is cost and space efficient, just
like the actuators themselves.
Prototypes were engineered to provide speed control over a very wide range (200ms-30seconds), and good positional
accuracy within 300ms. This was achieved via a novel approach of re-using the exhausted air for control with a
valve in the reverse of its normal operation. The valves were controlled using Pulse Width Modulation, where the
width of the pulse turning on the valves varied in width while the frequency remained the same in order to control
the average air flow. The project included the design of a Printed Circuit Board control shield which plugged on an
Arduino microcontroller and connected to the valves. This enables robotics and industrial designers to use pneumatic
actuators when they need their tremendous power and speed but still desire full control.

B15 Piezoelectricity
Physics & Electronics
Yana Chumakova
Westfield High School

Piezoelectric energy harvesting can be made cost efficient and more accessible by using it in shoes. Compared
with all other motions, walking is one of the most common and energy-intensive motions.
The purpose of this project was to find out how the amount of weight placed on a piezoelectric crystal would affect
its voltage output. It was predicted that a greater force on the crystal would increase its voltage output.
Data analysis showed that there was no significant difference between output voltage for the different forces. Data
Analysis supports the null hypothesis that any difference in voltage is not the result of the force applied. The force
applied was systematically varied by using different weights to simulate the weight of a person using piezoelectric
harvesting shoes. For each weight placed on the piezo pickup, voltage output was measured during a 10 second total
operation time. Data Analysis showed that the piezo pickup had a consistent ramp up time to the average voltage
value for all forces applied (2 seconds), during which output voltage is greatest. This leads to the conclusion that
walking at intervals of 2 seconds or less (before the ramp up time is reached) would be the optimal way to generate
electricity.
Furthermore, although variation in voltage output was too small to be considered significant, the largest output
voltage was observed in the 20 lb weight, closely followed by the 5 lb weight. The 15 lb weight had the smallest
output voltage, followed by the 25 lb weight. Interestingly, the smallest weight used had an output voltage of nearly
twice the output voltage of the largest weight used. This leads to the conclusion that there may be an optimal weight
for the highest voltage output.
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B22 A Device to Simplify Suturing for Laparoscopic Surgery
Physics & Electronics
Gaurav Savant
Worcester Academy

The aim of this project is to create a tool that will allow surgeons to apply sutures in laparoscopic surgery 2
dimensionally. In order to apply a suture between two pieces of tissue, surgeons have to awkwardly maneuver the
needle through both tissues, and then pull. This technique is prone to mistakes and is unnecessarily complicated.
Devices created to solve this problem are often too complicated, such as the Apollo Endo-Stitch, and are unable to
fully solve the problem, applying the suture one at a time through the pieces of tissue.
This device is made up of a motor assembly and a tube controller. The tube controller has 3 holes for 3 tubes.
Around the tubes are 4 miniature holes for strings. The strings connect to pieces on the tubes which allow the tube to
move when the correct string is pulled. The strings are pulled by the motor assembly. The motor assembly consists
of a 3D printed chassis, and 4 NEMA 14 stepper motors. On the axles of the stepper are “winders” where the strings
are attached, 2 strings per winder. As the winder rotates, one section of the winder pulls at a string, while another
winder gives a string slack, creating motion in the tubes. There is one motor for each axis of motion for the tubes, (2
ranges of motion * 2 tubes). In place of expensive pneumatics, 60 mL syringes were used to create suction. As the
syringe is pulled, the tube suctions onto the muscle that it is on top of allowing the surgeon to move the tissue
around.
This device is successful in solving the issue of multiple tissue suturing. Since this is a prototype, the tubes and the
controller are larger than they would be if they are professionally manufactured.

C5 Effect of Paddle Angle on Rotation Speed
Physics & Electronics
Song Yu Chen
North Quincy High School

The effect of the paddle angle of an undershot water wheel on the rotation speed of the water wheel was tested
to increase the efficiency of undershot water wheels in aqueous systems with slow-moving water. Taking into
account factors such as torque and drag, the hypothesized paddle angle that would generate the highest amount of
rotations a minute was 100 degrees. In the experiment, water wheels with four blades were built with paddle angles
90, 100, 110, 120 and 130 degrees (relative to the tangent of the cylindrical core of the water wheel) was fabricated
to determine the most efficient paddle angle. The water wheels were tested in a system where water was pushed
down a ramp by a 380 gph transfer pump that cycled the water from the end of the system to the beginning so that
the amount and speed of the water was held constant. Once all the data was gathered, it could be seen clearly that
there was a sharp increase in the rotation speed of the water wheels that had paddle angles of 100 degrees and 110
degrees while all the other results were slower by a speed of more than 1.5 rotations per minute. The hypothesis was
also disproven in this process since the water wheel that had a paddle angle of 110° had the highest rotation speed of
11.75 rotations per minute and the water wheel with paddle angle of 100° only had a rotation speed of 11.3 rotations
per minute. Therefore, an undershot water wheel with a paddle angle of 110 will end up having the greatest amount
of rotations in a minute so undershot water wheels should be built with paddle angles of 110° to maximize the
amount of energy produced by the water wheel.
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F1 The Effect of the Size of Water Droplets on Fire Extinguishing Ability
Physics & Electronics
Daniel Kaminski
Wachusett Regional High School

The purpose of this project was to see if changing the size of droplets in water mist would affect their ability to
put out a fire. All buildings have a constant flow of water, while they don’t all have a constant flow of fire
extinguishing chemicals, making sprinkler optimization important in building construction. Water droplets were
created by three commercially available spray nozzles: 326-400 microns (blue), 145-225 microns (orange), and 501650 (white) . It was hypothesized that droplets from 326-400 micron nozzle will be more effective at putting out the
fire than the others.
A pesticide spray canister was fitted with a pressure gauge to ensure that sprayer maintained a consistent pressure of
spray. The canister was pumped to 10 psi, and each nozzle was sprayed over 6 lit candles and the number of candles
extinguished for each nozzle was recorded. This was repeated ten times for each nozzle.
The hypothesis was not supported, as the 501-650 micron white nozzle was more effective, not the 326-400 micron
blue nozzle. The data shows that the larger the size of droplets, the more efficient they are at putting out a fire. This
could be used to further improve sprinkler efficiency, and for people that do not have access to more expensive,
traditional fire extinguishers.

F21 Developing a Smart Voice-Directing Fire Alarm System Using Arduino
Physics & Electronics
Justin Yoon
Middlesex School

Many people are usually annoyed by blasting alarming sounds of traditional fire alarms to announce a fire in the
building, but the alarms do not inform people of the detailed events regarding a fire’s location and seriousness for the
resident to quickly decide their reactions from the building. It has been known that people in burning buildings often
become lost or trapped; some even run towards the fire causing more casualties. Since the traditional fire alarm
system does not accurately deliver instructions and the locations of the fire, scientists have tried to develop more
effective alarm systems to prevent unnecessary loss of lives.
In our study, a voice-directing fire alarm system was developed using Arduino Yun microcontrollers installed with
multiple sensors such as temperature, flame, carbon monoxide, light, and volatile gases. The sensors were connected
to the Arduino board with wave shield, which allowed us to activate the voice-directing messages with alarming
beeps as well as voices concerning the location of hazard and the degree of fire situations. Based on the selfvolunteered alarm efficiency scores, this voice-directing system was proven to have the feasibility of guiding people
with higher efficiency compared to the traditional fire alarm.
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G1 Infrared versus Sonar: Which Sensor Works Better?
Physics & Electronics
Lily Honor
Bishop Feehan High School

This project was designed to test whether a sonar or infrared distance detection sensor is more productive in
subpar environments, assuming that optimal conditions are artificial light and absence of noise. The experiment is
engineered to test the hypothesis if the sonar and infrared sensors are tested in suboptimal conditions, then the sonar
sensor will work best across all four variables (high pitch noises, low pitch noises, darkness, and direct sunlight) on
average. To collect data, one infrared and one sonar sensor were wired to separate Arduinos. First, the sonar sensor
was placed on a chair and pushed towards a wall. Then, the environment around the sensor was changed by adding a
high pitched noise, then a low pitched noise, then omitting all light, and finally subjecting the sensor to direct
sunlight. This process was repeated ten times for both the sonar and infrared sensors. As stated in the hypothesis, the
expected outcome was that the sonar sensor would be most productive and its results would be most similar to the
control. This was mostly true, except for in the environment with the low pitched noise. The sound waves from the
source of the noise interfered with the vibrations from the sensor, which caused the distance of detection to be
shorter. The infrared sensor was most heavily affected by the direct sunlight because the rays from the sun
interrupted the light from the sensor, and it showed a lower average percent of accuracy across all four tests combine
in comparison to the sonar. On average, the sonar sensor sensed 93.65% of the distance it sensed in the control
experiment, and the infrared sensor sensed 88.9%. This points to the conclusion that sonar is a more sound method
for distance detection, even if it did not perform best in all four tests.

G28 Patterns and Symmetries in Spiking Neural Networks
Physics & Electronics
Victoria Zhang
Phillips Academy

Inspired by recent progress in computational neuroscience and artificial intelligence, this project explores rich
temporal patterns in networks of neurons that communicate via electric pulses known as spikes. In particular, we
describe the attractors in small circuits of spiking neurons with different symmetries and connectivities. Using
methods developed in the theory of dynamical systems, we extend an analytical approach to capture phase-locked
states and their stability for a general N-cell system. We then systematically explore attractors in reduced state
spaces via Poincare ́maps for both all-to-all coupled and star-like coupled networks. We identify a sequence of
bifurcations when coupling strengths vary from inhibition to excitation. Moreover, using high-precision numerical
simulations, we find two novel states in star-like networks that are unobserved in all-to-all networks: the death of
oscillation for inhibitory coupling and quasi-periodic behaviors for excitatory coupling. Our results elucidate the
interplay between dynamical patterns and symmetries in the building blocks of real networks. Furthermore, as selfsustained oscillations with pulsatile couplings are ubiquitous, our analysis may also clarify understanding not only of
neural dynamics but also of other pulse-coupled oscillator systems such as non-linear electric circuits, wireless
sensor networks, and self-organizing chemical reactions.
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H26 Air Pressure, Friction, and the Motion of Objects
Physics & Electronics
Catherine Koran
Foxborough Regional Charter School

This project is intended to demonstrate how air pressure affects the movement of objects within a confined
space. It studies the significance of air pressure when pertaining to the speed of a moving object. To construct the
experiment, I used three different tubes, one at normal air pressure, one at a partial vacuum, and one at thirty PSI.
Then I observed the speed of the objects which travelled down these tubes, in comparison with their previous speeds.
It seemed that the higher air pressure did in fact affect the speed of the object, though the partial vacuum did not
seem to have much effect on the speed of the objects.

