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New Jersey Governor's School in the Sciences (2022)

PROGRAM DESCRIPTION

The Governor's School in the Sciences has several objectives. The first is to broaden the
scholars' appreciation and knowledge of science through exposure to a range of scientific topics
and scientists. The subject of career exploration and choice is woven throughout the program.
The second objective is to introduce scientific research to the scholars via hands-on research
experience in a student's area of interest. Resources from New Jersey's industrial,
governmental, and academic science establishments are used.

The program at Drew consists of a number of components designed to accomplish the
objectives.

1. There is a core curriculum of six courses in astronomy, biology, biochemistry, chemistry,
neuroscience, and physics.  Offered four times a week, these courses address aspects
of these fields not normally seen in either high school or first year college.  Students are
required to select three courses from this core. Homework is assigned, although no
grades are given for the courses.

2. There are four Book Clubs, which meet two times a week.  These book clubs offer
opportunities to read a carefully selected book on a scientific topic and to have in-depth
discussions around various themes.  Each student must select one book club.

3. Three afternoons a week are set aside for work on team projects.  Students work in
small teams under faculty guidance on mini-research topics.  This year’s topics include
machine learning, cognitive illusions, quantum computing, computational chemistry, and
drug docking studies.  Each student must select one team research project.  The final
day of the school is devoted to a scientific meeting at which teams report their results to
the entire group.  Work on the research projects frequently takes place during free times
on weekdays and weekends.

4. Colloquium speakers discuss modern science from both industrial and academic
viewpoints.  This allows a glimpse into doing science and provides a discussion of
real-world considerations related to work in science.

During evenings and weekends, there will be special events such as a Career Day and a
Talent Show.

The faculty for the Governor's School in the Sciences includes science faculty from Drew and
other local colleges and high schools.

Free of exams, grades, or any form of AP or college credit, the three-week intensive period
of NJGSS is focused on learning and working together.
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COURSE SCHEDULE
Core Courses (M, T, Th, F) 9:00 AM - 10:00 AM

C1 Neurobiology Knowles/ Joo Un

C14 Data Analytics Liporace/ Naria

10:10 am – 11:10 am

C4 Molecular Orbital Theory Pearsall/ Abby

C11 Molecular Biology of Cancer Dunaway/ David

11:20 am – 12:20 pm

C8 Human Evolution Windfelder / Aline

C13 Modern Physics: Quantum Mechanics and Particle
Physics

Kaplan/ David

Book Clubs (T, Th / 1st and 2nd Week) 1:30 PM - 2:30 PM or 2:40 PM - 3:40 PM

B1 The Power of Light: Eating the Sun: Small Musings on a
Vast Universe

Larson/ Naria

B5 Under a White Sky Seanor/ Joo Un

B6 Light of the Stars: Alien Worlds and the Fate of the
Earth: Astrobiology

Rosan/ Aline

B7 The Man Who Mistook His Wife for a Hat and Other
Clinical Tales

Dolan/ Abby

Team Projects (M, W, F / 1st and 2nd Week) (M,T, W, Th / 3rd Week) 1:30 PM - 4:15 PM

T4 Olfactory Learning and Memory Cousens/ Joo Un

T9 Project in Computer Science: Machine Learning Kouh/ Naria

T16 Project in Physics: Quantum Computing Kaplan/ David

T17 Computational Biochemistry Cassano/ Aline

T18 Using Computational Drug Docking to Identify Possible
Therapeutics and Lead Compounds

Cincotta/ Abby
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COURSE DESCRIPTION
CORE COURSES

C1     NEUROBIOLOGY
INSTRUCTOR:  Roger Knowles, Drew University

In this course, students explore the biological basis for the mental processes by which we think,
perceive, learn and remember. First, students study how neurons in the brain communicate
with each other, with an emphasis placed on molecular mechanisms of synaptic transmission.
Next, students examine how sets of neurons are organized into functional anatomical regions
and how signaling among these regions give rise to discrete cognitive systems. Using tools
gained from these cellular and anatomical lessons, students then debate two major questions in
neurobiology: (1) how does the brain store memories, and (2) what happens to the brain when
Alzheimer’s disease robs patients of their memories. Throughout this course, students are
challenged to consider how ongoing and future research can further our understanding of how
the brain functions.

