CELEBRATING
20 YEARS OF
W H E N I WA L K E D I N TO D R . B R O C K
Kirwan’s office, a 3D printer was whirring away, printing a full-size version of the brain for a collaborator who had
visited BYU’s MRI Research Facility, where students and faculty
have conducted brain imaging since 2013. Usually, the 3D printer is
busy making mini versions of the brain, which are gifts to thank individuals who participate in MRI scans.
Kirwan, a psychology professor and faculty member of the
Neuroscience Center, says that some of the most exciting research
being done right now is coming from new technologies and
new ways of imaging the brain. While the
Neuroscience Center has always
focused on state-of-the-art research,
new technologies over the past
20 years have changed the
way students study
the brain.
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The BYU Neuroscience Center was the brainchild of psychology and
zoology professors who wanted to create an interdisciplinary neuroscience program that would prepare students for graduate school
ANNELISE TOOLSON
by harnessing the strengths of diverse faculty members from across
campus. In 1999, the Neuroscience Center was created, comprising a
multidisciplinary group of 36 undergraduate students and 10 faculty
members, with Dr. Edwin Lephart, a physiology and developmental
biology professor, as chair.
In the past 20 years, the BYU Neuroscience Center has grown to
become one of the largest undergraduate neuroscience programs in
PARKED CARS, IMPROVING LIVES,
the nation, with 603 students in the major. The center also includes
AND THE BRAIN AS A SUPERCOMPUTER
28 faculty members from multiple departments, including physiology
and developmental biology, mechanical engineering, psychology,
biology, communication disorders, and family life.
Kirwan’s interest in neuroscience began in an unlikely place:
Before the development of the Neuroscience Center, different
a philosophy class. While taking a class for his undergraduate
disciplines were studying the brain. Now, as Dr. Mona Hopkins, direcdegree, one of Kirwan’s professors posed a perplexing question:
tor of the Neuroscience Center, explains, “these sub-disciplines are
“If neuroscience can describe everything about the brain and
brought together so we can communicate and try to see the big
predict your behavior, what would that mean for free will?”
picture of how the brain works by integrating information from all of
As Kirwan explains, “I got hung up by that question. Can neuroour areas of research.”
scientists actually describe the entire state of your brain? The
The collaborative nature of the neuroscience program not only
answer is no, we can’t. . . . With our current methods, there is no
sets it apart from other majors but also makes it appealing to students
way we would be able to do that just because the numbers are
such as Annelise Toolson, a senior majoring in neuroscience. She
literally astronomical. You have as many neurons in your head as
has appreciated the variety of classes she has taken in the major,
there are stars in the Milky Way galaxy.”
including chemistry, biology, physics, and psychology. Toolson adds
So what do we understand about the human brain, and
that everything about the brain “slowly
how does neuroscience help us learn more? The brain is often
becomes more connected as you take
compared to a supercomputer, but as Hopkins explains, “Our
more classes.”
brain is much more complicated than a supercomputer. . . . Even
Toolson has also been inspired
[compared to] really big, expensive supercomputers, our brain
by the constantly evolving nature of
can do more.”
neuroscience. “There’s a lot that is
Toolson goes on to explain that “neuroscience is understandstill unknown about the brain,” she
ing why people do things, but it’s different from psychology in that
explains. “I was really excited that I’d
it’s very cellular. [It’s about understanding] at a biological level
be learning things that have just been
what is specifically happening with your neurons and synapses
discovered in the last ten years.”
while you are behaving in a specific way.”
Developments
in
the
While there is much that remains to be discovered in neuroscience,
Neuroscience Center haven’t come
there are many fascinating new facets of the human brain that the
just through new research but
Neuroscience Center has studied in the past 20 years. Neuroplasticity,
through building diversity. The center
or the brain’s ability to change, has been
has been successful in increasing the
a research focus of the center. Hopkins
“These sub-disciplines are
enrollment of female students, with
explains that our thoughts and actions can
brought together so we can
the percentage growing from around
change our brain in both positive and nega11 percent in 1999 to 36 percent in
tive directions. As an example, she says that
communicate and try to see the
2019. The center has also been hold“when you travel and you are exposed to
big picture of how the brain works
ing outreach programs and pardifferent cultures, food, music, and literature,
by integrating information from
ticipating in Brain Awareness Day,
you can take those in and they become a
when BYU students visit elementary,
part of you, and it changes who you are.”
all of our areas of research.”
junior high, and high school stuHopkins adds that our brains, like plastic,
—DR . MONA HOPKINS
dents, educating them about neurocan be shaped and changed as we learn
science, in an effort to recruit more
new things and grow as individuals.
women and minority students.