J21 Defect Lifetimes in Active Nematic Systems
Physics & Electronics
Nicholas Hu
Newton South High School

Profound processes which are intrinsic to living organisms such as self-regeneration, reproduction, and motility
are all made possible by a constant input of energy. Active Matter—the overarching field encompassing active
nematics—focuses on the structural components of systems that are out of equilibrium and therefore exhibit life-like
properties, with capabilities not possible in any standard equilibrium system. In active nematics, topological defects
not only dictate the overall structure, but also act as local sources of motion—behaving as self-propelled particles in
a cycle of constant creation and annihilation. In light of recent experimental systems consisting of microtubule
bundles powered by kinesin motors, this study makes use of molecular dynamics simulations for systems composed
of semi-flexible polymers powered by a continuous injection of energy. In these systems, we specifically focus on
the effects of varying polymer length and polymer density on defect dynamics and lifetimes to provide insight into
the design of materials not constrained by the laws of physics. Using properties of the microscopic constituents, this
study aims to predict macroscopic behaviors, ultimately allowing for the systematic construction of active materials
with life-like functionalities.

J24 Household Adhesives as an Alternative to Commercial-Grade Blue Loctite
Physics & Electronics
Charles Przechocki
Westfield High School

This is a scientific study of the feasibility of using household adhesives as a viable alternative to blue loctite.

Section 6 - Page 127 of 162

N28 Electric Generator

Physics & Electronics
Isaac Rodriguez, Simon Rodriguez
Excel High School
In simple words we are trying to make energy in a simple way, with some reusables materials like rubber bands,
some pairs of Cds and a battery. We use the Cds as a pulley and the rubber band as a connector between the Cds and
the battery and by giving some rotations to the Cds and by boosting the battery we turn on the led. We can also
explain the connections between the Cds and the motor like converting mechanical energy to electrical energy. all
we want to show is that energy is important for our lives, that energy have become essential to our livesl that energy
is not only to charge your phone its also to stored food to give light and to make our lives easy
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Behavioral Science
A9
C15
C20
C21
D1
D13
G3
G4
G18
J26
N15
N21
P4

ASD Stimming/SiB Detection & Correlation to Environmental Antecedents
The Effect of Isolation on Pogonomyrmex Behavior
Effect of Neurodegeneration on Drosophila Courtship Preferences
The Effects of Color Stimuli on Brain Activity and Emotional State
How Music Affects Learning!
Depression in Drosophila
Perception of Emotions by Developmental Age Group
Coping with Stress
The Effect of Lavender Essential Oil on Zebrafish Stress Response
Altering the Circadian Cycle of Madagascar Hissing Cockroaches
Dreams: How Real Are They?
Understanding the Etiology of Substance Use Disorders in Adolescents
Smart Cushion System Improves Posture Correction Capability Using IoT

Section 6 - Page 130 of 162

A9 ASD Stimming/SiB Detection & Correlation to Environmental Antecedents
Behavioral Science
Amelia Dasari
Sharon High School

ASD is a complex neuro-developmental disorder affecting 1 in 68 children in the US. Children with ASD face
challenges in their daily life due to high rates of stimming - stereotypical behaviors, such as hand flapping, head
banging and other repetitive movement. This behavior severely impacts their ability to learn and retain new skills
and complicates their social integration into the community. Some behaviors injure the individual as well. Despite
being disruptive, these behaviors help the individual cope with stress due to over-stimulus helping them relate to the
world. So instead of eliminating, the goal for Clinicians/Teachers is to understand its function and replace it with
more social activities which achieve the same goals. But in order to do that, we need an accurate measurement
system, which would help us better characterize these behaviors, identify their triggers, monitor the efficacy of new
treatments (behavioral/pharmacological) and also proactively prevent injurious stimming. The current methods are
primitive, subjective and use a routine clicker during direct observation sessions which happen at limited times
during the day in a school setting - the data is then extrapolated and used to make inferences. The accuracy is also
very limited for high-speed motor stimming. Our solution was to use a cheap/wrist-worn arduino nano to capture the
gyroscope/accelerometer data from subjects while they stim, convert that data into a time-series of pitch/roll/yaw
values and use it to train a Recurrent Neural Network model. The model can identify stimming like hand-flapping,
hand-to-chin movement with a precision of 92.3% and a recall of 97.5% in the presence of other similar activities
and can be used to provide objective, accurate, round-the-clock measurements.

C15 The Effect of Isolation on Pogonomyrmex Behavior
Behavioral Science
Natalie Todd-Weinstein
Falmouth Academy

The purpose of this experiment was to examine the effects of solitary confinement on reintegration of ants into a
colony. It was hypothesized that the ants would become more aggressive toward other colony members the longer
they were in isolation. In previous research across animal species, there is a common theme of the detriment done by
complete isolation. In this experiment there were two colonies of ants. Twenty ants were pulled from each and
placed in triplets. Every ant selected was placed in a separate petri dish. There were two remaining as extras. Three
petri dishes per group were marked for five, ten, fifteen, twenty, twenty-five and thirty days serving as isolation
chambers. Every five days, the designated ants were reintroduced to the colonies for two minutes, and their behavior
recorded. The ants' aggression levels continued to increase in accordance with the amount of time they had spent in
solitary confinement, with each new group exhibiting higher ranked aggressive behavior. This trend continued in
both colonies until Day 30 ants were reintroduced. They were completely docile and non-reactionary to their
surroundings. The most relevant aggressive behaviors observed were antennation and open mandibles. The
behavioral effect of solitary confinement on ants, as shown in this experiment, is relevant when determining the
ethical usage of solitary confinement in todays' prison system. Ants serve as a model to understand the harm and
damage caused by isolating a social organism and illustrate the need for reintegration support for prisoners leaving
solitary confinement.
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C20 Effect of Neurodegeneration on Drosophila Courtship Preferences
Behavioral Science
Yuemeng Wu
Northfield-Mt.Hermon School

Among the many physical behaviors that an animal exhibits, decision-making is a relatively complex behavior
that includes the series of perception, comparison, and determination. The neurological mechanisms behind the
decision-making processes require a relatively high-level intelligence. The fruit fly Drosophila melanogaster serves
as a classical model animal in studies of animal behavior and their decision-making processes. There is a distinction
between the level of difficulty concerning decision-making on male courtship choices, which is derived from the
deteriorative effect from neurodegeneration in the neurological system of male drosophila. This research project
studies the courtship behavior of wild type male drosophila in comparison with those affected with degeneration in
the neurological system when given choices of young and old virgin females. The result of the study finds a strong
preference of young mates over old ones in wild-type male drosophila while this preference becomes less
distinguishable when the male drosophila population actively expresses the neurodegeneration candidate protein
amylose precursor protein (APP). Misfunctioning APP is implicated in medical conditions such as Alzheimer’s
disease.

C21 The Effects of Color Stimuli on Brain Activity and Emotional State
Behavioral Science
Hirni Patel
North Attleboro High School

With mental illness on the rise, we, as a society, need to do our best to offer as many different types of therapy
as we can. One method of therapy is color therapy. Color therapy is used to heal physical and emotional problems.
For example, if you are stressed then color therapy can be used to energize you. A type of color therapy is light
therapy, where you look at different colors. In the past, there has been no direct link between specific colors and
health but maybe one between color and mood. The question is:How do different types of colors affect brain activity
and perceived emotional state?For this experiment, one needs a Spiker Box, the Spiker box software, Arduino
software, different colored papers, electrodes, 2 laptops, survey for perceived emotional state.Have the participants
start with their eyes closed and their head shaking. After 5 seconds, place a color in front of them and have them
open their eyes. After 5 seconds, have them close their eyes again. Repeat these steps for each different hue.
Participants should be shaking their head at all times their eyes are closed. For part two of the experiment, give the
participants a survey on how they think they felts seeing each individual color. According to the spike train, white
had the least spikes with 6 and bright red had the most spikes with 12. Therefore, white was the most relaxing and
bright red was the most alert.However according to the survey, bright green was the most alert color and dull blue
was the most calming color. This shows that people cannot exactly say how they truly feel. The standard error for all
colors was between 1-3. Since the error bars overlap, you can't not fully say that this certain color will result in
alertness or calmness.
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D1 How Music Affects Learning!

Behavioral Science
Alana Levesque
Berkshire Arts & Technology Charter Public School
The purpose of this experiment was to figure out if music could help people learn or work better. I had people
listen to music while completing 50, 2 digit multiplication problems for 5 minutes. This took place over a 3 day
period. My hypothesis was that I think people will learn better if they are listening to the music of their choosing,
because if they listen to music they don't like, they will not be as happy and comfortable. My hypothesis was proven
to be inconclusive by the data I collected. The most important results I collected was the average percentage of the
number of questions everyone got correct. The highest test group score was the silent group. The lowest score was
the music of their choosing. My hypothesis was inconclusive because I thought the music would help people. Based
on the data, music did not help people, a silent room helped them more, even though people completed more
questions and got more correct.

D13 Depression in Drosophila

Behavioral Science
Faith Kalkanis, Heather DiCarlo, Molly Baptist
Upper Cape Cod Vocational Technical High School
Depression is a major problem in the US. It can be difficult to find the right depression medication and
medications may have adverse side effects. Some nonpharmacological treatments (like blue light) help with some
forms of depression including Seasonal Affective Disorder (SAD). However, there are competing studies that report
alternative light-related information. Additionally, it is difficult to study depression because it is multi-factorial.
Some people use depression models to investigate this disorder. A 2017 Nature paper by Reis et al. reported that
Drosophila melanogaster can serve as a model for depression. In this study we replicated the depression protocol in
order to determine if a non-invasive light therapy could mitigate the response of the flies. We tried four different
color treatments and a control. There were differences between all groups. Both yellow and blue light show promise
as potential treatments.

