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Researchers here at the University of Tennessee, Knoxville, 
are answering big questions dealing with the climate, our 
nation’s economy, and where our families live and play.

When the White House stressed the need for advanced 
technologies to revitalize manufacturing in the United 
States, UT and our partners at Oak Ridge National 
Laboratory answered the call. 

UT is leading the Institute for Advanced Composites 
Manufacturing Innovation (IACMI), made possible by a 
$259 million grant from the Department of Energy. IACMI 
focuses on the development of new composite materials 
and manufacturing capabilities to eliminate waste, save 
energy, and create more American jobs starting right here 
in East Tennessee. 

The 3-D-printed Shelby Cobra gracing these pages has 
become the face of IACMI and foreshadows some of the 
amazing possibilities on the horizon. The partnership 
between UT, ORNL, and the other institutions involved 
in IACMI exemplifies the power of multiple organizations 
coming together to pursue solutions. 

The same can be said of Nan Gaylord, associate professor 
of nursing, and Knox County Schools, who partnered 
to improve access to health care in local elementary 
schools. As a result of a vision and some innovative new 
technology—also developed through partnerships—more 
children are now getting the care they need. 

UT-ORNL Governor’s Chair Philip Enquist and his team 
at Skidmore, Owings & Merrill are reinventing the urban 
landscape and showing how thoughtful design can create 
healthy and sustainable cities. 

Creating change for the better, both locally and globally, 
one project at a time, the stories of our researchers and 
their groundbreaking work live on the pages of Quest. 

Taylor Eighmy 
Vice Chancellor for Research and Engagement

MARGARET 
LAZARUS 
DEAN
Leaving Orbit: 
Notes from 
the Last Days 
of American 
Spaceflight (2015)

Winner of the 
Graywolf Press 
Nonfiction Prize, this 
breathtaking elegy to 
the waning days of 
human space flight 
takes the measure 
of what American 
space flight has 
achieved. Dean talks 
to NASA workers, 
astronauts, and 
space fans to gather 
possible answers to 
the question What 
does it mean that a 
spacefaring nation 
won’t be going to 
space anymore? 

MARK  
DEKAY 
co-author
Sun, Wind,  
and Light: 
Architectural 
Design  
Strategies (2014)

The fully updated 
third edition covers 
principles of 
designing buildings 
that use the sun for 
heating, wind for 
cooling, and daylight 
for natural lighting. 
Using hundreds of 
illustrations, this 
book offers practical 
strategies that give 
designers the tools 
they need to make 
energy-efficient 
buildings.

GEORGE 
KUNEY 
co-author
Judgment 
Enforcement in 
Tennessee (2013) 

This concise treatise 
covers collection 
law in Tennessee. 
Written in accessible 
language, it draws 
upon all relevant 
authorities, 
including case law 
and the Tennessee 
Code Annotated. It 
provides step-by-
step explanations 
of each stage of the 
collection process.

CHRISTINE 
SHEPARDSON 
Controlling 
Contested Places: 
Late Antique 
Antioch and the 
Spatial Politics 
of Religious 
Controversy (2015) 

Paying close attention 
to the manipulation 
of physical places, 
Shepardson exposes 
some of the powerful 
forces that structured 
the development of 
religious orthodoxy 
and orthopraxy in the 
late Roman Empire.

KENNETH  
WISE  
Hiking Trails of 
the Great Smoky 
Mountains (2014)

This essential guide 
to one of America’s 
most breathtaking 
and rugged  
national parks  
gives outdoor 
enthusiasts 
everything they need 
to know as they 
explore this world-
renowned wilderness. 
Included are facts on 
more than 125 official 
trails recognized by  
the National  
Park Service.
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Lindsey Bier, a graduate student in the College of 
Communication and Information, hadn’t even been born 
when the Vietnam War was raging. Yet she has developed 
a keen interest in what US soldiers experienced—while 
they were in Vietnam, when they returned, and now that 
they are being commended for their service. Her research 
centers on interviews with more than a dozen Vietnam 
veterans. “From the start, the reaction I had from veterans 
was overwhelming,” Bier said. Once word spread, veterans 
began calling her, volunteering to share their stories. She 
added that the emotional nature of the stories made some 
interviews difficult. “They have a lot of survivor’s guilt and 
carry a lot of weight for the way they were treated after 
the war. One man said, ‘When people ask me when I came 
home from Vietnam, I tell them I come home every night.’” 
Bier continues to collect stories and ultimately hopes to 
publish her findings in an academic journal.

The decision to move a loved one 
into a long-term care facility is often 
difficult. Trying to find an affordable 
option can make it even more stressful. 
Matthew Harris, an assistant professor 
of economics, analyzed the costs of the 
three primary senior living categories—
assisted living, independent living, and 
memory care—to develop the National 
Senior Living Price Index. By looking 
at monthly fees at more than 10,000 
senior living communities, Harris found 
that average monthly costs can range 
from a low of $2,362 for independent 
assisted living in the Midwest to a high 
of $4,345 for memory care facilities in 
the South. Although prices are driven 
by supply and demand, the next 
phase of his research will explore what 
individuals and families value most, 
such as safety and security, amenities, 
or the quality of medical care.

As effects of climate change occur, 
species and ecosystems are adjusting 
in response. A recent paper poses a 
fundamental challenge to conservation 
organizations: How do you conserve 
something that won’t stay still? Paul 
Armsworth, an associate professor 
of ecology and evolutionary biology, 
suggests that organizations, like 
the organisms they seek to protect, 
need to adapt. “If you are focused on 
conserving a particular species in a 
particular place, either you need to 
change your business model or revisit 
your conservation priorities,” he warns. 
With many species moving outside 
their historical ranges, organizations 
must continually modify their 
strategies before they become totally 
ineffective. Armsworth is lead  
author of the article, which was 
published in Frontiers in Ecology  
and the Environment.

A golf-ball-sized chunk of rock 
containing more than 30,000 very 
tiny diamonds is shining some light 
on the origins of these precious gems. 
Professor of Earth and Planetary 
Sciences Larry Taylor and a team of 
researchers from the Russian Academy 
of Sciences are studying the sparkly 
rock using x-rays and electron beams 
to identify the chemicals trapped 
inside. The data is being used to create 
two- and three-dimensional images 
revealing a relationship between 
minerals. The images show abnormal 
carbon isotopes for this type of rock, 
indicating it was originally formed as 
part of the Earth’s crust, withdrawn 
by tectonic shifts, and transformed 
into the unique sample found in 
northern Siberia. “These are all new 
and exciting results, demonstrating 
evidences for the birth mechanism of 
diamonds in this rock and diamonds in 
general,” Taylor said. The findings were 
published in a special issue of Russian 
Geology and Geophysics.

Robotics and artificial intelligence are longstanding 
interests for Lynne Parker. As a UT faculty member, she has 
served as associate head of the Department of Electrical 
Engineering and Computer Science and played a key role in 
developing the Center for Intelligent Systems and Machine 
Learning. But now Parker is embarking on a new challenge 
as division director of information and intelligent systems 
in the Computer and Information Science and Engineering 
Directorate at the National Science Foundation. “It’s a 
chance to not only set the pace, but also to look ahead at 
what the next developments might be—both internally, such 
as with funding, and externally, such as with outreach and 
policy,” she explained. For Parker, who will shuttle between 
Knoxville and Washington, DC, once a week to continue 
her research at UT, the immediate goal will be to focus the 
division’s efforts. 
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One of the unique things 
about Andrew Jackson’s 
handwriting is that his  
lowercase a’s often look  
like o’s. “When he gets to the top, 
he doesn’t go down before he goes 
on to the next letter,” said Daniel Feller, 
professor of history at UT.

Since he took over as editor and  
director of the Papers of Andrew 
Jackson project in 2003, Feller and his 
team have analyzed and transcribed 
thousands of letters, notes, and drafts 
handwritten by the seventh president  
of the United States.

“It helps to be steeped in this,”  
explained Feller, who can easily 
identify not only Jackson’s distinctive 
penmanship but also that of his  
cabinet members and secretaries.

Not long ago, Feller and his associate 
editors, Laura-Eve Moss and Thomas 
Coens, came across a letter from a 
collection in North Carolina. It began 
with “Dear Sir.” It had no signature and 
no date. “We looked at it and knew 
exactly what it was,” Feller said.

The mystery missive was the third draft 
of a letter that Secretary of the Navy 
John Branch wrote responding to 
Jackson’s order for him to socialize with 
Secretary of War John Eaton and his 
wife, Margaret.