KNOWLEDGE TRANSCENDING COURTESY OF ARTIST

THE BYU NEUROSCIENCE CENTER: FROM BRAINCHILD
TO GROWING INTERDISCIPLINARY PROGRAM

Research on the brain has also
evolved. As Kirwan explains, neuroscience began by focusing on where things
are happening in the brain, but now it’s
discovering how those things are happening. For example, Kirwan and Toolson
are studying pattern separation, which is
how the brain encodes two similar memories and distinguishes the one from the
other. For example, when you park in the
same parking lot each day, your brain separates out where you parked today versus
yesterday.
Kirwan headed a study conducted by
Toolson and PhD student Nathan Muncy
that focused on duration and memory.
They showed participants an image for a
certain length of time, and after showing
participants different images, they showed
them the first image again for a different
length of time than before. They then
asked participants whether the image
shown was of the same, shorter, or longer length than the initial one. Amazingly,
Toolson and Muncy found that people can
distinguish memories when one is just a
half second longer or shorter than the
other.
Similarly, Kirwan studies interference,
which is when memories are so similar
that the brain confuses them, like when
you are taking similar classes and it’s
hard to remember what information came
from which lecture. Kirwan explains that
as you get older, interference becomes a
bigger problem. He says, “We are hoping
that we can find some ways to help older
people overcome interference, whether
it’s through exercise or cognitive training
or other mental training skills.” One study
Kirwan is conducting evaluates if older
individuals’ memory can be improved by
learning a foreign language.
Hopkins is also conducting pioneering
research in the field of neuroscience with
studies on the outcomes of ICU patients
after they return home from the hospital. The adverse impact of a stay in the
ICU includes lasting cognitive and physical impairments for patients and mental
health challenges for both patients and
their caretakers. Hopkins explains, “The
impact for the patient and families is huge,
and it has been largely unrecognized, so
they were suffering in silence.” Hopkins
and her team are working to alleviate
these effects through developing peer
support groups, post-ICU clinics, and
interventions to help prevent and treat
these issues.

THE AR T OF NEUROSCIE NCE
The Neuroscience Center holds an annual art contest, which began in 2018 after Dr. Rebekka
Matheson of the Psychology Department had the idea to add student artwork to the center’s
new office. The office walls are now covered with several pieces of art, including last year’s
third-place winner, Michelle Duersch,
a neuroscience master’s student. Her
piece, Knowledge Transcending, encapsulates what knowledge means to her
and what she has appreciated about
BYU’s neuroscience program.
Q : WHAT INSPIRED YOU TO GET A
MASTER’S IN NEUROSCIENCE?
A : When my fifth child was a few

months old, I sought inspiration on
what I should do next in my life. The
thought came very powerfully to me
that I ought to get a master’s degree. As
I researched fields of study, I was clearly
led to neuroscience, an area central to
many of my life-long interests: learning,
memory, music, language, motivation, and physiology. Once I saw how connected I had been
to the field my whole life, the choice seemed like a no-brainer.
Q : WHAT HAVE YOU LOVED MOST ABOUT THE NEUROSCIENCE PROGRAM? WHY?
A : BYU’s neuroscience program is incredibly expansive and helps each student grasp how

interdisciplinary the field currently is and continues to become.

Q : WHAT DO YOU FIND MOST FASCINATING ABOUT THE BRAIN?
A : One of the most fascinating facets of the human brain is its ability to adapt based on

exposure and experience, a process called neuroplasticity. This means we truly have the
ability within us to expand our minds with exposure to enriched environments, creative
thinking, and intellectual challenges.
Q: WHAT WAS THE INSPIRATION BEHIND YOUR PIECE, KNOWLEDGE TRANSCENDING?
A : I was inspired to create Knowledge Transcending based on a scripture in the New

Testament, Matthew 6:20–22. Specifically, I wanted to target individuals who feel like they
are not learning or progressing in this life. Our whole lives are about progression, and if we
believe that knowledge acquisition and progress is only made in a school or high-powered
job setting, we are sadly mistaken.
Q : WHAT DOES YOUR ARTWORK REPRESENT?
A : In the mind of the woman in the painting, we see many possibilities for growth in

mortality which represent diverse fields of interest: physical, intellectual, spiritual, and
emotional. All these skills, lessons, and refiner’s fires build her, mold her, and prepare her
for what is yet to come.