G3 Perception of Emotions by Developmental Age Group
Behavioral Science
Abigail Mitchell
Lowell High School

This project has you understand further why teenagers may be more emotional compared to adults or children.
The age of adolescence can be brought forward and seen as we look at the brain’s reaction to hormones being
secreted, each person and age groups responses to image and videos, and the memories and emotions brought
forward with each depiction of human emotion.
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G4 Coping with Stress
Behavioral Science
Rachel Joseph
Taunton High School

This project is about discovering which healthy method of coping is the most efficient in handling stress. Stress
is a very common issue, especially in teens, who deal with many stressors on a daily basis. Chronic stress can lead to
many emotional disorders and issues such as anxiety, depression, and panic attacks. The hypothesis is that if the
participant uses the “4-7-8” breathing method, then it will yield the greatest percent change in stress levels.
To test this hypothesis, a group of fourteen people were each asked to complete one of the four stress inducing
activities and then one of the coping activities and repeat for each stress inducing and coping activity. Blood pressure
levels were taken before starting, after completing the stressful activity, and after coping, along with a stress level
survey to measure the stress levels of the participants. The stressful activities used were a timed math test,
alphabetizing thirty words in three minutes, list ten life goals in three minutes, and a one minute presentation on a
given topic. The coping activities tested were yoga, meditation, “4-7-8” breathing, and coloring. Yoga had the
greatest percent decrease in diastolic pressure at -24.26%, with meditation close by at -23.16%. Meditation had the
greatest percent decrease in systolic pressure at -17.92%, and the greatest decrease in the survey stress levels at 25%. The coping method that was overall most efficient in reducing both physical and mental stress is meditation,
proving the hypothesis to be incorrect

G18 The Effect of Lavender Essential Oil on Zebrafish Stress Response
Behavioral Science
Paula Hornbostel
St. Mark's School

Undergoing a surgical procedure is associated with an increased stress response as measured by an increase in
cortisol levels post surgery. This increase has been linked to a weakening of the immune system. In the case of a
cancer patient, undergoing surgical resection of a tumor or any other related surgery, this suppression of the immune
system can also result in tumor metastasis. With numerous steroids and pharmaceuticals available to treat infection,
this study focuses on a more naturopathic treatment. This research focuses on reducing the stress response using
lavender essential oil, and uses larval zebrafish as a model organism to conduct the investigation. This study
measures the zebrafish stress response through thigmotaxis, or “wall hugging behavior.” Individual zebrafish larvae
treated with and without lavender essential oil were observed. Following experimentation and data collection,
preliminary results from this study suggest, but do not confirm, that lavender essential oil reduces stress induced by
fin clipping in a danio rerio model. Further trials are needed to confirm the suggested results.

J26 Altering the Circadian Cycle of Madagascar Hissing Cockroaches
Behavioral Science
Alexandra Duta
Boston Latin School

A circadian rhythm is a regular, biological 24-hour clock that many organisms possess. For this project, the
circadian rhythm of Madagascar hissing cockroaches was studied by monitoring their movements. Initially, the
cockroaches were kept in natural light conditions. The cockroaches’ circadian rhythms varied in the sense that they
were inactive for up to 3 days but when they moved they tended to do it at the same time of day. After a break from
monitoring, the cockroaches were kept in complete darkness for one week in order to alter their circadian cycle.
After this change in environment, the cockroaches’ circadian rhythm was different as indicated by long periods of
inactivity.
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N15 Dreams: How Real Are They?
Behavioral Science
Peter Wadsworth
Boston Latin School

As a project this aims to further understand the connections between one’s subconscious, conscious, and the
merging of the two into dreams. As a basis of understanding sleep it comes in two main parts, NREM (Non-Rapid
Eye Movement) and REM (Rapid Eye Movement). In NREM your body rests and heals, creating new and fixing old
cells. In REM your subconscious processes the day and whatever happens to be on your mind, while it can help you
understand the day it does not actually help you remember facts, that is done during your waking hours. REM is the
only part of your sleep cycle in which you dream, and is the smaller part of your sleep cycle. In this project a
subject’s self esteem is looked at in correlation with the number of positive versus negative dreams they have in a
week. My hypothesis was that those with a lower self esteem would have more negatively based dreams or
nightmares, whereas subjects with a higher self esteem would have more positively based dreams. The data was
gathered with two parts. First, a short survey, filling out how often they dream, what types of dreams they tend to
have, and the Rosenburg self esteem scale. Secondly, they fill out a seven day dream journal, explaining if they
dreamt, how they felt in their dream, and a short description of their dream.

N21 Understanding the Etiology of Substance Use Disorders in Adolescents
Behavioral Science
Adway Wadekar
St. John's High School

Substance Use Disorders (SUDs) affect about 5% of adolescents and can lead to a host of personal and societal
problems. From an epidemiological perspective, risk factors such as peer pressure, permissive parenting, and
impulsiveness make SUDs more probable, whereas protective factors like community engagement and drug
prevention education alleviate this risk. No single factor is a determinant of SUDs. This research builds an ensemble
learning framework to predict adolescents at risk for SUDs by considering an interplay between the different factors.
A data- driven model of 34 factors reflecting multiple dimensions of an adolescent’s sphere of life is derived from
over 100 questions in the National Survey on Drug Use and Health. These factors are split into two groups; Nature
includes characteristics that are individual-centric, whereas Nurture includes environmental influences. Two
ensemble classifiers, gradient boosting and random forest are trained, while applying the SMOTE algorithm to
consider class imbalance. Both classifiers can distinguish between adolescents with and without SUDs exceptionally
accurately, with AUC (Area Under ROC curve) over 0.9. They outperform logistic regression, commonly used in
epidemiological research. The approach reveals that impulsive and risk taking personality combined with easy
availability of substances results in highest risk. These findings contribute to the nature vs. nurture debate in
suggesting that SUDs among adolescents may not be exclusively attributed to natural tendencies or environmental
influences but arise from their confluence. They may also offer a rationale for why SUDs are prevalent among
adolescents in both low socioeconomic and affluent communities.
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P4 Smart Cushion System Improves Posture Correction Capability Using IoT
Behavioral Science
JieYeon(Celes) Moon
Northfield-Mt.Hermon School

With the technological revolution, our sedentary life has become the culprit of multiple sitting diseases. As the
time sitting down increases, the sitting balance is mostly lost. This uneven balance triggers our body to deform and
lead to vertebrate discs in the back to become squashed unevenly.
In this study, an IoT system was embedded in the cushion, which allows the user to continuously collect the user's
biometric data with the portable cushion. A prototype health monitoring app and device for sitting posture was
created, which was Sitting Posture Feedback System (SPFS) with IoT(Internet of Things) functionality. This device
saved the balance data from pressure sensors, into Thingspeak server. The SPFS effects of sitting posture were “PreSPFS”, “using SPFS”, and “Post-SPFS”. The first week was spent collecting data for the sitting posture. Then, the
following week the person used the SPFS and correct the posture hourly. In the week after, the sitting data was
acquired repeatedly. The data collected at each stage was processed to examine if the SPFS system has improved the
posture of the user. In conclusion, our system could correct the sitting posture in a more balanced manner.
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Biochemistry
A17
A19
C23
D3
F13
F15
F23
G15
G19
H1
H2
H13
J15
K8
N18
P6
P15

The Effects of Gap Junctions on the Presence of Interictal Periods
Is Seed Germination Affected by Soaking Seeds in Chemicals?
Testing the Competitive Binding Model between ApoE Isoforms & Abeta
Home Aquaria to Mitigate Climate Change
Characterization of Human Ecto-Nucleotidases for Autoimmune Diseases
The Affects of Ocean Acidity on Scallops
Modeling and Treating Cardiac Arrhythmias in Caenorhabditis elegans
Yeast Metabolism with and without Aeration
Creating a More Efficient Membrane for Microbial Fuel Cells
Pollution Solution
Increasing Permeability in Antibiotic Resistant Escherichia coli Cells
Potential Role of Brachyury in Response to T Cell-Based Immunotherapy
Effects of Retinol & RA on the Ability of Fruit Flies to Detect Light
The Effects of Oxycodone on Hermissenda opalescens
Effectiveness of Metal Compounds on Killing E.Coli
Tracking Metabolism of Renal Cell Carcinoma with MRI
Determining Which Antacid Functions Best in Neutralizing the Stomach
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A17 The Effects of Gap Junctions on the Presence of Interictal Periods
Biochemistry
Allyson Lu
Middlesex School

The mechanisms of Epilepsy, a neurological disorder in which patients experience abnormal neuronal behavior,
are largely unknown due to the unpredictable nature of seizures. Nonetheless, they can be studied with a model of a
localized neural network. To create such a model, I simulated excitatory and inhibitory neuron populations
separately, simplifying the system by discrediting the possibility that inhibitory neurons were also epileptic. Thus,
based on the paper Naze et al. 2015, I decided to use the Hindmarsh-Rose model to describe the mechanisms of the
excitatory neurons and the Morris-Lecar model to describe the mechanisms of the inhibitory neurons. This model
also took into account various external factors such as gap junctions, maximum possible conductance, and
extracellular properties (i.e. pH, electrochemical gradient, etc.). Thus, I began examining the effects of inhibitory
neuron gap junctions on the presence of interictal periods between seizures. For each of the trials, I modified the
parameter encoding for the strength of inhibitory-inhibitory neuron gap junctions and analyzed the resulting graphs
to determine its effect on the system as a whole: graphs generated included raster plots (which denoted through color
the membrane potential of each neuron at a particular time point) and Membrane Potential (mV) v.s Time graphs
(for each population separately and both populations together). Ultimately, I determined that the more
desynchronized two inhibitory neurons worked to shut down abnormal spiking activity, the less effective they were
at doing so. These results provide greater insight into seizure mechanisms and how epilepsy can be better treated.