This was the moment when the 
infamous “Eaton affair” came to a head. 
In the small social circle of Washington, 
DC, the Eatons had been ostracized by 
the wives of several cabinet members, 
and—in a plotline worthy of House 
of Cards—Jackson blamed his vice 
president, John C. Calhoun, for it.

“Many believed that Margaret Eaton was 
a loose woman,” Feller said. “Jackson 
insisted she was not.” The situation had 
simmered for months and threatened to 
tear the cabinet asunder. In no uncertain 
words, Jackson wrote that snubbing the 
Eatons was “an attack upon me,” and 
ordered Branch to stop.

Feller studied four versions of Branch’s 
reply, and found that each one is milder 

than its predecessor. “The first basically said ‘Don’t tell me what to do.’ The last 
said ‘I don’t think I’ve done anything wrong, but I’m happy to meet socially with 
my colleagues.’” The newly discovered intermediate draft was more tempered 
than the first but more heated than the last.

 
 
 

EVOLUTION OF THOUGHTS 
Since 1971, the Papers of Andrew Jackson project has been dedicated to 
transcribing and publishing Old Hickory’s entire literary record. A worldwide 
search has gathered photocopies of every known and available Jackson 
document, including letters he wrote and received, official and military papers, 
drafts, memoranda, legal papers, and financial records—more than a hundred 
thousand pages in all.

So far the University of Tennessee Press has published nine volumes of The 
Papers of Andrew Jackson. Volume 9 is 987 pages and covers 1831. Feller and his 
colleagues are currently assembling Volume 10, which will cover 1832. About 500 
hard copies will be printed, and a searchable digital version will be available to 
scholars around the world.

“Some of the more interesting revelations come from the drafts and what is 
crossed out. Among the mountains of drafts are cross-outs of entire pages,” 
Feller said. “You learn from these who Jackson is getting ideas from, and  
you see what stays in and what gets cut out.”

THE PAPERS  
OF

Delving deep into Old Hickory’s drafts, letters,  
and notes reveals the complexities of his  

fiery personality and populist policies.
BY BROOKS CLARK

“Some of the more interesting revelations come from  
the drafts and what is crossed out. Among the  

mountains of drafts are cross-outs of entire pages.”  
—Daniel Feller

An undated third draft of John 
Branch’s letter to Jackson on the 

Eaton affair, later found to have 
been written on January 27, 1830. 
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THE PAPERS OF ANDREW JACKSON

letters late at night, “writing over and 
over again, rehashing his paranoid 
fantasies that Monroe had conspired 
with Calhoun against him, describing 
Calhoun as ‘cunning, and as deceitful 
as Satan’ and ‘the great political 
magician who works in darkness.’”

After Jackson privately accused 
Calhoun of trying to destroy him back 
in 1818, Feller said, Calhoun wrote a 
fifty-two-page explanation basically 
saying “I supported you publicly and 
that’s what mattered.”

But Jackson continued to nurture 
his rages and was set to make his 
accusations public until a former 
senator, who had witnessed the 
Monroe administration discussions, 
confirmed that Calhoun had not 
stabbed his general in the back.

“Jackson had the ability to operate 
on several levels at the same time,” 
Feller said. “He was an extremely 
shrewd political operator, probably 
the shrewdest political operator of his 
day. On one level he could be setting 
political traps for Calhoun, on another 
he could be performing for the public, 
and on another level he was an astute, 
sophisticated policy maker.”

As the collection continues to be 
analyzed, even more insights will 
be gained about this multifaceted 
American president with a personality 
as unique as his handwriting.

To view samples of Jackson’s papers, visit 
thepapersofandrewjackson.utk.edu.

Jackson using strong words to describe his vice president, 
John C. Calhoun, as “cunning, and as deceitful as Satan.”

Feller cited the example of a personal 
memorandum book Jackson used to 
jot down notes, reminders, and policy 
ideas. Sometime in 1830, Jackson 
added some thoughts he received 
from Alexander Hamilton’s son James, 
a federal district attorney, about the 
Second Bank of the United States. 
The younger Hamilton asserted that 
the bank was unconstitutional and 
dangerous, having been granted a 
monopoly and exclusive privileges in 
exchange for doing the government’s 
financial business.

“Jackson copied what Hamilton gave 
him,” Feller said, “and he rewrote it 
again over several years, developing 
and honing a straight-line argument 
that it was dangerous for private 
interest and governmental authority to 
become so intertwined that they could 
not be separated from each other.”

On July 10, 1832, Jackson vetoed the 
bill to renew the charter of the Second 
Bank of the United States. Historians 
attributed this to various political and 
personal motives, but Feller believes 
Jackson’s notes in the memorandum 
book show there was nothing hasty  
or ill-considered about it. “It was very, 
very well considered, premised upon 
deep considerations of public policy,” 
Feller said.

Jackson’s populist words could easily 
fit into today’s post-downturn too-
big-to-fail debates about Wall Street 
bailouts. In his veto, Jackson wrote, 

“It is to be regretted that the rich and 
powerful too often bend the acts of 
government to their selfish purposes.” 
When government adds advantages 
to the advantages that already exist, 
“the humble members of society—the 
farmers, mechanics, and laborers—have 
a right to complain of the injustice of 
their Government.” 
 

POLITICAL 
FRICTION 
The Eaton affair is generally viewed 
as the catalyst that caused Jackson 
to supplant vice president Calhoun 
with Secretary of State Martin Van 
Buren. “In fact, we see in Jackson’s 
notes months before he blamed him 
for the Eaton affair that Jackson 
was realizing Calhoun’s views were 
disturbingly different from his own 
on key policy issues like political 
appointments, the distribution of the 
surplus revenue, and nullification,” 
Feller said.

Documents also show that Jackson 
was convinced that Calhoun, then 
secretary of war, had advised 
President Monroe in 1818 to discipline 
Jackson, who was general of the US 
Army in the South, for disobeying 
orders and attacking the Spanish in 
Florida. However, Monroe ultimately 
decided to back Jackson and use the 
leverage of his victory to persuade 
the Spanish to cede Florida to the US.

Feller sees Jackson in the early 
1830s composing long, passionate 

“He was an extremely shrewd 
political operator, probably the 
shrewdest political operator  
of his day. On one level he 

could be setting political traps 
for Calhoun, on another he  

could be performing for 
the public, and on another 

level he was an astute, 
sophisticated policy maker.” 

—Daniel Feller

A page from Jackson’s memorandum 
book calling the Bank of the United States 

“unconstitutional” and “dangerous to liberty.”
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EXECUTIVE DECISION
EXECUTIVE  
 DECISION

The future of automotive manufacturing has  
found a new home in the South.

BY DAVID GODDARD

It’s not every day that 
the leader of the free 
world visits a composites 
feedstock production 
facility in East Tennessee. 
So when he does, you can rest  
assured he’s there for something  
pretty important.

On January 9, President Barack Obama 
and Vice President Joe Biden traveled 
to Techmer PM in Clinton, Tennessee, 
to witness a shining example of recent 
advancements in manufacturing 
technology—a 3-D-printed car based 
on the famous Shelby Cobra design.

This Cobra was born of a joint effort 
involving scientists and engineers from 
Oak Ridge National Laboratory (ORNL) 
and students and faculty from UT. It 

took just six weeks to go from drawing 
board to driveway, highlighting the 
extensive technical expertise of the 
production team.

There’s no denying the Cobra is a 
showstopper. But the president turned 
even more heads when he announced 
that the University of Tennessee 
would be leading the country’s latest 
manufacturing innovation hub.

Headquartered in Knoxville, the 
Institute for Advanced Composites 
Manufacturing Innovation (IACMI) is 
a mix of universities, labs, research 
centers, and government entities 
tasked with making advances in 
composite materials used in the 
automotive and energy industries.

“Winning this opportunity was a team 
effort made possible by the leadership 

at ORNL—especially Martin Keller 
and Craig Blue. We look forward to 
furthering our strategic partnerships 
with ORNL in this space,” said Taylor 
Eighmy, UT vice chancellor for research 
and engagement.

In addition to serving as IACMI’s lead 
institution, UT also will be conducting 
research on composite materials  
with ORNL.

“This project will accelerate the 
development of an advanced 
manufacturing system in East 
Tennessee, particularly around 

automotive manufacturing and 
materials development,” Eighmy said.