C4 AN INTRODUCTION TO MOLECULAR ORBITAL THEORY
INSTRUCTOR:  Mary-Ann Pearsall, Drew University

Chemistry is centered around the study of atoms and their interactions with each other to form
chemical bonds. You may have noticed that many of the principles of chemistry require you to
accept “exceptions” and things that do not quite fit. In this course, we will examine a more
sophisticated electron-wave based approach to chemical bonding which is known as molecular
orbital theory. We will use this approach to describe the bonding in a variety of systems to
obtain some clarity of understanding into the sometimes rather contradictory guiding principles
of conventional bonding theories

We will begin with a description of electron waves in atoms, and then review the conventional
bonding theories of ionic and covalent bonds. As we do, we will highlight some of the problems
with these approaches and acknowledge places where our conventional theories are no longer
sufficient, even for simple molecules such as oxygen and hydrogen sulfide. We will then apply
our understanding of electron waves in atoms to chemical bonding to develop a cohesive and
elegant understanding of bonding. Then, with stunning simplicity, we will resolve the puzzles
posed by those annoying exceptions, and unsatisfying descriptions such as resonance and
metallic bonding. In doing so, we will gain insight into the beauty of molecules and the amazing
ways that atoms can put themselves together.

A solid background in chemistry will be assumed. One year in high school will be fine. This
material does not repeat AP chemistry and is appropriate whether or not you have completed an
AP chemistry course.
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C8 HUMAN EVOLUTION
INSTRUCTOR:  Tammy Windfelder, Drew University
This course approaches human evolution from a theoretical point of view, combining both
biological and cultural processes into a cohesive bio-cultural model. It begins by tracing the
development of modern evolutionary theory and then turns to the many lines of evidence used
to explore and explain human evolution. These lines of evidence include studies of our primate
relatives, discoveries from the fossil record, patterns of modern-day genetic variation, and
archaeological evidence for the invention of material culture from the simplest stone tools to the
complex cultural world that we live in today. Modern human variation can only be explained as
the end result of evolutionary forces acting on the complex interplay of biology and culture over
millions of years. We continue to be affected by these forces, and this course not only provides
information about where we came from, it also provides the scientific background to help us
understand where we might be going as our species continues to evolve.

C11 MOLECULAR BIOLOGY OF CANCER
INSTRUCTOR:  Stephen Dunaway, Drew University

As a disease of the DNA, cancer can arise from disruption of multiple cellular pathways,
particularly those that control cell cycle progression. The course will focus on the initial
observations of the molecular basis for this group of diseases at the outset. Then we will
expand our coverage of the topic by focusing on various oncogenes and tumor suppressor
genes that play prominent roles in cancer development. We will spend time investigating how
cells monitor and protect genomic stability and the roles these pathways play in preventing
cancer. We will also investigate how cancer cells progress to a metastatic state which allows
them to freely circulate throughout the body. Finally, we will spend time discussing various
clinically relevant cancer treatments.

C13   MODERN PHYSICS: Quantum Mechanics and Particle Physics
INSTRUCTOR:  Daniel Kaplan, Montclair High School

Part I. This course will start by laying out the foundations of Quantum Mechanics, including the
discoveries that led to our understanding of quantum physics and compelling us to develop new
theories beyond classical mechanics. We will explore the basic principles of quantum Physics
and learn to use the Schrodinger equation for some simple calculations. We will compare atomic
and nuclear properties. We will then have a set of different types of interactions and properties
that could be used to describe a particle or a system of particles.

Part II. Having developed a foundation of concepts from part I, we will then use these concepts
to explore the standard model of particle physics. To gain a better appreciation of the activities
associated with the exploration of the standard model, students will explore some actual data
from CERN.