A19 Is Seed Germination Affected by Soaking Seeds in Chemicals?
Biochemistry
Emma Leeuwenburgh
Bishop Feehan High School

The purpose of this experiment is to determine if presoaking radish seeds in chemicals affects the rate of seed
germination. The hypothesis for this experiment is that if seeds are pre-soaked in hydrogen peroxide, then they will
germinate at a faster rate than if they are presoaked in isopropyl alcohol or remain untreated. To test this hypothesis,
one group of seeds was presoaked in a hydrogen peroxide and water mixture, another group of seeds was presoaked
in an isopropyl alcohol and water mixture, and the last group of seeds remained untreated and were the control for
the experiment. Next, germination of these seeds and their growth patterns were observed in order to determine if
presoaking the seeds affects the rate of germination. If the hypothesis is correct, then it is expected that the seeds
presoaked in hydrogen peroxide would germinate at a faster rate.
The germination rate was determined through observing which seed sprouted first and measuring their growth daily
for 7 days after they sprouted. Initially, both of the presoaked seeds had germinated faster than the untreated seeds.
The seeds presoaked in isopropyl alcohol germinated slower than the seeds presoaked in hydrogen peroxide. After 3
days the hydrogen peroxide presoaked seedlings were half a centimeter taller than the isopropyl alcohol presoaked
and the untreated seedlings. The results prove that presoaking seeds in hydrogen peroxide is the fastest and most
efficient way for seeds to germinate.

Section 6 - Page 139 of 162

C23 Testing the Competitive Binding Model between ApoE Isoforms & Abeta
Biochemistry
Ezra Taub, Nkemdilim Okoli
Boston Latin Academy

In this experiment, we investigated the binding affinities of ApoE isoforms to the receptor LRP1 in order to test
the competitive binding model in the Amyloid hypothesis in Alzhiemer’s Disease. The binding was simulated by
using the Prodigy web server in order to model binding interfaces. Models were obtained through the Protein Data
Bank and aligned in Pymol. Binding affinities between ApoE isoforms and LRP1 were compared to amyloid beta.
Results support the hypothesis returning a higher binding affinity than that of Amyloid beta in accordance with
increasing ApoE isoforms, and an increased binding affinity when the lipid-binding domain of ApoE was accounted
for, confirming the competitive binding hypothesis in early onset AD.

D3 Home Aquaria to Mitigate Climate Change
Biochemistry
Andrew Mark Welch
Falmouth High School

Because atmospheric carbon levels are so high, and increasing so rapidly, it is imperative not only to limit new
emissions of greenhouse gases but also to capture and sequester carbon from the atmosphere. This is possible
through the formation of calcium carbonate from dissolved calcium and carbon dioxide, a process carried out by
cyanobacteria in Green Lake, New York. This project aims to find conditions at which this reaction is easily and
sustainably replicable and preferably can be done at home by individuals with little to no scientific experience, with
the goal of conscripting new people into the climate change mitigation movement. My goal was to optimize the
bacterial growth of, carbon sequestered in, and accessibility of the media. I used Blue Green Algae Media 11 (BG11, optimized for cyanobacterial growth), water from Green Lake itself (GLW), and Poland Springs (PS) water as
media. For each experimental group, I attempted to match the levels of calcium in the media with those in GLW and
the nutrients with those in BG-11. After 1 week of growth, the BG-11 samples had grown most successfully,
followed by GLW, with the lowest growth in PS water experiencing the lowest growth. The GLW cultures reduced
calcium levels by the greatest amount (removed calcium correlates with carbonate formation), and microscopy
revealed that GLW was the only media in which the bacteria formed calcium carbonate crystals. This implies that
the calcification process is an environmental response; the bacteria are reacting to environmental stimulus, rather
than performing the reaction simply because it is possible. Further experimentation is necessary in order to
determine the properties of Green Lake water that induce this reaction.

Section 6 - Page 140 of 162

F13 Characterization of Human Ecto-Nucleotidases for Autoimmune Diseases
Biochemistry
Elizabeth Zhong
Wayland High School

Extracellular ATP and ADP are released from activated or injured cells to trigger vascular and immune P2
purinergic receptors, casting a profound impact on auto-immune diseases and inflammatory responses. The
hydrolysis of extracellular ATP and ADP to AMP and adenosine are important for regulating these purinergic
signaling events. There are four human surface ecto-nucleotidases that hydrolyze these nucleotides: CD39 (ectonucleoside triphosphate diphosphohydrolase-1, E-NTPDase), CD73 (ecto-5’-nucleotidase, NMPase), alkaline
phosphatase (ALP), and acid phosphatase (HAP). To identify the best enzyme(s) for converting pro-inflammatory
ATP to anti-inflammatory adenosine, colorimetrical functional assays and high-performance liquid chromatography
(HPLC) kinetic assays have been used to investigate the enzymatic properties and reaction kinetics of the
extracellular domains (ECD) of CD39, CD73, ALP, and HAP. The study has demonstrated that ECD-CD39 had ENTPDase activity but no NMPase activity, whereas ECD-CD73 had NMPase activity with no E-NTPase activity.
The mixture of both enzymes could efficiently convert ATP to adenosine, where CD39 degrades ATP to AMP and
CD73 degrades AMP to adenosine. ECD-ALP and ECD-HAP both have good NMPase activity, with low ENTPDase activity. These results have suggested for the first time that the enzyme mixture of ECD-CD39 and ECDCD73 seems to be the most effective among the ecto-ectonucleotidases tested in modulating various types of
purinergic signaling for autoimmune diseases.

F15 The Affects of Ocean Acidity on Scallops
Biochemistry
Annabelle Brothers
Martha's Vineyard Regional H. S.

Almost all shellfish are made of a compound called calcium carbonate. In this experiment, the effects of acidity
on shellfish, specifically bay scallops (Argopecten irradians), was tested. The experiment investigated how the shells
of scallops would react when placed in different solutions varying in pH levels. This was done by putting crushed
shells into 3 beakers containing different leveled pH solutions (pH of about 2, 4, 7, and 8) and measuring their initial
mass and final mass. Each beaker received 10 grams of crushed shells that were about the same size to help keep
variables other than pH level controlled. The shells were left in the solutions for two weeks in the same environment.
The hypothesis predicted that shells exposed to lower pH levels (higher acidity) would have a greater decrease in
mass. That was supported by the results in which the shells left in alkaline water (pH 8 and more similar to the
current ocean acidity level) had very little percent change in mass, while the pH 4 solution had a greater percent
change, and the pH 2 had the greatest percent change in mass of the shells. The results concluded that when shells
are exposed to greater acidity levels, they will lose more mass as opposed to being exposed to neutral, or possibly
alkaline solutions.
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F23 Modeling and Treating Cardiac Arrhythmias in Caenorhabditis elegans
Biochemistry
Connor Casey
Leominster High School

Long QT Syndrome and Familial Atrial fibrillation are inherited Cardiac arrhythmias. Specifically, long QT
syndrome is caused by a prolonged repolarization of the heart. This prolongs cardiac action potential and puts
patients at risk for life-threatening cardiac arrhythmias. Familial Atrial fibrillation is characterized by a quivering of
the atria chambers of the heart. This leads to rapid heart rates and inadequate blood flow to the rest of the body.
Arrhythmias are often treated with medications know as beta blockers (β-blockers). Beta blockers have several
undesirable side effects such as nausea, vomiting, and fatigue. Also, individuals with asthma and diabetes are
discouraged from taking β-blockers due to specific interactions with these conditions.

G15 Yeast Metabolism with and without Aeration
Biochemistry
Yumnah Elshaar, Haya Nazir
Al Noor Academy

While we conducted our experiment, we recorded the amount of carbon dioxide that formed with and without
aeration in ten minute intervals until we reached half an hour. We found that the bottle that did not undergo aeration
was able to produce a lot more carbon dioxide than the bottle that was aerated. In the bottle without oxygen, the
nutrition in the yeast produced more waste and a lot more foam and bubbles were present. In the solution that
contained oxygen, we saw little carbon dioxide formation and the yeast was more focused on maintaining its cells,
and as a result, it produced little to no foam. We chose this topic because we were curious to learn about the different
uses of yeast in modern-day life and the different possible ways that it can grow. We also wanted to experiment and
see for ourselves the different rates of aerobic or anaerobic yeast metabolism.
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G19 Creating a More Efficient Membrane for Microbial Fuel Cells
Biochemistry
Alina Shkurikhina
Shrewsbury High School

With the growing human population, water and air pollution levels are rising which is causing massive changes
to our planet’s climate. The best solution to these issues is the development of alternative energy sources, like the
microbial fuel cell (MFC). An MFC is a device that relies on exoelectrogenic bacteria, which decompose organic
matter into protons and electrons that travel through a circuit to form an electric current. However, the most common
type of MFC (salt bridge MFC) produces a small amount of energy because the use of NaCl in its membrane causes
high internal resistance. The goal of this project was to create a more efficient proton-exchange membrane in a salt
bridge MFC by using alternative salts to NaCl. The hypothesis was that salts with a lower difference in ionic
mobilities of their ions, such as KCl and Na₂SO₄, would result in a more efficient salt bridge. To test this hypothesis,
three MFCs were made, one of which was the control with NaCl in the salt bridge and two were experimental, one
with KCl and one with Na₂SO₄. An electrode for each anode and cathode chamber was made and mud samples were
gathered. The MFCs were assembled using these components and voltage readings were taken twice a day over 15
days. The results of this experiment showed that the KCl salt bridge MFC produced the highest voltage and power
output, and the NaCl MFC produced the lowest voltage and power output. After analyzing the results of the
experiment, the data supports the hypothesis that KCl and Na₂SO₄, which have a lower difference in ionic mobilities
than NaCl, act as more efficient electrolytes in a salt bridge MFC. The results of this experiment may help to
advance the technology of microbial fuel cells and develop a more efficient alternative energy source.