Spurred by increased interest in low-
cost carbon fiber, IACMI will focus 
on new composite materials and 
manufacturing technologies. “We will 
also be creating hybrid material—
containing both composites and 
metals—in manufactured products,” 
Eighmy added.

While IACMI’s $259 million in total 
funding will support research of specific 
interest to its more than 120 members, 
the entire region stands to benefit 
from access to the institute’s resources. 
With more than 10,000 jobs in the 
greater Knoxville area already tied to 
the automotive industry, advanced 
manufacturing improvements will have 
an immediate impact on the economy. 

WHAT IS ADVANCED 
MANUFACTURING? 
Advanced manufacturing is the 
application of cutting-edge materials 
and emerging capabilities such as 
carbon-fiber-reinforced composites 
and the large-scale 3-D-printing 
technology used to produce the 
Shelby Cobra.

UT’s research role in IACMI will include 
the development of fiber-reinforced 
polymer composites—plastics with 
carbon or glass fibers inside to 
enhance overall performance, including 
improved strength and stiffness.

The ultimate goal is lighter and 
stronger products that are cost-
effective to produce and maintain.

With a great deal of materials expertise 
on hand, UT is well equipped for the 
challenge. Advanced manufacturing 
pioneer Suresh Babu and carbon fiber 
authority Dayakar Penumadu are just 
two of the top scientists dedicated to 
the mission.

“Carbon fiber is particularly challenging 
at present because it is too expensive for 
the automotive market,” Eighmy said. 
“That’s one major area where the ORNL-
UT team could really have an impact.”

Eighmy explained that cutting the cost of 
carbon fiber in half would exponentially 
increase the use of composites in 
automotive manufacturing. Giving 

traditional automakers access to the 
technology will result in lighter, more  
fuel-efficient cars that are stronger  
and cost less to build. 
 

THE GREEN FACTOR 
Environmental concerns are also a 
driving force behind IACMI. Advanced 
manufacturing techniques being refined 
by UT will allow parts to be built to 
exact specifications using a minimal 
amount of material. This additive 
process eliminates waste and reduces 
the energy needed for modifications 
and recycling leftover scraps.

For example, the auto industry currently 
stamps, frames, cuts, and molds parts 
into a final shape—all methods that 
generate plenty of scrap material. While 
some remnants can be recycled, the 
process is usually energy-intensive.

“You’re not only saving resources, 
but you’re saving a lot of energy,” 
Eighmy said. “It’s so much more than 
just a win-win. It addresses our future 
in manufacturing and our need for 
sustainable production.”

Re-establishing America’s global 
dominance in the manufacturing sector 
and reducing energy consumption  
are both lofty objectives that IACMI 
aims to achieve. The president is 
counting on it.

Techmer PM CEO John 
Manuck, Managing Director of 
Techmer Engineered Solutions 

Tom Drye, President Barack 
Obama, ORNL Manufacturing 

Systems Research Group  
Leader Lonnie Love, and Vice  

President Joe Biden admire the 
3-D-printed Shelby Cobra. 

In addition to serving as 
IACMI’s lead institution, 

UT also will be conducting 
research on composite 
materials with ORNL.

“You’re not only saving 
resources, but you’re saving 

a lot of energy.”  
—Taylor Eighmy

The ultimate goal is lighter  
and stronger products that  
are cost-effective to produce  

and maintain.
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WATER IS A VERY PRECIOUS 
RESOURCE AND PERHAPS THE 
MOST BASIC HUMAN NEED. 
Yet because of population growth, urbanization, and 
climate change, it has become extremely scarce in 
many places around the world.

In Baguio City, Philippines, water flows from the tap 
only a few hours a day. Household managers—usually 
women—are responsible for monitoring the supply 
and rationing it carefully. They use recycled household 
water, also called greywater, in toilets and for cleaning 
and gardening. Clean water storage drums or tanks 
stand outside every house, but when they run dry, 
some residents must carry buckets down the steep 
hillside to public springs then haul the heavy, sloshing 
load back home.

Lisa Reyes Mason, an assistant professor in the 
College of Social Work, was standing on a balcony 
with her aunt in Baguio City when she saw women 
and children lugging buckets to an urban spring. 
She recalls a similar experience as a Peace Corps 
volunteer in rural Guinea. Baguio City, however,  
has a population of 300,000.

“I was surprised to see the same kind of water 
hardship and water carrying going on in this very 
urban and densely populated city,” Mason said.

Baguio City was designed in the early 1900s as a 
mountain resort for 25,000 people. Now its population 
is twelve times that size and the city’s water system 
struggles to keep up with demand. 

Limited access to clean water spurs 
social change in the Philippines.
BY CINDY MOFFETT

A Baguio City resident grabs a quick drink from a local water pump.

“My interest was in learning how people 
cope and adapt, because we know that 
worldwide, water is a growing problem,” 
Mason said. “People have different 
physical, financial, and social assets; how 
do those matter? What are the inequities, 
what causes those inequities, and how 
can we better distribute or provide more 
opportunities to get water?”

To answer these questions, Mason 
gathered information in one Baguio  
City neighborhood during a six-month 
dry season.

She learned that the Baguio Water 
District (BWD) public supply is directly 
available to about 50 percent of the 
neighborhood, far less than the 80 
percent often suggested by BWD or 
heard around town. Even that supply 
is rationed; at best, it’s available three 
times a week for four hours a day.

Therefore, everyone stores water, but 
income affects how much. Wealthy 
people may have a tank that holds 500 
gallons, enough to keep a family of four 
going for five days. Poor families may 
have just two small drums that hold fifty  
gallons each, enough for only one day. 
For these people, as well as for the half 
that has no water connection to start 
with, “Where will I get water?” is a 
chronic concern.

One alternative is to purchase water 
from private tanker trucks, but delivery 
times are uncertain and the buyer must 
be present to pay in cash. Water can 
also be borrowed or purchased from 
neighbors, but the rate is sometimes 
four times higher than what the BWD 
charges. During the rainy season 
80 percent of households harvest 
rainwater, reducing some water bills 
from 10 percent of the total family 
income to zero. The dry season,  
though, may mean constant trips  
to the public springs. “You see this real 
disparity between who has water and 
who doesn’t,” Mason said. 
 

Once her initial study was complete, 
she recommended program and policy 
interventions to make water more 
easily available for all.

One idea, increased conservation, 
was already under way because the 

government had begun protecting a 
nearby previously logged watershed.

Second, she suggested improving 
relations between BWD and its 
customers, who complain about faulty 
meters and being charged for water 
that does not arrive. Could BWD notify 
its customers of supply interruptions, 
perhaps via text?

Third, Mason pointed out the need for 
more evenly distributed water storage. 
What social or economic programs 
could make it possible for every family 
to have enough storage capacity to last 
several days? Could local authorities 
provide rainwater collection for the 
community as a whole? 

Fourth, could local activism, such as 
lobbying for extended infrastructure, 
actually make a difference? 

Programs and policies do not change 
overnight, but BWD is working to 
improve its customer relations, and 
its infrastructure continues to expand 
to new areas. Furthermore, building 
on Mason’s work, the University of 
the Philippines has received a grant 
from the International Institute for 
Environment and Development to study 
water issues throughout Baguio City.

“ WHERE WILL I  
GET WATER?”  
IS A CHRONIC  
CONCERN.

Wealthier residents often store water in 500-gallon silver tanks on the roof.Many families pump water from protected springs into 
buckets and carry it back to their homes. 
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Because of 
population 
growth, 
urbanization, 
and climate 
change, water 
has become 
extremely 
scarce in many 
places around 
the world.

CLIMATE CHANGE 
AND POPULATION 
GROWTH ARE ALSO 
AFFECTING WATER 
AVAILABILITY IN THE 
UNITED STATES. 
Many California cities are facing another 
year of drought, with reservoirs at half 
their usual levels. Mason hopes that 
coping strategies from developing 
countries, such as the rainwater collection 
in Baguio City, may help inform programs 
and policies here at home.

In 2013, Mason was introduced to 
some new UT faculty members with 
similar interests: Kelsey Ellis, assistant 
professor of geography, and Jon 
Hathaway, assistant professor of civil 
and environmental engineering. Ellis’s 
climatology specialty and Hathaway’s 
focus on ecosystems and hydrology 
meshed well with Mason’s study of 
climate issues and adaptation.

“We started meeting at a coffee shop to 
see where this might take us,” she said. 