Q : WHAT DOES KNOWLEDGE TRANSCENDING MEAN TO YOU?
A : Knowledge Transcending is my interpretation of another one of my favorite scriptures,

Doctrine and Covenants 130:18–19: “Whatever principle of intelligence we attain unto in this
life, it will rise with us in the resurrection.” Life can be challenging, beautiful, depressing,
unexpected, and miraculous. Along our mortal journey, we can learn from our experiences
as we actively pursue additional education and growth.
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One reason for the Neuroscience Center’s exponential growth in the
last 20 years is its dedication to helping students find jobs, internships,
and research opportunities. Internships have become a new focus,
especially as the major is growing. Hopkins explains, “We have really
started pushing internships with our students . . . to broaden their point
of view about what they can do with their degree.”
Kirwan has also seen the benefit of internship opportunities
and reports, “We do a great job of placing people in top programs—
three-quarters of our majors are going on to medical or dental school,
. . . going to grad schools and research programs.” In addition to medicine, recent graduates have started careers in education, business,
engineering, and more.
Creating research opportuni“I think studying the brain ties for students is a priority, and
tells us a lot about who we neuroscience faculty members
over 150 students with their
are and what our unique mentor
research in their labs each year.
abilities are, both as These research opportunities also
humans and as children of lead to jobs and enhance students’
our Heavenly Father.” classroom experience.
Toolson has conducted
—DR . BROCK KIRWAN
research with Kirwan for over
three years and has supplemented her academic learning with hands-on experience. Working
in the memory and decision-making lab, Toolson says, “We do a lot of
fMRI research, and it’s been really cool to learn how an MRI machine
actually works at a basic level and how to analyze that data.”
Hopkins finds this mentored research especially beneficial because
students from various disciplines are collaborating with other neuroscience students on research, and their different backgrounds and
training help them learn a great deal from each other.
Students can also participate in the Neuroscience Club, which
currently has over 100 members. Enoch Councill, the student club
president, says that the organization “gives students opportunities
to understand what the major is about and what you can do after
graduation.”
One of the main activities held by the club is Food for Thought,
where a group of 15 students are invited to a catered dinner with a
professor or another professional working in neuroscience. Councill
says that Food for Thought is “a good networking opportunity; you
can listen to really intelligent people talk about their research and ask
them questions.”
Perhaps one of the greatest impacts that the Neuroscience Center
can have on students is a better understanding of each person’s potential, both temporal and spiritual. As Kirwan says, “I think studying the
brain tells us a lot about who we are and what our unique abilities
are, both as humans and as children of our Heavenly Father. There is
a reason that the brain looks the way it does and operates the way it
does, and that allows us to do some pretty amazing stuff. . . . I think that
people are amazing, specifically because they have amazing brains.”

FUN FAC T S ABOUT
THE BR AIN
“Dolphins actually sleep with one hemisphere of the brain asleep at a time. For a
dolphin who is underwater, they must be constantly
swimming, and so they’ll have REM sleep with half their
brain while their other half is still awake.”
—ANNELISE TOOLSON
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“If you are told to move your arm from point
A to point B, there is an unlimited number
of [ways] to do so, but everyone will do it
the same way. Your brain automatically
minimizes both effort and error in any of
the movements you make, which is why
your bodily movements are fluid.”
—ENOCH COUNCILL

“You don’t grow new neurons after you are born, except in two
places: One is in the olfactory bulb, where your sense of smell
is, and the other one is in your hippocampus, which is the
part of your brain involved in learning and memory.
Current thinking is that as you learn about new things
throughout your lifetime, you need new cells to represent those new memories, so that’s why you
grow new neurons in these two places. As to
the other bit about smell, your olfactory sensory neurons actually poke down into your nasal
cavity, so when you breathe in, your sense of smell
is from the interaction of molecules in the air with
those neurons themselves. The neurons are exposed
directly to the air, so they get exposed to toxins and things
like that. [Because of this], they die off pretty quickly, so you
grow new neurons to replace the ones that die.”
—DR . BROCK KIRWAN
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