H1 Pollution Solution

Biochemistry
Jessica Ricci
Bishop Feehan High School
I chose this experiment because I’m fascinated that scientists can use lipids from algae to create clean fuel for
our earth. I have always been interested in renewable fuel to preserve our future, and this a great way to explore this.
Not only can lipids be harvested from algae, but other green plants as well. The problem statement of this
experiment is “What is the effect of different alcohol percentages on the extraction of lipids from green algae?”. The
hypothesis of the experiment is “If different alcohols are used to separate the lipids from the algae, then the strongest
alcohol percentage will separate more lipids because it has a higher alcohol concentration which will help break
open the cell walls and membranes”. The rationale discusses the need for algae lipids to create biofuel and this
hypothesis predicts that the strongest alcohol percentage will be the most effective. [Roux; Lamotte; Achard, 2017]
There were three alcohol percentages that were separately mixed with dish soap and meat tenderizer to extract the
lipids from green algae. Three beakers were used for each alcohol percentage. Added ingredients were the dish soap,
meat tenderizer, and the algae. After all the ingredients were mixed together, they were placed in a greenhouse for
one hour, while being checked every ten minutes. When the process was over, the results were examined underneath
a microscope. While viewing through the microscope, the lipids were counted. The hypothesis predicted that the
highest alcohol strength would yield the most lipids. A significant result showed that the lowest alcohol strength of
50% was able to extract more lipids than the 70% and the 99%.
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H2 Increasing Permeability in Antibiotic Resistant Escherichia coli Cells
Biochemistry
Nishita Roy, Ann Titus
Shrewsbury High School

Antibiotic resistance proves to be an increasing problem in the world today. In third world countries excessive
antibiotic usage and bacterial infections can no longer be treated with Amoxicillin, Ampicillin, and Penicillin due to
antibiotic resistance. Resistance occurs due to the shrinkage of pores in the bacterial membrane thus not letting
antibiotics enter the bacteria and inhibit its growth.The experiment required Carbenicillin resistant E.coli colonies to
be made. The selected Carbenicillin resistant E.coli colonies were grown in three different conditions, control and
two dosages (5mM and 20mM) of phenylalanine for 24 hours in the culture room. Respective phenylalanine treated
bacteria was once again streaked onto Carbenicillin coated agar-agar plates for 24 hours after which they were
counted. The number of colonies were highest in the control, and decreased with increasing doses of phenylalanine.
Phenylalanine treatment increased the E.coli permeability thus letting the antibiotic enter the cell and inhibit its
growth. The two doses of phenylalanine were compared to the control, and to each other. The decrease observed has
a p-value less than 0.05 when tested for significance. This information can be used to reverse antibiotic resistance in
people and change the way antibiotics are prescribed and used. In the future, the effect of said doses of
phenylalanine on patients will be researched. Based on the data, a highly concentrated phenylalanine pill will also be
considered to be taken during the cycle of antibiotic use. The use of other potent reagents with multiple antibiotic
resistance potential can be considered. Lastly, a higher concentration of phenylalanine will be researched to look for
greater inhibition of bacterial growth.

H13 Potential Role of Brachyury in Response to T Cell-Based Immunotherapy
Biochemistry
Ananthan Sadagopan
Westborough High School

Chordoma cells are characterized by aberrant presence of the protein brachyury, shown to play a crucial role in
chordoma pathogenesis. Disappointing results obtained with conventional therapies have stimulated interest in T
cell-based immunotherapies for chordoma, however, the few such clinical studies performed have yielded poor
results. For tumor cells to be recognized and destroyed by T cells, functional human leukocyte antigen (HLA) class I
antigen processing machinery (APM) is required: these components mediate the presentation of tumor antigens on
tumor cells which, in turn, are recognized by T cells. We investigated the potential role of brachyury in the defective
HLA class I APM component expression and therefore the lack of clinical response to T cell-based immunotherapy
in chordoma. To this end, we first corroborated our previous finding that HLA class I APM component expression is
downregulated in chordoma tumors via immunohistochemical analysis. We then found that higher SHP2 expression
is both associated with and promotes HLA class I APM component downregulation in chordoma cell lines, and that
SHP2 expression is positively correlated with brachyury expression. We next investigated the mechanism(s) by
which brachyury could potentially interact with SHP2, leading to the construction and validation of a model
demonstrating a potential role of brachyury in HLA class I APM component downregulation in chordoma cells.
Understanding of this model contributes to the future design of strategies to restore HLA class I APM component
expression in chordoma cells and improve the efficacy of T cell-based immunotherapies in the treatment of the
tumor.
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J15 Effects of Retinol & RA on the Ability of Fruit Flies to Detect Light
Biochemistry
Balaji Ganapathi
Acton-Boxborough Regional High School

Glaucoma is a group of eye diseases affecting millions of people worldwide. It is usually caused by high
intraocular pressure (IOP) and causes the ocular nerve to break down. One main form of Glaucoma, Primary
Congenital Glaucoma (PCG), afflicts many glaucoma patients with a family history of Glaucoma. Many cases of
PCG can be linked to a mutation on the CYP1B1 gene. This gene mediates Retinoic Acid (RA) synthesis from
Vitamin A for ocular development, and therefore any mutation on CYP1B1 will cause the eye to lose access to that
important chemical. Consequently, the eye will develop with many abnormal ocular structures, and eventually
develop high IOP and blindness. However, retinoic acid can be supplemented to these RA-deficient patients in two
forms: via Retinol (Vitamin A), a precursor of RA that will be broken down into RA in the body; or via pure RA,
which will not break down and go to its destination unchanged. This experiment will determine which option will be
more effective at supplementing RA to patients. I will be giving different batches of healthy Drosophila
Melanogaster Retinol or RA and measure if either chemical inhibits their eyesight. If one batch does have worse
eyesight than normal Drosophila, then it will not be effective at treating RA-deficient patients with already bad
eyesight. If both options do not harm the eye, then both options should be pursued for treatment. With the more
effective method determined, I will be able to give CYP1B1 mutant (thus RA-deficient) organisms supplements that
could potentially stabilize their ocular development. Thus, this experiment helps me determine the basics of a much
more important experiment for the future.

K8 The Effects of Oxycodone on Hermissenda opalescens
Biochemistry
Edith Leaver, Sofia Metri
Falmouth Academy

The opioid epidemic in the United States has grown very severe in the past several years, making research into
how opiates affect the human brain more important than ever. The results of the studies that have been done on the
relationship between oxycodone and learning acquisition have mostly indicated that the effects of oxycodone are
negative. The purpose of this study was to find if oxycodone affected Hermissenda opalescens’ learning acquisition
when tested after being submitted to an associative training paradigm. 50 mg and 10 mg of oxycodone were scaled
down to the dosages used in the experiment. The Hermissenda opalescens were split into five groups in the first trial:
10 mg acute, 25 mg acute, 10 mg chronic, 50 mg chronic, and natural sea water (NSW) which was the control. They
were trained using an associative training paradigm, and later tested. The second trial involved three groups, 50 mg
acute, 50 mg chronic, and NSW. During the first trial, most animals retained learning acquisition, with negative %
change as much as 13% in length. In the second trial, most of the animals treated with oxycodone produced a
positive % change in length, as much as 32%, signifying a lack of learning acquisition. It was hypothesized that in
smaller amounts, oxycodone would not cause cognitive impairment in the Hermissenda, but in larger doses it could
lead to loss of memory. This was partially supported by our findings, adding to the growing body of knowledge
about the effects of opioids.
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N18 Effectiveness of Metal Compounds on Killing E.Coli
Biochemistry
Ksheeraja Ramanujam, Harika Lingamarla
Shrewsbury High School

Escherichia coli is a gram-negative bacteria found in the intestines of mammals. O157:H7 E. Coli presents itself
as a gradually more prominent issue due to incidents such as the 2017 Salinas Valley green produce epidemic. In
1999 it was estimated that 73,000 people in the US got sick and 60 died each year from E.coli ingestion. Although
there have been effective precautions against infection by the harmful strain of E. Coli, the crux of the matter is
eliminating it completely from food, water, and other sources of infection. To that end, a few E. Coli inhibitors:
silver, copper oxide, and zinc oxide, were tested by measuring the zone of inhibition (the distance from a disc soaked
in antimicrobial substance to the edge of the area where no colonies of bacteria can be found). The experiment
exposed all three metallic nanoparticles to E. Coli for 48 hours, with one disc per quadrant in each Petri dish. There
were 20 trials for each metallic nanoparticle and 20 for the control. The objective was to test which of the three
would be most effective at eliminating E. Coli. After all tests were conducted, only silver nanoparticles had a
statistically significant effect on killing the bacteria, and copper oxide and zinc oxide were ineffective. Copper oxide
surprisingly yielded the same results as the control group, 0.0 mm for all trials. These results suggest that silver
indeed is the most effective metallic nanoparticle, and can thus be used to eliminate the spreading of E. Coli
infections during harvests. Future studies will focus on the threshold of human metallic nanoparticle intake, and the
safety concerns of ingesting silver nanoparticles. This work increases understanding of using metallic substances to
prohibit harmful biological agents from entering the human body.