Since decades of warnings about 
climate change have failed to 
significantly change people’s  
actions, the trio decided to take  
a local approach.

Funded by UT’s Institute for a Secure 
and Sustainable Environment, Mason, 
Ellis, and Hathaway began a study of 
microenvironments in four economically 
diverse Knoxville neighborhoods. Two 
sensors in each neighborhood measure 
air temperature, wind speed, and soil 
moisture. The team uses the data to 
analyze climate effects such as the urban 
heat islands that occur where pavement 
and buildings replace green space.  
Mason and her students also interview 
residents, learning how the environment 
affects them.

In the next phase, sensors will integrate air 
quality and other parameters into the  
data, and the social workers will tackle 
how to make the resulting information 
useful to the residents. 

“The idea is to create usable science,” 
Mason said. “We’re also in good 
communication with the city, the 
sustainability office, and neighborhood 
offices. We want to include them as 
participants in the research and find out 
how this data could be useful in informing 
sustainability-related programs or policies 
in the city,” she added.

“How do we make sure that climate 
adaptation policies and programs are 
inclusive, that they’re accounting for 
the needs of lots of different groups 
of people, that they’re participatory?” 
Mason asked. As the group tackles these 
questions, long-needed changes may 
finally start to fall into place.

AND WATER FOR ALL

Originally designed as a mountain resort for 
25,000 residents, Baguio City has grown to 

a population of more than 300,000.
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“We know the women in our program 
can change the world, and every 
story is a tribute to what they have 
accomplished,” Huffman said.

The center wants to continue telling 
stories like Bernardo’s, giving faces  
to the successes coming out of the 
GSMP. It also continues to create 
opportunities to connect UT students  
to a growing worldwide network of 
people and programs.

“We want everyone to experience 
what we’ve experienced, especially our 
students. The stories of these women  
are universal—hope in the face of 
adversity, inspiration in the midst of 
chaos,” Huffman said. 

The center is also expanding its reach 
into new areas. Hillyer and Huffman 
are applying for an additional grant to 
be part of the State Department’s new 
cooperative agreement, which will add 
a Sport for Community initiative in 2016 
to their current outreach for women and 
girls. This new initiative will leverage the 
power of prominent events like the Rio 
2016 Olympic and Paralympic Games 
to draw attention to the importance of 
sports for men, women, and children 
with disabilities.

Hillyer and Huffman are excited about 
the possibility of applying the center’s 
4-E Model of Empowerment—Expose, 
Equip, Engage, and Entrust—to a mixed-
gender sports mentoring program. 
Having twice as many ambassadors for 
social change all over the world could 
lead to a whole new ball game.

athletes while promoting sports and 
fitness opportunities nationwide. But 
when Typhoon Haiyan struck the 
Philippines in 2013, the plan changed.

Huffman went to visit Bernardo six 
months after the typhoon. “There are 
no words to explain what we saw. There 
were miles and miles of rubble. It was the 
one of the deadliest typhoons in human 
history,” she said. 

Bernardo was already helping rebuild 
communities using sport as a tool for 
psychosocial healing and recovery. 
Rising from the rubble were basketball 
hoops made from cocoa lumber.

Basketball is hugely popular in the 
Philippines, and Bernardo worked with 
other local leaders to use the sport to 
bring people together, giving them 
a reason and space to laugh again 
and reinforcing the importance of 
teamwork as they faced the massive 
challenge of rebuilding. Bernardo 
garnered support from Sony to build 
new basketball courts—118 of them, 
to represent the storm’s November 
8 date—and restore a sense of 
community, health, and belonging  
to the post-disaster Philippines. 

problem-solve with other women and 
mentors as well as our team at UT,” 
Huffman explained.

During their first week in DC, the women 
discuss challenges they face in their 
communities, visit the State Department, 
hear from leaders at espnW, receive 
executive coaching, and learn about 
strategies to shape their action plans. 
Next the women spend three weeks with 
their mentors, who are female senior 
executives of major sports industry 
companies. Representatives from the 
center conduct interviews with each pair 
to obtain data for the program.

After the women return home, the CSPS 
provides tools to measure the progress 
of their action plans and conducts 
regular follow-up surveys. These surveys 
illustrate the breadth of the program’s 
work and how an investment in one 
person can lead to the empowerment 
of many. So far, 83 percent of the 
women have implemented their action 
plans in their home countries, reaching 
thousands with the message of sport-
based social change.

Geraldine Bernardo, program graduate 
and former national dragon boat team 
captain from the Philippines, praised the 
efforts of Hillyer and Huffman. “They 
implement programs that go way beyond 
the one-off approaches that most 
programs fall prey to. Even years after, 
they continue to connect and involve us, 
ensuring that the ‘sisters’ will always have 
a web of support and opportunities for 
long-term engagement.”

Bernardo returned to the Philippines 
with an action plan to improve the 
economic plight of national team 

IN UGANDA, a woman is using 
soccer to inform thousands of young 
people about HIV/AIDS education 
and prevention strategies. Meanwhile, 
another woman in Pakistan is working 
to educate parents and increase societal 
acceptance of girls playing sports. What 
do these extraordinary women have 
in common? They are both graduates 
of a unique international mentorship 
program designed to improve lives 
through sports.

Since 2012, a total of fifty women from 
thirty-nine countries have completed 
the Global Sports Mentoring Program 
(GSMP). One of the major reasons for 
the success of this US State Department 
initiative is the expertise of its sole 
implementing partner—UT’s Center for 
Sport, Peace, and Society (CSPS).

The center, founded by Sarah Hillyer and 
Ashleigh Huffman, uses sport to promote 
cultural understanding, enhance student 
learning, improve community welfare, and 
foster social change.

“We are trying hard to inspire people 
and to tell the story that everybody—
no matter their age, ethnicity, religion, 
gender, or ability—can do something 
that makes their community a little bit 
better,” Huffman explained.

To find the best candidates for the GSMP, 
the State Department asks embassies to 
nominate two women with passion and 
ambition who would benefit from training, 
resources, and stronger networks. 

The center reviews the applicants and 
invites the seventeen most promising 
matches to Washington, DC, for a 
month-long workshop. There they work 
on improving their management and 
business skills and create a sports-based 
action plan to address issues facing girls 
and women in their community.

Hillyer and Huffman, both clinical 
assistant professors specializing in 
sociocultural studies of sport, are integral 
to developing the curriculum, programs, 
and guides used by the GSMP. “The 
activities are designed so women can 
create something culturally relevant 
and have the opportunity to collectively 

GAME CHANGERS

“WE KNOW THE WOMEN IN 
OUR PROGRAM CAN CHANGE 

THE WORLD, AND EVERY 
STORY IS A TRIBUTE TO WHAT 
THEY HAVE ACCOMPLISHED.” 

—Ashleigh Huffman

Filipina girls participate in one of Bernardo’s  
basketball camps.

GAME     CHANGERS
Harnessing the power 
of sports to change 
lives off the field.
BY CAROL ANDES 

PHOTOGRAPHY COURTESY CSPS Geraldine Bernardo in Tacloban, Philippines, after Typhoon Haiyan hit the village.
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Venturing to the Earth’s southernmost 
point to explore a hidden part of  

our biosphere.
BY WHITNEY HEINS

WHAT  
LURKS 

BENEATH

quest.utk.edu 21

Weeks of living in a tent tethered to a sheet of 
ice where the temperature never rises above 
freezing might not sound super appealing, but 
it’s something Jill Mikucki accepts as part of 
her job.
As a member of the National Science Foundation’s Whillans Ice Stream 
Subglacial Access Research Drilling (WISSARD) project team, she is one of 
roughly forty scientists investigating a complex network of lakes that lie 
beneath hundreds of meters of ice in Antarctica.

Mikucki, an assistant professor of microbiology at UT, and her team made 
science history in 2013 by punching through the West Antarctic Ice Sheet  
with a custom hot-water drill and retrieving the first evidence of microbial  
life from Subglacial Lake Whillans.

Interestingly, the lake is only about two meters deep but spreads out for 
twenty square miles. Trapped beneath a glacier, its water hasn’t come into 
contact with the atmosphere for possibly thousands of years—making it  
one of the most isolated bodies of water on the planet.
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composition of the Southern Ocean—
or even the entire planet.

As Antarctica’s ice shelf melts, “these 
microbes could be releasing nutrients 
into the ocean, affecting base-level 
chemistry—which affects larger 
organisms like fish and all the way up 
the food chain,” Mikucki explained.