New Jersey Governor's School in the Sciences (2022)

C14 DATA ANALYTICS
INSTRUCTOR:  Diane Liporace, Drew University

Although the statistical analysis of data has existed for a long time, some say thousands of
years, modern data analytics is something altogether unique to our time and is changing the
world we live in.
This course will begin with a discussion of the 4 V’s of big data: Volume, Velocity, Variety, and
Veracity and by identifying real use cases. Then, students will install Anaconda with Python and
Jupyter Notebook, the popular software development environment used by data scientists. They
will explore the Python data science libraries NumPy for scientific computing and statistics,
Pandas for data manipulation and analysis, and Matplotlib and Seaborn for visualization.
Students will read a CSV file containing real world data from an open data repository and use
general programming concepts and techniques to perform data analysis.
All software distributions are free and downloadable via the internet.

BOOK CLUB

B1 THE POWER OF LIGHT
INSTRUCTOR:  Bjorg Larson, William and Mary College
BOOK: “Eating the Sun: Small Musings on a Vast Universe” by Ella Frances Sanders, plus
supplemental readings.

Light as a physical entity is enigmatic and pervasive. It is the major source of energy for life on
our planet, and also a powerful tool for exploring both our own world and the universe beyond. It
can be described as a particle and a wave, it carries energy and momentum, but has no mass.
We can trap small particles. We can shine it through human tissues to discover a broken bone
or cancerous tumor. We can split it into its spectrum and discover the origins of the universe.
We can enjoy the colors of a sunset or the pigments of a renaissance artist. We will use the
book “Eating the Sun: Small Musings on a Vast Universe” as a template to explore some of
these ideas and how they connect to our own experiences.

B5 UNDER A WHITE SKY
INSTRUCTOR:  Krista Seanor, Randolph High School
BOOK: “Under a White Sky” by Elizabeth Kolbert

With nearly 8 billion humans inhabiting Earth, the technology and resources we use to meet our
needs and wants are destroying our only home. We are increasingly aware that life as we know
it, and possibly the survival of humanity is at a tipping point. In this course, we will use Under a
White Sky, which tells the stories of the scientists trying to innovate our salvation by searching
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for solutions to the climate crisis. Can new technologies solve the problems old technology
caused? What are the consequences of trying to maintain biodiversity versus the cost of doing
nothing? How do we evaluate the global impacts of proposed solutions in our interconnected
world?

B6 Light of the Stars: Alien Worlds and the Fate of the Earth
INSTRUCTOR: Alan Rosan, Drew University
BOOK: “Light of the Stars” by Adam Frank

For the first time in human history, we can now objectively address, with sophisticated
experimental methodologies and scientific rigor, the momentous question, “Are We Alone?” in
the vastness of the universe. It is increasingly possible an answer to this question, which
significantly impacts our place, role and future in the cosmos, will be available during your
lifetime in the 21st century. If so, this will be the result of the steadfast efforts of many scientists
and investigators, who we will learn about, working within the emerging interdisciplinary field of
Astrobiology, which explores the origin, evolution, development, distribution and destiny of life in
the cosmos. The perspectives and findings of modern Astrobiology have the potential to
fundamentally change our understanding of the universe and of our role in it in some
extraordinary, unexpected and dramatic ways. We will use the exciting, forward-thinking new
book, “Light of the Stars: Alien Worlds and the Fate of the Earth” by astrophysicist Adam Frank
as a spring board for our investigations of the discoveries and challenges of this new field and
for discussions of the profound implications for us and our world.

B7 The Man Who Mistook His Wife for a Hat and Other Clinical Tales
INSTRUCTOR:  Patrick Dolan, Drew University
BOOK: “The Man Who Mistook His Wife for a Hat and Other Clinical Tales” by Oliver Sacks

The neurologist Oliver Sacks’ classic, The Man Who Mistook His Wife for a Hat and Other
Clinical Tales, is a collection of stories describing some of his most fascinating case studies.
Examples include Christina who comes to believe her body is not her own, Jimmie G who
develops amnesia for the past 25 years, and in the case upon which the title is based, Dr. P who
is suddenly unable to recognize even the most familiar faces. In some instances, these bizarre
behaviors are deficits directly associated with damaged or diseased areas of the brain. In other
cases though, they are a result of the non-diseased areas of the brain attempting to make sense
of, and compensating for, their impaired condition.  These stories illustrate not only the
complexity of the brain and how it gives rise to our sense of who we are, but also highlight the
responsibilities of physicians in treating patients with dignity, humanity, and helping them adjust
to their new normal.
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TEAM PROJECTS