P6 Tracking Metabolism of Renal Cell Carcinoma with MRI
Biochemistry
Timothy Pinkhassik
Boston University Academy

Once a promising class of cancer drugs; angiogenesis inhibitors have fallen short of expectations. Medical
cancer imaging has also lagged behind surgical methods of understanding tumor structure. Tumor activity is still
clinically measured by looking at the size of the tumor, and tumor heterogeneity is seldom measured or accounted
for in treatment. This project used a novel imaging method and evaluated its effectiveness by using Hyperpolarized
13C MRI to track metabolism of Renal Cell Carcinomas in rats. Three groups of rats were given different treatments
for renal cell carcinoma. One was left untreated, to act as a control, another group was further divided and rats were
treated for 24, 48, and 72 hours with angiogenesis inhibitors; and the last group was treated until it developed
classical signs of tumor resistance. Each rat was imaged with 13C tert-butanol to measure perfusion. Then, each rat
was given 13C labeled pyruvate, which metabolized into 13C lactate at different rates depending on tumor activity.
The tumor was then imaged with MRI and data were analyzed in MATLAB. The data show that angiogenesis
inhibitors force tumors into periods of intense activity and select for resistance.
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P15 Determining Which Antacid Functions Best in Neutralizing the Stomach
Biochemistry
Margaret Henning
Boston Latin Academy

Acid Reflux is a condition very common among Americans, when Acid Reflux persists more than twice a week
it is considered Gastroesophageal Reflux Disease(GERD). GERD is treated in two main ways, antacids and proton
pump inhibitor medications. In my experiment I determined which antacids function best in neutralizing the stomach
environment when testing Tums, Alka- Seltzer and Gaviscon. After testing the antacids in the same manner I found
that Tums functioned best and Gaviscon functioned worst in raising the pH. This can be attributed to base
concentration. In testing each antacid following their directions on their packaging, I found that Alka- Seltzer
functioned best in neutralizing their stomach environment and Gaviscon again functioned the worse, this is again due
to concentration of base. I then focused my attention on the safety of these medications and looked into the overall
effect of proton pump inhibitors on the entire body. After research into Type 2 Diabetes, salivary proteins, and the
relationship between GERD and Type 2 Diabetes, I made an overall connection between a person taking a prescribed
proton pump inhibitor, which raises the pH of many body systems, and an increased likelihood of developing Type 2
Diabetes or worsening symptoms.
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Chemistry
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Functionalized Polylactide Filament for Additive Manufacturing
Modular Microlab for Chemical Synthesis
Separating Dyes Using Kinetic Sand
Powerade vs. Gatorade: Which Sports Drinks Have the Most Electrolytes?
Is Your Shampoo Deceiving You?
Which Type of Fabric Material Will Retain the Most Amount of Dye?
The Effects of Different Water Repellents on Cotton Fabric
Effects of the Ratio of Sodium Ethoxide on Biofuel Transesterification
Non-Meltable Ice Cream
Reduction of CO Poisoning in PEM Fuel Cells via Au-Ru Nanoparticles
Melting Ice
Water Purification Using Photocatalyst
Graphene Based Organic Solar Cell
All Natural Multi Purpose Pesticide
The Effects of Light on a Chemical Reaction
Effects of Solutes on Swelling of Gel Beads
Corrosive Effects on Magnetism
Let’s Yeet This Wheat: Removing Gluten From Fryer Oil
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A26 Functionalized Polylactide Filament for Additive Manufacturing
Chemistry
Suvin Sundararajan
Westfield High School

This project designs the manufacturing and polymerization process for synthesizing filament in fused deposition
modeling. The purpose was to enhance the flame-retardant properties of polylactide (PLA) through additives to be
viable for commercial applications.
To manufacture filament, deoxybenzoin, a novel flame-retardant, was synthesized in lab and incorporated into PLA
through a four-step procedure. Batches were created with a control group of PLA, systematic amounts of
deoxybenzoin, and industry standard flame-retardant for benchmarking. A self-developed robotic puller kept
filament diameter consistent at 1.75mm.
The deoxybenzoin was tested with nuclear magnetic resonance to verify the polymer. The blends underwent FT-IR
for spectrum analysis. Thermogravimetric analysis and differential scanning calorimetry analyzed thermal
properties. Mechanical analysis was done through tensile tests.
Properties were bench-marked with mainstream polymers. Results indicated that incorporating deoxybenzoin and
PLA in the manufacturing process increased the charring residue by 400%, enough to pass ISO vertical flame-test
standards. The polymer improved the tensile strength from 37 mPa (PLA) to 50 mPa, outperforming most
commercial polymers. The new filament prints more precisely than PLA and has a lower print-fail rate, qualifying it
for implementation in high-precision aerospace parts and the construction industry.

C10 Modular Microlab for Chemical Synthesis
Chemistry
Zubin Nawab
St. John's High School

Chemical research is an integral part of the world; it improves the lives of patients, in the form of new drugs and
treatments, and can help the creation of new materials. Chemical research around the world involves expensive, hard
to access, and hard to understand equipment. The goal of this project is to create a modular system that uses
interchangeable modules to synthesize various chemicals. The MicroLab is an acrylic system to transfer, store, and
transform chemicals in an understandable way that allows creativity and experimentation with ease. Each module
represents a step, or multiple, in the overall process. These modules function as a chemistry lab though shrunken
down and with simpler designs. The experimental reaction was conducted outside the modules due to limitations in
time. With more time, we hope to thoroughly test the prototype and create further versions.
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D2 Separating Dyes Using Kinetic Sand
Chemistry
Serena Chen
North Quincy High School

Separating soda dyes using kinetic sand was carried out in this experiment. It was hypothesized that if more
kinetic sand is used, then the dyes of grape soda, orange soda, strawberry soda, raspberry soda, and fruit punch soda
would separate. This experiment was tested using column chromatography by putting cotton ball, kinetic sand, soda
color, and an eluent solution to run the column. 4 fractions were collected for each soda color. Each soda color was
tested for soda chromatography to determine which FDA standards are in the soda. From column chromatography,
the color of the dyes did not separate from each other, but separated from the water. In paper chromatography, the
standards matched up with the sample soda. Kinetic sand is a poor adsorbent.

D20 Powerade vs. Gatorade: Which Sports Drinks Have the Most Electrolytes?
Chemistry
Adrienne Kyere
Bishop Feehan High School

Sports drinks such as Powerade and Gatorade contain many electrolyte components. The absence of electrolytes
can cause many health issues which is why it’s important to ensure they are replenished properly. The purpose of
this experiment was to test between Powerade and Gatorade, which sports drink had the most electrolytes. The main
electrolyte found in these drinks is sodium, which led to the hypothesis that if blue Gatorade has more sodium than
blue Powerade, then blue Gatorade would have more electrolytes because sodium is one of the body’s main
electrolytes. By building a circuit using jumper cables, a battery, and wires, which connected to a multimeter the
voltage of each drink was able to be measured. In trial one, Gatorade measured at 38.8 volts while Powerade
measured at 62.7 volts, and the control, water measured at 11 volts. During trial two, Gatorade increased and
measured at 39.5 volts, while Powerade measured at 60.5 and water at 9.7 volts. In the third trial, Gatorade measured
at 35.4 volts, Powerade measured at 60 volts, and water measured at 9.3 volts. Overall, Gatorade measured at 37.9
volts while Powerade measured at 61.06 volts and the control, water, measured at 10 volts. During the experiment,
an error was made. To find electrical current, the drinks should have been measured in amps, but the multimeter
setting was on the voltage.There is a scientific conversion of volts/resistance=amps and Powerade and Gatorade
would have the same resistance because their makeups are extremely similar. In all three trials, the data showed
Powerade had a higher voltage than Gatorade, meaning it would have a higher electrical current as well, which was
not the expected outcome. Overall, the hypothesis is unsupported and Powerade has more electrolytes than Gatorade.
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F18 Is Your Shampoo Deceiving You?

Chemistry
Lisette Cross-Garcia
Edward M. Kennedy Academy for Health Careers
The purpose of this experiment is to find which shampoo can help retain moisture in variable type 4 hair while
also being beneficial to the hair. Which Shampoo with the most moisturizing oils can help retain moisture in type 4
hair? The shampoo with the most moisturizing oils such as coconut oil, shea butter, argan oil serum, in the
ingredients will retain moisture and protect the hair shaft compared to less moisturizing shampoos. Wash the
variable of type 4 hair with a shampoo and let dry then repeat. Suave Professionals Shampoo retains moisture in
variable type 4 hair since it contains the most moisturizing oils that will protect the hair shaft. The hypothesis was
supported since the Suave Professionals Shampoo contains moisturizing oils that nourished the variable of type 4
hair.

F22 Which Type of Fabric Material Will Retain the Most Amount of Dye?
Chemistry
James Fasy
Bishop Feehan High School

Stains occurring on fabrics is a common misconvenience that can lead to the tarnishing of something made with
fibers. As a result of two unlike materials colliding, the item staining will weave its way into the pores of the fabric
therefore creating discoloration. Another way of staining is via chemical reaction, where the reactor (the dye) is
exposed to the fabric, leading to an interaction with varying outcomes depending on the dye’s chemical makeup and
the fabric’s molecular structure. Speaking about the purpose, this is an experiment used to figure out which fabric
materials will retain the highest percentage of dye. I’ve hypothesized that the cotton will have the most discoloration
as the cotton is capable of holding upwards of 25 times its weight in liquid form.
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G8 The Effects of Different Water Repellents on Cotton Fabric
Chemistry
Sabrina Leung
North Quincy High School

The question addressed by the experiment conducted was “Do different types of water repellent affect the
resistant cotton fabric has to water?” There are numerous brands of water repellent that can be found in the store, but
which one is the best? The independent variable in the experiment was the different brands of water repellent and the
dependent variable was the amount of water in grams that was absorbed by the fabric. The group of fabric with no
water repellent was the control. The original hypothesis was “If RainX, Neverwet, Kiwi, Krylon, and Scotchgard
water repellents are applied onto pieces of cotton fabric and then soaked into water, then the Scotchgard water
repellent will allow for the least amount of water, in grams, to be absorbed by the fabric and the Krylon will allow
for the most amount of water, in grams, to be absorbed.” To conduct this experiment, pieces of fabric were coated
with the different brands of water repellents. All the coated fabric pieces were soaked in a bucket of water and the
mass of the water absorbed was measured and compared to the control group, the fabric with no hydrophobic spray.
The less water that was absorbed, the more effective the coating was at repelling water from cotton fabric. The
results and data obtained did not support the original prediction of Scotchgard performing the best as Neverwet and
Kiwi clearly outperformed it by allowing for almost no water to be absorbed by the fabric. The practical applications
of this research is that now consumers will know where to spend their money when looking for the most effective
water repellent spray in stores or online because there are hundreds to choose from, but some are noticeably more
effective.