To investigate further, the team 
recently fired up their drill in another 
area, known as the Grounding Zone, 
where the liquid waters of Subglacial 
Lake Whillans are thought to drain into 
the Ross Sea.

The data collected here mostly focused 
on the mechanics of the ice sheet, how 
it interacts with sediment and ocean 
waters, and the potential effects on 
sea-level rise, all part of an integrated 
collaborative project. Mikucki, along 
with graduate student Alicia Purcell, 
studied how organisms from Subglacial 
Lake Whillans may differ from those in 
the Grounding Zone. 

“We hope the data will give us a 
better picture of how the subglacial 
environments are connected, as well  
as under-ice-shelf productivity. This will 
allow us to predict first responders to  
a warming climate,” Mikucki said.

These complicated analyses will  
take years to complete. And even 
then, the researchers say, their work 
may never truly be finished due to the 
constantly changing conditions. It’s  
just another part of the job for the 
scientifically curious.

 
EXTREME LIVING 
The data revealed a thriving 
ecosystem—about 130,000 cells per 
milliliter of lake water. The researchers 
used DNA-sensitive dye to determine 
whether the cells were present, and 
then examined their metabolic activity 
using radiotracers to determine if they 
were alive. DNA sequencing uncovered 
close to 4,000 different species—all 
single-celled bacteria and archaea.

“I wasn’t surprised to find life under 
the ice sheet, but I was surprised to 
find so much of it,” Mikucki said. She 
believes these organisms have been 
growing and changing to overcome 
challenges like living without sunlight 
for thousands of years.

Mikucki and her lab group employed 
genetic analysis to expose the 
organisms’ ability to generate 
energy by oxidizing sulphur found 
in the sediment. Collaborators also 
discovered evidence of iron and 
ammonium oxidation activities, likely 
left over from a time before the area 
was covered with glaciers.

The findings provide clues to life’s 
ability to persist in cold and dark 
isolation for extended periods of time. 
“I hope our findings motivate new 
research on the role of these extreme 
microorganisms in the function of our 
planet and other icy worlds in our solar 
system,” Mikucki said. 
 
IT’S ALL CONNECTED 
Because Subglacial Lake Whillans is 
linked to a major network of reservoirs, 
the researchers believe similar 
microbes may be thriving elsewhere. 
By altering minerals in sediments and 
supplying nutrients to ocean waters, 
these tiny organisms may be playing 
a role in the chemical and biological 

these microbes are taken out of their 
environment, their activity begins to 
change,” explained Mikucki. “One of 
the big unknowns is what the microbes 
are doing and how their activities 
might be affecting other ecosystems.” 

CLEAN DRILLING 
Scientists had tried but failed to 
obtain samples from subglacial 
lakes in the past. It took six years 
of planning to overcome fears 
that samples—and the lake—could 
be contaminated through the 
introduction of invasive organisms.

To prevent tainting the 
environment, a special drill fitted 
with filtration and germicidal 
systems was designed to  
recover pristine samples for 
microbial analysis. The numerous 
customized scientific samplers and 
instruments were also carefully 
cleansed before being lowered  
into the borehole.

It took days of around-the-clock 
drilling to gather about thirty 
liters of lake water and sediment 
core samples, enough to shed 
some light on what life under the 
ice looks like.

The samples were then preserved 
chemically or frozen and taken 
back to labs at UT and other 
partner institutions. Some, however, 
were analyzed in the field—another  
scientific first.

“Getting this real-time data was 
so important because once 

“I wasn’t 
surprised to 

find life under 
the ice sheet, 

but I was 
surprised  
to find so  

much of it.”  
—Jill Mikucki

WHAT LURKS BENEATH

Mikucki retrieves a sample of subglacial water for analysis. Samples revealed a thriving ecosystem—about 4,000 
different species of single-celled bacteria and archaea. 

The data revealed a 
thriving ecosystem—about 
130,000 cells per milliliter 

of lake water.

Field analysis of samples secured real-time data. 

“Getting this real-time 
data was so important 

because once these 
microbes are taken out of 
their environment, their 

activity begins to change.” 
—Jill Mikucki

ALICIA PURCELL JILL MIKUCKI

JI
LL

 M
IK

U
C

K
I

IR
IN

A
 A

LE
K

H
IN

A



quest.utk.eduSPRING/SUMMER 201524 25

final step is—
quite literally— 
a flash. The 
team sinters the 
ink to the paper 
using three 
flashes of light 

for just the right amount of heat. 

To test the durability of the printed 
circuit, the paper is then rolled 5,000 
times. “We rolled it until the paper was 
almost broken. The nanowire circuit 
had better mechanical properties than 
the paper fiber,” Hu said.

With patents in the works, Hu is 
reaching out to other UT researchers to 
experiment with different applications 
and substrates. “We’re working on 
printing on fabric or plastic,” Hu said. 
“While it’s good for many applications, 
paper won’t always work if the sensor 
gets wet.”

One of the early collaborators is Jayne 
Wu, associate professor of computer 
science and electrical engineering, who 
is developing a portable biosensor for 
virus detection.

“We think we can reduce her cost from 
a couple of dollars to a few cents per 
sensor,” Hu said.

Hu has also experimented with 
routing an antenna for communication 
applications, which could allow sensors 
to communicate with other devices. 
Once perfected, affordable proactive 
care sensors will be detecting minor 
health problems before they become 
major ones.

TECHNOLOGY IS 
CONSTANTLY CHANGING 
THE WAY WE APPROACH 
EVERYDAY HEALTH. Patients and 
health care professionals now rely on 
portable diagnostic tests to measure 
blood glucose levels, monitor heart 
rates, and predict epileptic seizures. 
New wearable electronics even let 
doctors observe a patient’s condition 
from a distance.

Ideally, these devices lower health care 
costs by providing convenient at-home 
care to people who might otherwise 
have to visit a clinic or hospital multiple 
times for diagnosis, treatment, and 
checkups. But the manufacturing 
costs of these emerging small-scale 
tools must be overcome to make them 
widely available, especially in areas with 
limited access to health care services.

That’s why Anming Hu, assistant 
professor of mechanical, aerospace, 
and biomedical engineering, set out 
to create a way to produce electronic 
circuitry using an inexpensive, 
abundant material: paper.

“We were thinking about what the 
public needs. If something can be 
cheaper and not depend on delicate 
or complicated devices, that’s what we 
need,” Hu said. “Fabrication should be 
easy, cheap, and not involve many steps.”

Relying on his background in 
nanomanufacturing, Hu designed a 
simple process to create a flexible 
sensor by applying conductive ink that 
carries electricity along the printed 
circuit design to regular paper. The 
results were published in the journal 
ACS Applied Materials and Interfaces in 
November 2014.

“I really think this printing technique 
has a bright future,” Hu said. “We’re 
ready to work with industry partners to 
find new commercial applications.” 

One potential application could benefit 
diabetics who rely on daily finger 
pricks to test their blood sugar levels. 
With a paper circuit enclosed in a 
liquid-proof barrier, patients could one 

day have a sensor implanted under 
their skin that would not only detect 
when their levels were out of kilter but 
also signal to release insulin.

“Being able to have an enclosed 
waterproof system with its own power 
source would open up a lot of areas 
medically,” Hu said. “Right now, the 
focus is on being able to make the lines 
that form the circuit smaller.”

The process features “ink” made 
with silver nanowire, a bendable 
conductive material sometimes used 
for electronics in touch screens and 
liquid crystal displays. The nanowire 
is organized in tiny rods measured 
in nanometers, on par with the 
measurement scales for viruses and 
strands of DNA.

Although silver nanowire is 
commercially available, Hu and his 
team cut costs by developing their 
own ink formula that can be adjusted 
to exhibit different surface properties, 
such as a high resistance to water, 
depending on the application.

Researchers invent a quick and 
inexpensive process for printing 

flexible electronic circuitry.
BY KATIE ELYCE JONES

PHOTOGRAPHY BY SHAWN POYNTER

“We tried over thirty different kinds 
of paper, and by simply adjusting 
the viscosity or adhesiveness, the ink 
was able to handle different material 
surfaces,” Hu said.

The researchers also built their own 
programmed printing platform that 
uses a syringe infused with the silver 
nanowire ink to “write” a circuit design 
on the paper surface. To guide the 
syringe, an open source electronics 
control system called Arduino was 
implemented. The circuits were 
designed using CAD software.