T4 PROJECT IN PSYCHOLOGY AND NEUROSCIENCE: OLFACTORY
LEARNING AND MEMORY
INSTRUCTOR:  Graham Cousens, Drew University

The mammalian olfactory system has a remarkable ability to detect, distinguish, and remember
the perceptual profiles of a huge array of odorant mixtures encountered in daily life. Although it
is often assumed that human olfactory functions are quite limited, our sense of smell is better
than we think, and it has been estimated that we can discriminate over a trillion odors. Olfactory
processing is dependent on the flow of vaporized odorants across the olfactory epithelium, and
both orthonasal airflow (associated with sniffing) and retronasal airflow (associated with
swallowing) are highly regulated during normal odor sampling. This project will examine features
of human olfactory processing through student-designed experiments and demonstrations
involving the monitoring of intranasal air pressure during the performance of sensory and
cognitive tasks and taking advantage of an open-source brain-computer interface platform
coupled to a consumer-grade microcontroller. Some experience with computer programming
would be helpful but not necessary.

T9 PROJECT IN COMPUTER SCIENCE: MACHINE LEARNING
INSTRUCTOR:  Minjoon Kouh, Drew University

The goal of this team research project is to develop an application for helping people who are
challenged by motor diseases. We will employ machine learning and computer vision
algorithms for estimating human pose from a video stream. The outputs from these algorithms
will be integrated onto low-cost, light-weight devices, which may be used to easily track the
progression of a motor disease or to aid patients with their daily activities. We will also evaluate
the viability of the developed prototypes. Prior computer programming experience is
recommended, but not required.

T16 PROJECT IN PHYSICS: Quantum Computing
INSTRUCTOR: Daniel Kaplan, Montclair High School

Quantum computers offer the possibility to solve some previously impossible problems and lead
to some major breakthroughs. Currently quantum computers are being developed in a few
places such as IBM, Google, and MIT. This course explores quantum computing and gives
students an opportunity to learn the concepts and then develop quantum computer algorithms
which they will apply using the IBM quantum computing facility. By the end of the project,
students will be developing their own unique algorithms and presenting the results.
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T17 PROJECT IN COMPUTATIONAL BIOCHEMISTRY: ANCIENT
ALDO-KETOREDUCTASE STRUCTURE AND FUNCTION
INSTRUCTOR:  Adam Cassano, Drew University

Aldo-ketoreductases (AKRs) are a family of enzymes valued in industrial settings due to their
ability to catalyze the formation of alcohol groups from carbonyls stereospecifically. As such,
researchers are always interested in finding new members of this enzyme family. In this project,
we will be examining several AKRs from an ancient yeast strain using various computational
tools. Comparison to AKRs from modern yeast will be done through sequence alignment and
tertiary structure homology modeling. We will also examine the binding of alternative substrates
in the enzyme active sites through docking studies, with the goal of determining the enzymes
most deserving of further study in the laboratory.

T18 PROJECT IN CHEMISTRY: USING COMPUTATIONAL DRUG
DOCKING TO IDENTIFY POSSIBLE THERAPEUTICS AND LEAD
COMPOUNDS
INSTRUCTOR:  David Cincotta, High Tech High School

Molecular docking can be used to predict the ability of drug candidates to bind with disease
proteins. This structure-based approach makes computational docking calculations of the
binding confirmations and free energies of binding of small-molecule ligands to large disease
molecules thus inactivating the disease process. While we will not be designing novel drugs
this summer, we will utilize public databases of small-molecule ligands to identify potential
candidates for re-purposing against significant diseases that have not yet been cured or are
difficult to treat. Using docking computational software, scholars will predict ligand position and
orientation in binding sites and calculate binding affinities to help identify promising small
molecules for future investigation.