G9 Effects of the Ratio of Sodium Ethoxide on Biofuel Transesterification
Chemistry
Emma Bourgeois
Wachusett Regional High School

Biofuels are carbon-neutral energy resources which can help reduce global warming as an alternative to
nonrenewable fossil fuels. With algae having a high lipid (fat) content, algae blooms can be harvested and used to
create biofuel. By using the process of transesterification to harvest the lipid content, it was believed that a higher
ratio of the catalyst would produce more biofuel. The purpose of this experiment was to see if varying ratios of
sodium ethoxide to algae would have an effect on the biofuel produced from the algae N. oculata.
Transesterification uses sodium ethoxide to catalyze the breakdown of the algae. Four different ratios of ethanol (in
sodium ethoxide) to algae oil were created: 0.5:1 mL, 1:1 mL, 2:1 mL, 3:1 mL. After two weeks of growing the
algae, 100 mL of algae was mixed with the corresponding amount of sodium ethoxide. Three layers in the mixture
were then created, where the top layer of biofuel was extracted and measured.
The hypothesis was supported as the highest ratio of the sodium ethoxide to oil produced the highest amount of
algae. The 3:1 ratio produced an average of 2.6 mL of biofuel between the two trials, which can be compared to the
0.5:1 ratio where about 0.4 mL was the average. This is significant as there was a near linear increase between each
of the ratios, showing that an increase in the ethoxide did have an effect on the volume produced.
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G11 Non-Meltable Ice Cream
Chemistry
Razan Hagyousif, Naz Chaudry
Al Noor Academy

On a warm, summer day, my friends and I take a hike on a scenic yet difficult train. Upon reaching the summit
of the mountain, we sit on some rocks to enjoy the view and enjoy some rewarding snacks. Unfortunately, the food
and water is warm. All one wants at that moment is a cool treat. With a smile on my face, I pull out a container of
chocolate ice cream, cool and unmelted. My friends stare at me in shock and excitement. It is the perfect treat.
"How did you make it," they ask.
Well, the secret is quite simple.
For our science fair project, my partner and I wanted to do something unique, something not too complicated yet
something so extraordinary it would leave the world in awe. When we thought of this idea and researched it, we
realized that the world barely knew about it, and could really benefit from it. We adapted a recipe, including a plantbased antioxidant called polyphenol. We created three batches, one with no polyphenol, one with six tablets, and one
with eight. The results were shocking. Not only did we make ice cream that does not melt, it is healthy too.

G23 Reduction of CO Poisoning in PEM Fuel Cells via Au-Ru Nanoparticles
Chemistry
Luca Leger, Mark Zhang, Ryan Meehan
Medfield Senior H. S.

Gold (Au) and Ruthenium (Ru) nanoparticles (NPs) have proven to be effective catalysts in proton exchange
membrane fuel cells (PEMFCs), primarily because of their ability to reduce carbon monoxide (CO) poisoning,
however, their joint effect remains largely unstudied. Here, we synthesized AuRu nanoparticles through the twophase method developed by Brust et al. Monolayers of the AuRu nanoparticles were deposited on Nafion 117
membranes at various surface pressures using the Langmuir-Blodgett method. Examining membranes coated at
surface pressures of 1 mN/m, 2 mN/m, and 5 mN/m, we find that each membrane coated with AuRu nanoparticles
experienced an increased maximum power output. The membrane coated at a surface pressure of 2 mN/m achieved
the highest maximum power density in all testing environments. Under atmospheric oxygen conditions, the surface
pressure 2 mN/m membrane achieved a 47.3% increase over the control. With pure oxygen intake, it achieved a
21.5% increase over the control. In the presence of 0.1% CO within the H2 fuel, the membrane achieved a 79.9%
increase over the control. The results come as the first known experimental proof of the viability of gold ruthenium
nanoparticles as a method of mitigating CO poisoning in proton exchange membrane fuel cells.

G25 Melting Ice

Chemistry
Quaron Wiggins
John D. O'Bryant School of Mathematics and Science
Our question was, “What makes ice melt the fastest between salt, sugar, and sand?”, and our hypothesis was that
if I add salt, sugar, and sand to ice cubes, then the solute of salt will melt the ice cubes the fastest. For this
experiment we used: Identical bowls or saucers (3), Ice cubes (9), Salt (¾ tsp.), Sugar (¾ tsp.), Sand (¾ tsp.), ¼
teaspoon measuring spoon, Timer or clock (phone), Refrigerator, 50 mL graduated cylinder, Large cup with a spout,
(measuring cups), and Lab notebook. In this experiment, we had to take each bowl and put in 3 ice cubes. Then, each
bowl got ¾ tsp of each substance. Then, we placed the bowls in the refrigerator and we set a timer (5-10 minutes),
and checked back to see how much of the ice had melted in each bowl in that given time. Our conclusion was that
salt makes ice melt the fastest.
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J1 Water Purification Using Photocatalyst

Chemistry
Katelyn Wojtowicz, Konstantina Bousios , Isabella Rooney
Methuen High School
With the growth of industry, there has been an increased amount of pollution being produced. Removing this
pollution from waste can be very expensive and, at times, ineffective. Improvements to how this pollution is
removed from the waste is vital to the sustainability of the water supplies where this waste is being released after
being treated. Industrial plants, including textile plants, use a number of natural dyes when creating certain products.
This causes the dye to be present in the plant’s waste. What if sunlight could be used to remove this dye pollution?
Sunlight combined with inexpensive photocatalysts can result in a simple method to remove the color from the
wastewater. This experiment utilizes the photocatalyst graphitic carbon nitride, which is produced from urea or
nitrogen waste. This allows the photocatalyst to be inexpensively made, and due to its photocatalyst properties it can
be reused repeatedly. This also can be modified to become more effective and less time consuming. Using a this
photocatalyst and sunlight, the dye molecules will degrade and using a U-V spectrometer to determine the amount of
dye remaining within the waste after a certain amount of time. After multiple experiments the same procedure is run
using real waste material from a local textile mill. With the findings from the experiment, it is possible for new
methods to be implemented by larger scale companies when removing the pollution from the wastewater. This
allows for a cost effective and easy way to help minimize pollution by large-scale companies, which can be
detrimental to the environment.

J13 Graphene Based Organic Solar Cell
Chemistry
Yash Sahoo, Omprakash Sahoo
Chelmsford High School

Perovskite-based solar cells have been attracting increasing attention in recent years. Along with the host of
benefits they provide, such as being easily reproducible, affordable, and mechanically flexible, they have a host of
their own problems with light-induced degradation, device stability, and mediocre conductivity. We investigated the
Graphene Oxide (GO)/poly(3,4 ethylenedioxythiophene):poly(styrene sulfonate) (PEDOT:PSS) composite for the
practical application in 2D carbonaceous hole transport layers in perovskite solar cells. Additionally, we investigated
the use of cosolvents to create a barrier between the acidic PEDOT:PSS and perovskite while decreasing
hygroscopicity. We will be discussing the advancement of the hole transport layer, and describe the effects of
Graphene Oxide (dopant) and the cosolvent of many alcohols such as Ethanol, Sorbitol, and Glycerol on device
transmission, surface wettability, and film quality. In addition, we will be discussing the probable qualities of the
devices based on internal mechanisms and their direct effects on the finished product.
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J18 All Natural Multi Purpose Pesticide

Chemistry
Conroy Casey
Berkshire Arts & Technology Charter Public School
Pesticides are a major problem, and they don't just affect human health. Pesticides can affect the environment,
drinking water, crops and life here on Earth. This is why the experimenters chose to devote their time to finding a
solution to these pesticide problems by creating an all natural, multipurpose pesticide. To find this, they are testing a
variety of essential oils. In this experiment, Lavender, Lemongrass and Peppermint will be tested to assess their
effectiveness to repel fruit flies from eating strawberries. The solutions (or sprays) were created by mixing 10 mg of
oil with 20 mg of water into their own spray bottles. Two different bunches of strawberries, for each trial, were
weighed. Putting ten flies into a secure fish tank (and taking them out, for all trials), along with one sprayed and one
control strawberry (or non sprayed), they waited 24 hours then weighed the strawberries to find the effectiveness of
the spray has on the fruit flies willingness to eat the sprayed ones. They guessed if one out of two strawberries are
sprayed with one of the three solutions, then the fruit flies will eat the control strawberry because the solution
contains natural pest aside. What they want to find is what spray repels fruit flies over the others. They eventually
found that there was no way to record data to determine if the flies ate anything, they simply recorded the weight of
the strawberries before and after the experiment, to find the total weight loss. Due to their lack of data, the
experiment was inconclusive and they needed more data about the flies interacting with the fruit. As the data shows,
eating sprayed strawberries lost 2 grams (first and second trial) and 1 gram (third trial), and each control strawberry
lost 1 gram. The hypothesis was not supported.

J22 The Effects of Light on a Chemical Reaction
Chemistry
Katelyn Silva, Ava Cambra
Bishop Stang High School

The purpose of the following experiment is to determine the effect of different varieties of light sources on the
same type of chemical reaction. The hypothesis is “If a chemical reaction were exposed to light, then the color
change would vary from sunlight being the most impactful, incandescent progressively weaker, LED having the least
variation and no change in a reaction with no exposure to light.” This experiment tests the independent variable
which was the different light sources; sunlight, incandescent light, LED light, and no light. The light sources affect
the dependent variable, the color change in the chemical reaction. The chemical reaction being used in this
experiment was iodine-ammonium-oxalate acid solution. Through the results of the experiment, the hypothesis was
proven correct. Overall, this experiment has determined that although artificial light affects this type of chemical
reaction, natural sunlight is the most impactful when it comes to color variation.
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K10 Effects of Solutes on Swelling of Gel Beads
Chemistry
Alice Huang
Lowell High School

Superabsorbent polymers (SAP) are all around us whether we know it or not. They have many applications in:
agriculture, hygiene, and toys. The purpose of this project is to determine what affects the swelling of a commercial
SAP. To test the swelling, the SAP hydrogels were first placed into tap water as a control and to see how long it
would take to reach the constant size, which was about twenty-four hours later. From there, hydrogels were placed
into solutions made with different compounds, at different concentrations, to see what would affect the swelling. The
results show that a 1M of urea solution swells almost as much as tap water. The SAP hydrogels were also put into
solutions of different salts, including table salt and several compounds that are found in fertilizers. The extent of the
swelling is a function of the ionic strength, which means high electrolyte concentrations swell less, which means that
SAP is a polyelectrolyte. Tests studying the release rate of phosphate, which is found in commercial liquid fertilizer,
was also done to see if they could be used in agriculture to fertilize crops. The results showed that the fertilizer
leaves the SAPs too quickly if constantly in solution, so it would be more effective in dryer areas. SAPs with and
without fertilizer solution were also used to spurt grass seeds. That test showed that the growth rate of grass seeds
was slower for SAP with fertilizer.