“We use the syringe needle to deliver 
material to the surface while the 
substrate (paper) holds on to the 2-D 
platform,” Hu said. “We can design any 
kind of circuit structure, so the ink can 
write as many figures as we want.”

In an effort to make the manufacturing 
process both low-cost and rapid, the 

PAPER CHASE

“WE CAN DESIGN ANY KIND 
OF CIRCUIT STRUCTURE, SO 

THE INK CAN WRITE AS MANY 
FIGURES AS WE WANT.” 

 —Anming Hu

HU DESIGNED A SIMPLE 
PROCESS TO CREATE A 
FLEXIBLE SENSOR BY 
APPLYING CONDUCTIVE 
INK THAT CARRIES 
ELECTRICITY ALONG THE 
PRINTED CIRCUIT DESIGN 
TO REGULAR PAPER.

Left to right: Silver nanowire ink is fed from a syringe needle to create the printed circuit; Hu and 
graduate student Ruozhou Li review a new circuit design; a series of flashes sinters the ink to paper.

Different paper types and coatings were tested with circuits of varying 
complexity. The prototype designs pictured here are actual size, but 

smaller ones will be possible as the technology is refined.
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A telehealth stethoscope uses the 
same wireless Bluetooth data transfer 

technology found in cell phones.

It started with an innocent 
sneeze in homeroom. By second 
period, the normally energetic seventh-
grader was feeling a bit feverish. Now, 
as she shuffles into the lunchroom, her 
body is aching, her eyes are watering, 
and her head is pounding. Sounds like 
someone might have the flu.

Situations like this often result in calls 
to parents who must leave work early 
to pick up their sick child, then spend 
countless hours in a crowded doctor’s 
office waiting room. But what if the 
school nurse could provide a  
diagnosis instead?

It may sound like concierge medicine 
in the Hamptons, but it’s actually 
made possible by a new health care 
technology system implemented at 
Knoxville’s Vine School Health Center 

(VSHC). Nan Gaylord, associate 
professor of nursing at UT, is the driving 
force behind this unique concept. 

“The project began because we 
saw a lot of kids in the area who we 
were trying to serve, but just couldn’t 
because they were unable to come 
to us,” Gaylord said. It was clear that 
an alternative method was needed to 
deliver vital medical services to the 
community, so she researched ways 
to connect with other schools and 
discovered a solution.

Gaylord partnered with Lisa Wagoner, 
director of health services for the 
Knox County School District, to write 
a proposal to the US Department of 
Health and Human Services. 

In 2011 they were awarded a grant 
to purchase a telehealth system that 
allows VSHC staff to virtually examine 
patients at eleven other Knox County 
schools over a secure network.

“Many of the parents at our schools do 
not have transportation or are in jobs 
that make it very difficult for them to 
take off work and afford the services. 
We’re attempting to serve those kids 
who don’t have easy access to health 
care,” Gaylord said. 

That is why the priority is to link to  
Title I schools where a majority of 
students are from low-income families.

 
“We’re attempting to serve 
those kids who don’t have 

easy access to health care.”  
—Nan Gaylord 

Jennifer Hoskins, school nurse at Pond Gap 
Elementary, uses the system’s camera-equipped 

otoscope to inspect a student’s ear canal.

EXAMINATION 
STATION
New video technology provides improved 
access to health care for schoolchildren.
BY AMANDA WOMAC
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“I’ve been able to see kids 
get health care that is 

desperately needed, such as 
getting an ear checked out 

before it becomes a full-
blown infection. Early access 

to health care is huge, and 
this system helps me do my 

job better.”  
—Jennifer Hoskins

HOW IT WORKS 
The telehealth system works like 
a video conference call, but with 
medical equipment. One examination 
room at VSHC serves as the hub. 
It contains a video camera, a large 
monitor, a laptop computer, and 
networking infrastructure that 
connects to similar setups at the 
other schools.

   An appointment is 
initiated when a school 
nurse calls VSHC to 
request a session with  
a medical professional.

   Once the secure 
connection is made, 
video streams from 
each location appear on 
the monitors, and each 
person logs in to the 
telehealth software  
via laptop.

   Strep throat, ear 
infections, skin rashes, 
and breathing issues can 
all be diagnosed via the 
telehealth system. For 
example, if a student is 
complaining of a sore 
throat, a school nurse  
can connect to VSHC  
and show the child’s 
throat using a lighted 
instrument with a small 
camera on the end.

   Once the VSHC medical 
professional has provided 
a diagnosis, the school 
nurse can contact the 
parents and let them 
know what’s going on 
without them having to 
leave work or make an 
appointment after school. 
The system also helps cut 
down on the number of 
emergency room visits.

A heart monitor connected 
wirelessly to the 
stethoscope provides a 
visual representation of the 
heartbeat on the screen.

EXAMINATION STATION

GETTING RESULTS 
Only seven schools were connected and 
152 children served during the first year 
of the program. The number of students 
almost doubled during the second year, 
and even more are expected to take 
advantage of this beneficial technology 
in the coming years.

Additional funding through the 
College of Nursing for intraprofessional 
education and practice now enables 
eleven Knox County schools to use 
the telehealth system. According 

At the VSHC hub,  
Nan Gaylord virtually inspects 
health data transmitted from  

the remote school location. 

The school nurse uses the Bluetooth 
stethoscope that allows her and the VSHC 
medical professional to hear a patient’s 
heart and lung functions.
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to Gaylord, the VSHC has incredible 
community support but is constantly 
seeking additional public and  
private funding.

“I’ll talk all day about telehealth, I love 
it so much,” said Jennifer Hoskins, the 
nurse at Pond Gap Elementary School. 
“I’ve been able to see kids get health 
care that is desperately needed, such 
as getting an ear checked out before 
it becomes a full-blown infection. Early 
access to health care is huge, and this 
system helps me do my job better.” 

For now, Gaylord is focused on 
increasing capacity and teaching 
medical professionals across several 
disciplines how to use the telehealth 
system. So the next time your child ends 
up getting sick at a school, they just 
might experience an innovative medical 
solution like the one Gaylord and her 
team brought to Knoxville.

SPRING/SUMMER 201528
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When he considers that animal play 
research seems to receive more 
acceptance than contention from 
scientists these days, Burghardt 
predicts that studies “are only going to 
increase” for a growing list of species. 
So don’t be surprised when videos of 
romping reptiles start flooding your 
Facebook feed.

TESTING THE LIMITS

research is posted on the website of 
the International Association for Bear 
Research and Management.

He recalled one activity the cubs 
particularly enjoyed was “to find my 
wife’s purse and dump it open, then 
play with all the objects.” They also 
exhibited a love of water. If someone 
was taking a shower, the cubs “would 
immediately show interest, come over 
to the person . . . and before long be 
romping under the water spray.”

Since the cubs preferred to play and 
relax in dark places, they learned how 
to climb inside the dryer, the kitchen 
cabinets, and the clothes hamper. 
But they would also run and hide in 
dark places if they were frightened. 
“They were just amazing in terms of 
intelligence and their activity and their 
playfulness in general,” Burghardt said.

Burghardt is currently collaborating 
with the Wildlife Research Institute and 
the North American Bear Center on 
additional bear play research. Cameras 
have been set up in bear dens, visible 
at bear.org, that live-stream bears and 
sometimes even catch cubs playing.  
“A lot of the bear play research is about 
the time after the bears come out of 
their dens, so this is very early in life,” 
Burghardt explained.

BURGHARDT’S  
FIVE CRITERIA  
FOR PLAY
1.   Play is not fully functional in 

the context of its expression 
(like a kitten attacking a toy 
mouse that is not edible).

2.  Play is spontaneous, 
pleasurable, rewarding,  
or voluntary.

3.  Play is different from other 
more serious behaviors in  
form or timing (like play 
fighting in puppies).

4.  Play is repeated, but not in the 
exact same way every time.

5.  Play is initiated when animals 
are well fed, healthy, and free 
from stress.

Don’t try this at home! Forty-five years ago, Gordon Burghardt cared for a pair of orphaned bear cubs and studied their behavior, piquing his interest in the field of animal play research.

In fact, he argues that by studying play 
in other animals, humans can gain a 
better understanding of themselves. In 
the opening chapter of The Handbook 
of the Study of Play, Burghardt writes, 
“Certainly how a honeybee, octopus, 
or fish experiences play is going to be 
alien to us. But that does not mean the 
behavior should be dismissed as either 
not play or play unaccompanied by 
subjective states of the type we can 
empathize with.”

Burghardt’s interest in animal 
play stems from an unusual set of 
circumstances in 1970 involving two 
black bear cubs found in the Great 
Smoky Mountains National Park. Their 
mother was believed to be dead and 
they were too young to survive on their 
own. “I didn’t know much about bears,” 
Burghardt admitted, “but I knew about 
research, and the park needed more 
research on bears.”

Instead of studying bears in the wild 
as he had planned, Burghardt and 
his former wife cared for the cubs 
in their home for seven weeks and 
documented their findings.

Since then, regulations and facilities for 
bears inside and outside the national 
park have changed drastically, so an 
in-home study would not be allowed 
today. However, the Burghardts’ 

Creating a clear definition leads to new 
discoveries in animal play.

BY ANGIE VICARS

TESTING 
THE 

LIMITS
2005, the goal was to “come up with 
criteria for identifying play where you 
didn’t know it already existed.”

“We’re now able to find that play isn’t 
something restricted to mammals or  
a few birds but can be found 
throughout the animal kingdom,” 
Burghardt explained.

Some of his other studies involved 
cichlid fish that like to play with 
thermometers in their aquariums, 
monitor lizards that shake shoes and 
retrieve soda cans, and Vietnamese 
mossy frog tadpoles that repeatedly 
ride bubbles to the top of their tank, 
just to name a few.

Other researchers in the field have 
used Burghardt’s expertise as a 
foundation for their own investigations 
of cranes, crocodiles, and even wasps.

When he first began studying animal 
behavior as an undergraduate in 
the 1960s, Burghardt said, “we liked 
to think that play was something 
for higher animals and a sign of 
intelligence. Now we know that’s 
probably not the case.”

Ever since camera-equipped 
smartphones hit the market, 
the Internet has been inundated 

with ridiculously cute videos of playful 
puppies and cantankerous cats 
engaged in all sorts of physical activity. 
Running and jumping, sliding and 
swatting—our pets entertain us as  
they amuse themselves.

What you may not realize, however, 
is that many other members of the 
animal kingdom like to play as well. 
As it turns out, some spiders, lizards, 
crocodiles, turtles, and fish also like  
to frolic. Although their interactions 
may not be as adorable or  
entertaining to the masses, the  
science behind them is significant.

Animal play research has literally  
grown by leaps and bounds over  
the past ten years, and much of this  
is due to the work of Gordon 
Burghardt. His research at UT  
spans the disciplines of psychology, 
ecology, and biology, and he has 
identified play by several species  
with reputations to the contrary. 

For instance, Burghardt once 
collaborated on a study that found 
some immature female comb-footed 
spiders engage in playful sexual 
behavior with males. The spiders’ 
pretend courtships and mock 
copulation can aid male survival 
and lead to greater egg production, 
according to the researchers.

Burghardt wrote about animal play 
for two decades before he ultimately 
crafted the definition that many have 
adopted as the gold standard. When 
his book The Genesis of Animal Play: 
Testing the Limits was published in 

“We’re now able to 
find that play isn’t 

something restricted 
to mammals or a 

few birds, but can 
be found throughout 

the animal 
kingdom.”  

—Gordon Burghardt
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CENTURY 
OF CITIES

Innovative architects of the future will deal with 
more than just combinations of steel and glass.
BY AMANDA WOMAC

In his landmark 1984 book Biophilia, 
acclaimed biologist Edward O. Wilson 
defined the term biophilia as “the urge 
humans have to affiliate with other 
forms of life.” Since then, individuals 
from a variety of disciplines have 
applied this concept of being one with 
nature to everyday living.

According to Wilson’s hypothesis, 
humans have an evolutionary need for 
designs that connect us with nature. 
Think about your own preferences. 
Would you rather work in an office 
with a window or in a dark isolated 
cubicle? Do you enjoy having plants 
inside your home?

Incorporating the concept of biophilia 
into architectural design creates spaces 
that satisfy our inherent human affinity 
for nature. However, rapid population 
growth and urbanization make it 
difficult to maintain that connection 
while developing new infrastructures.

“What most cities have in common 
are the interrelated challenges 
of getting to carbon neutrality 
while accommodating growth, 
creating resiliency, and repairing 
ecosystems,” said Philip Enquist, 
UT-ORNL Governor’s Chair for High 
Performance Energy Practices in Urban 
Environments. “Cities must meet future 
challenges while thinking strategically 
about the environment.”

To address this issue, Enquist and  
his City Design Practice team at 
Skidmore, Owings & Merrill LLP (SOM) 
are taking the concepts of biophilia 
and sustainable growth to a whole  
new level by encouraging 
interdisciplinary collaboration at UT 
and creating the foundation for new 
graduate programs in the College of 
Architecture and Design.

“As we look to the future, our focus 
is on nine game-changing design 
principles that we believe should 
guide the growth of urban regions 
while keeping their larger ecosystems 
healthy,” Enquist said. “Improving on 
‘business as usual’ requires constant 
innovation to the design process and 
the technologies used in the projects.”SK

ID
M

O
R

E
, O

W
IN

G
S 

&
 M

E
R

R
IL

L



quest.utk.eduSPRING/SUMMER 201534 35

“Our focus is on nine game-
changing design principles 

that we believe should 
guide the growth of urban 
regions while keeping their 
larger ecosystems healthy.” 

—Philip Enquist

The seventh principle of sustainable 
design is all about water. Installing rain 
barrels on or near buildings to capture 
rainwater for landscape irrigation or 
washing dishes helps support and 
protect natural water cycles. Greywater 
systems can be installed to recycle 
wastewater from showers, baths, and 
dishwashers for on-site uses such as 
toilet flushing. Recycling water through 
filtration will be a critical need.

“We need to build smarter systems 
for conservation and reuse of water,” 
Enquist said. “Water doesn’t  
recognize our political boundaries, 
so we also need governance at the 
watershed scale for policies that can 
mitigate urban and rural causes of 
water contamination.”

WATER 

Mobility—providing efficient networks 
for movement of people, materials, and 
information—is Enquist’s fifth principle. 
Many cities with growing downtowns  
now have bike shares available for 
people who live, work, and play in the 
area but don’t want to deal with the 
hassle of driving. 

Paramount to increasing urban 
mobility is ensuring that streets are 
safe and comfortable for all types of 
users, from bikers and pedestrians 
to transit riders and car drivers. “The 
term complete streets is widely used 
for streets designed to encourage 
alternative transportation and reduce 
the number of cars on the road,” 
Enquist said. 

On a regional level, Enquist’s  
master plan for Chicago proposes 
a high-speed rail system that would 
connect Chicago to Toronto, Detroit, 
and Cleveland, creating a powerful 
corridor with potential for huge 
economic growth and reductions in 
carbon emissions.

CENTURY OF CITIES

The livability principle promotes happy 
and healthful urban living by creating 
a sense of place and local identity. 
Good design instills comfort and 
convenience, which make us happy 
without our even realizing it.

The no-waste principle focuses on 
designing cities to minimize garbage. 
Recycling waste, waste to energy, and 
compost can help cut down on the 
amount of waste sent to the landfill.

THE WHOLE NINE YARDS 
The following nine principles represent a holistic roadmap to sustainable growth driven 
by the concept of biophilia as outlined by Wilson more than thirty years ago. 

The resiliency principle refers to 
designing cities that are able to 
withstand extreme weather events  
and adjust to climate change. 
“Resiliency means preparing for 
climate uncertainty, reducing 
vulnerability to sea level rise and 
extreme weather events, and 
increasing our capacity to recover 
when disasters do strike,” Enquist said.

The final design principle is energy—
powering cities with clean, renewable 
energy while at the same time cutting 
down on consumption. “We have to 
increase energy efficiency and expand 
renewable energy production to meet 
the remaining demand,” Enquist said. 
“We need longer-term solutions that 
leverage solar, wind, and hydro power 
at the scale of the city.”

EXECUTING 
THE PLAN 
Enquist and the greater SOM 
planning and design teams will have 
the opportunity to turn these ideas 
into reality thanks to a recently 
announced project in Egypt called 
Capital Cairo, a collaborative effort 
between the Egyptian Ministry of 
Housing and Capital City Partners 
Ltd., a private fund of global investors.