P1 Corrosive Effects on Magnetism
Chemistry
Brian Chen
North Quincy High School

Acid corrosion has been applied to neodymium magnets with a chemical composition primarily composed of
iron and neodymium, making the specimens susceptible to corrosion catalyzed by acetic acid in order to examine the
effect of corrosion on magnetism. The expected result of the study was for the magnetic abilities of specimens to
decline with increased corrosion. The specimens, corroded to varying degrees due to residing in acetic acid for
various amounts of time, were set a certain distance away from a stronger neodymium magnet and were slowly
shifted toward it. The farthest distance of each specimen from the stronger magnet while still impacted by its
magnetic field was recorded. The results displayed specimens with no corrosion achieved the average result of 7.8
cm while after 192 hours of corrosion, the specimens only achieved 5.889 cm. This data shows that as the amount of
corrosion increased, the farthest distance of the specimens while still influenced by the stronger neodymium magnet
decreased. This study shows that magnetism is directly affected by corrosion and this can be applicable to engineers
and infrastructure which involve magnetism, but are also susceptible to corrosion in order to establish a balance for
the magnetic component to still function.

P9 Let’s Yeet This Wheat: Removing Gluten From Fryer Oil
Chemistry
Alannah Miller, Alisa Stolyar
Hopkinton High School

One in every twenty-five people have a negative reaction to the protein gluten because of celiac, an allergy, or a
sensitivity. Since gluten is a protein, it does not bond with lipids such as oil. We used this information to come up
with a simple and efficient procedure to allow restaurants an option to filter gluten out of their fryer oil to allow
these people to eat fried food safely. Our procedure involved constructing paper filters and cooking a tater tot in
these filters for different periods of time. Our research led us to find that the food cooked in oil with a paper filter
registered as being below 20ppm for up to 10 minutes. We then used that data to create a working prototype fryer
basket that has a paper filter inside. This basket includes a double layered barrier to prevent food inside the basket
from touching any particles that stick to the outside of the basket. The paper filter protects the food inside from
contamination while being both safe and easy for people working in restaurants to use. This would allow for
restaurants to fry gluten free food in gluten contaminated oil.
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D9 Powering Sails in Space
Earth & Space Science
Henry D'Andrea
Martha's Vineyard Regional H. S.

This project is about finding inexpensive and efficient ways to concentrate sunlight onto solar sails in space. To
do so, lenses and mirrors were set up in different ways using a photosensor and a light to simulate different methods
of concentrating sunlight. For each setup, multiple data points were recorded for each change in distance or other
values to make the data as precise as possible, and all physical measurements were done using proper physical
equipment. The results showed signs of consistency in how sunlight would be concentrated, and were highly
conclusive in supporting the possibilities of using the methods displayed in this experiment for modern day space
travel. In the future, these results could be the basis of constructing many orbital stations that serve the function of
concentrating light for and onto other spacecraft in order to supply cost-free and essentially infinite fuel. Future
projects involving this idea could result in working scale models of what these stations would look like, which would
function according to the data collected in this experiment.

D12 Energy? In Space?
Earth & Space Science
Aprameya Pandit
North Attleboro High School

The problem that my project ”Energy? In Space?” addressed was that solar panels which are a renewable energy
alternative to fossil fuels receive a lot less energy from the sun due to factors like the atmosphere and weather
conditions like clouds. Currently the atmosphere naturally filters around 50% of incoming sunlight so we can
survive, but by placing solar panels in space we can absorb 2x as much energy. My experimentation itself was to
simulate the contrast between earth and space. I hypothesized that if you decrease the amount of light hitting the
solar panel by 10 percent decrements then the solar panel will generate 10% less energy per every 10 percent,
because if the light isn't hitting that area of the panel then the light is not being converted into energy. My materials
were a Miniature solar panel, a Voltmeter, a Light source and masking tape or some material that light cannot
penetrate through and my procedure was 1.Connect voltmeter to solar panel 2.place source of light about 15 cm
away from solar panel 3.turn on light 4.record energy reading on voltmeter 5.cover 10% of solar panel with masking
tape or some material that light cannot penetrate through 6. record energy reading on voltmeter 7.repeat steps 4 and 5
covering 10% more each time until solar panel is completely covered 8.remove tape 9.repeat steps 2-6 for second
trial to ensure results were accurate. The results of my experiment showed that per 10% the voltage went up by about
.48 v and if I were to improve this experiment I would most likely have a larger solar panel. With the data of the
results we can see 50% coverage and 100% coverage, 50% coverage is representative of solar panels on earth so in
the experiment at 50% coverage around 2.3 volts and at 0% around 4.7 volts nearly a 100% increase.
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D17 Impact of Observation Direction on Measuring the Universe's Expansion
Earth & Space Science
Kimberly Castaneda
Abbott Lawrence Academy

My question when approaching my research project was how the rate of expansion of the universe changes with
the direction of observation. In order to complete my experiment I used the Sloan Digital Sky Survey (SDSS) to
record my data that consisted of the different galaxies in the universe. I then used the data obtained from SDSS to
calculate the velocity of each galaxy to group them into two series, depending on their velocities they either fell
under series 1 and 2. I then graphed the series as shown in Figures 1 and 2 where I observed that there were no major
differences in the velocities of the two series. In order to more clearly see this I used Figure 3 to show how there is
overlap in the range of both series which justifies that the direction of observation does not change the rate of the
expansion of the universe.

H8 Assessing the Authenticity of Planets Discovered Around Sun-Like Stars
Earth & Space Science
Garima Prabhakar
Mass. Academy of Math & Science

The field of exoplanet detection is one of the fastest growing fields in astrophysics. However, many measures
must be taken to ensure that the exoplanets that astronomers detect are not artifacts of noise in the measurements.
The goal of this study is to engineer an autonomous and more accurate planet detection pipeline that does not rely on
other data besides raw measurements from the telescope. The planet detection pipeline constructed by analyzing
multiple stellar activity indicators and a Keplerian analysis of detected signals. 30 stars were randomly selected from
the HiRES/Keck dataset to test the pipeline in relation with two previously constructed designs, as well as a control
model. The two previously developed planet detection pipelines were an Artificial Neural Network, and a pipeline
based on orbital parameter relations. The planet detection outperformed the models and had on average a lower false
positive rate; it had a 99% accuracy whereas previously constructed models had up to 97% accuracy, and the control
model had a 96% accuracy. This model may be used as a precursor to an in-depth analysis to test for the presence of
an exoplanet in radial velocity data. The model is currently being developed to work in conjunction with previously
developed models with a higher accuracy to increase the accuracy of previously constructed models. An autonomous
model like this may not only aid researchers in assessing the presence of possible exoplanet candidates, but also
present a tool to survey currently detected exoplanets for inherent biases in the exoplanetary detection field.
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K16 Robot Propulsion in an Asteroid’s Microgravity Environment
Earth & Space Science
Parth Chaudhry
Algonquin Regional H.S.

Wheeled robots won’t work in an asteroid’s microgravity environment (1/100th to 1/100,000th of Earth) due to
lack of friction. The goal of this project was to build a robot that moves using cold gas propulsion. Another goal was
to use Helium balloons to simulate microgravity, then test the propulsion system in microgravity.
A robot using cold gas propulsion was successfully built and tested using commonly available materials: a 16g CO2
tank (853 psi, $1.50/each), a converging-diverging nozzle and an Arduino controller. A model was built which
predicted the following system characteristics: mass flow rate = 0.012 Kg/s, Exhaust velocity = 556.8 m/s and a
thrust = 6.5N. During testing, the robot generated an actual thrust = 5.6N, impulse duration = 0.5s. The main sources
of error were: CO2 tank quality and lack of measuring devices with millisecond and micrometer accuracy.
Helium balloons were used to simulate microgravity with g = 1.25 m/s2 (1/8th that of g = 9.8 m/s2). The large size
(diameter 28”+) and lightness of the balloons made them prone to air disturbance creating unintended thrust vectors.
Robot propulsion was tested in micro- and regular- gravity. In regular gravity, the robot performed in line with the
model. However, in microgravity the robot deviated significantly from the model, due to its high speed (> 3m/s),
causing the Helium balloons to generate air drag (>3N). To reduce the robot speed, the coefficient of friction was
increased. This reduced drag and the robot per the model, i.e. the distance traveled was higher in microgravity.
The results show that cold gas propulsion is viable for robot propulsion in microgravity. Helium balloons are suited
for generating microgravity, but are not suited for use with high speed propulsion due to air drag.

K20 Turns out, The Earth is Round
Earth & Space Science
Dylan Palmer
St. John Paul ll High School

In the last couple of years, a growing number of people have begun to think that the earth is somehow “Flat”.
They call themselves “Flat-Earthers' '. This concept of course, is able to be proven over and over again to be false, as
the Earth has been considered round for hundreds of years. Though, we all just believe that. No specific scientific
experiments have been done to prove the earth's round using this day and age technology. Therefore the purpose of
this project is to use technology given to us in this day and age, to prove for ourselves that the Earth is in fact, round.
To do this we are using three different techniques. Data collected from a plane, data collected from the ground using
horizon line experiments, and finally data collected via weather balloon that was sent to 104,250 ft.
The first method of experiments we performed were done using a piper. The starting point was at Plymouth
Municipal Airport, where we took off from runway 24. After takeoff, we headed toward the canal and its bridges.
The theory we are proving in this experiment is that if the earth was flat, you would be able to see for as far as your
eyes can take in light, with no obstruction. Our experiment was to pick a prominent and obvious landmark, such as a
bridge, and fly away to the farthest distance your eyes could see from that altitude which was about 33 miles. We
would then turn around and determine if the landmark was visible upon getting closer whilst remaining at the same
altitude. After performing this, we also flew a long route in order to test the great circle route. A great circle is a disk
that intersects two points you are travelling from, and the center of the earth. A Great Circle route is the smallest
distance between the two points.
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