In the design, a third of the 700  
square kilometers of land will be 
set aside for preserved natural 
areas, including one of the largest 
city open space systems in the 
world. The vision for the city and 
this project hinges on flexibility and 
accommodating population growth. 
According to Enquist, architecture, 
planning, urban design, and related 
industries are increasingly cognizant 
of the need for carbon neutrality  
and large-scale holistic approaches  
to sustainability.

“This is an exciting time for the 
design and engineering professions. 
There has never been a greater 
opportunity to positively influence 
the fundamental problems the world 
faces today,” Enquist said. “Mitigating 
climate change, developing resiliency, 
promoting renewable energy sources, 
increasing levels of energy efficiency, 
preserving fresh water resources, 
and enhancing human comfort and 
livability in an ever more populated 
world—these twenty-first-century 
problems require collaboration  
across disciplines.”

Even as local farmers’ markets  
flourish and green building policies 
spur eco-district developments, the 
struggle to maintain the delicate 
balance between nature and 
humanity persists. It’s a fight that 
will likely never go away, because, as 
Wilson believes, our need to bond 
with other living things is instinctive.

LIVABILITY NO WASTE RESILIENCY 

ENERGY

MOBILITY

The economy principle fosters broad-
based prosperity and growth for the 
city or region. For example, one of 
Enquist’s projects is a master plan for 
Chicago Lakeside, a former industrial 
site on the shores of Lake Michigan. 
By presenting the city with new 
opportunities for infrastructure, such 
as retail and urban living projects, 
economic growth can be stimulated.

ECONOMY

Preserving the natural world and 
enhancing the function and health 
of the natural environment form the 
basis of the ecology principle. “For 
ecological health, cities must foster 
biodiversity, expand the use of native 
species, and avoid breaking up species’ 
habitat for development,” Enquist said.

ECOLOGY

The food principle enables access 
to locally grown, fresh, healthy 
edibles. Every mile a piece of fruit 
or a vegetable has to travel reduces 
its freshness. Cities and regions that 
harvest food from their foodsheds 
can provide fresher products and 
decrease energy consumption related 
to packaging and shipping. “There 
are already many promising examples 
of regional agriculture contributing 
to our food supply, cutting down on 
transportation energy, and promoting 
soil stewardship at the same time,” 
Enquist said. 

FOOD

1 3 5 6 8
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INTELLIGENT CONVERSATION

On April 15, 2013, a pair of 
homemade bombs sent 
shrapnel flying into the crowd 

gathered on Boylston Street near the 
finish line of the Boston Marathon. In a 
matter of seconds, three people were 
killed and 264 were wounded.

Numerous photographs and videos 
taken by bystanders and security 
cameras were analyzed following the 
attack. Within hours, authorities had 
isolated images of the perpetrators 
and released them to the media.

But what if those same cameras could 
have helped prevent the tragedy?  
That is the motivation behind  
Hairong Qi’s research.

“Being able to build smart sensors 
that can not only acquire data but also 
automatically detect things and predict 
their intent is one of our goals,” said Qi, 
professor of electrical engineering and 
computer science.

Qi is an expert in the field of image 
processing—the automated analysis of 
a visual representation of a scene. She 
is also a leader in the development of 
smart camera networks.

While self-aware sensors aren’t here yet, 
Qi believes they are closer than ever to 
reality. “A smart camera network holds  
a lot of promise,” she said.

Such a network would be capable of 
gathering information from a series 
of sensors, analyzing the data for 
things such as potential threats, and 
determining the location, direction,  
and speed of the target in a crowd. 
  
COLLABORATIVE 
NETWORKS 
Since 2000, UT has been awarded  
more than $2 million in funding from the 
National Science Foundation and the 
Defense Advanced Research Projects 
Agency to advance the technology.

Initially the project revolved  
around sensors and what could  
be accomplished by using hundreds  
of them in one setting to merely  
gather intelligence. Different  
teams were assembled to study 

various challenges, such as detection 
or networking.

As the research progressed, the focus 
shifted to implementing sensors into a 
broader network, one where they not 
only communicated with each other 
but could also act according to the 
information they collected.

“The sensors need to take care of  
the data end of things while at the 
same time be able to network,”  
Qi said. “Tackling that issue plays into  
our strengths.”

That’s why Qi and her team of  
experts are developing a light-weight 
algorithm that enables collaboration 
between the sensors and, just as 
critically, between the sensors and the 
people controlling them.

Although Qi’s group doesn’t build 
the sensing hardware, their software 
development allows it to function in a 
much more intelligent way, making a 
smart sensor network possible.

“In much the same way the Internet 
connects people to people, a sensor 
net connects people to the physical 
world,” Qi said. “Our algorithm is the 
core of that process, making the large 
amount of data collected by the sensors 
actionable without adding extra burden 
to the resource-limited network.”

Even after fifteen years of work, many 
challenges remain. For one thing, current 
sensors—about the size of the palm of 
your hand—don’t yet have adequate 
resolution or processing power. After all, 
a picture isn’t worth a thousand words if 
you can’t discern the image.

“That’s the main limitation we are 
working to overcome,” Qi said. “You 
can have a sensor able to run a high-
end analysis, but the power it requires 
isn’t yet attainable at a realistic level. 

The solution is to have less powerful 
cameras running in a network so you 
can combine their abilities.” 
 
BEYOND THE PIXEL 
Qi has also been investigating the use 
of hyperspectral imaging that could 
allow sensors to detect a person hiding 
behind an object or land mines buried 
underneath the ground.

Instead of being limited to just the 
red, green, and blue spectral bands 
used in commercial digital cameras, 
hyperspectral imaging can read 
hundreds of bands by tapping into 
the infrared spectrum. Much more 
information can be gathered from 
infrared light even though human eyes 
cannot see it.

Using subpixel analysis—literally 
analyzing pixels for objects that appear 
behind them—sensors could detect 
an item beneath a tree and determine 
whether it’s friend or foe, apple cart or 
missile launcher.

This technology also has potential in 
the health care industry. “Switching 
to hyperspectral imaging could 
improve the accuracy of breast 
cancer detection and help get away 
from the invasive, non-user-friendly 
mammography we use today,” Qi said.

In 2012, her hyperspectral imaging 
research earned Qi the IEEE Geoscience 
and Remote Sensing Society award for 
highest impact paper. She was recently 
named the Gonzalez Family Endowed 
Professor at UT.

Whether used for something as 
mundane as counting the number of 
people attending an event or as serious 
as alerting soldiers to hidden threats, 
the potential applications for Qi’s 
research are immeasurable. Hopefully 
eliminating catastrophes like the 
Boston Marathon bombing will be part 
of that legacy as well.

Smart sensor networks will tell each other 
what they see and what they think.
BY DAVID GODDARD

SENSORS COULD DETECT AN 
ITEM BENEATH A TREE AND 
DETERMINE WHETHER IT’S 

FRIEND OR FOE, APPLE CART OR 
MISSILE LAUNCHER.

 “OUR ALGORITHM MAKES  
THE LARGE AMOUNT OF DATA 
COLLECTED BY THE SENSORS 

ACTIONABLE WITHOUT ADDING 
EXTRA BURDEN TO THE  

RESOURCE-LIMITED NETWORK.”  
 —Hairong Qi
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MOVING 
TARGETS

Exploring ways to help immigrants, refugees,  
and asylum seekers find justice.

BY ROBERT S. BENCHLEY

with other university students and faculty members with 
similar interests. She also received the Division on Critical 
Criminology Undergraduate Student Paper Award.

King came to her conclusions through a discourse analysis—
examining how the ICC uses language and text—which had 
never been done before.

“I found that the ICC removes victims from participation 
through processes like determining who qualifies as a  
victim, and when and how they may participate in the 
proceedings,” she says. “When victims are excluded, they  
also become disempowered.”

But King also wants her academic efforts to be more than 
just an intellectual exercise. “I have to engage with the topic 
of my research, to be involved with it,” King explains. “But 
in doing research on social injustice, it is not enough to be 
engaged, because I wish to take part in ending the injustices 
that I study. My work requires me to confront the issues that I 
study and to do all that I can to create solutions.”

You don’t have to look far to find the inspiration for King’s 
structured style of thinking. Her father and older brother both 
hold mechanical engineering degrees from UT. Her passion 
for social justice, however, is greatly influenced by her mother 
and grandmother, who both “have a keenness for vulnerable 
people and for helping others,” King says.

Travel has been a large component of King’s thirst for 
knowledge. She spent a summer in China teaching English 
and a semester abroad in Switzerland. She interned at New 
York University, where she pored through English translations 
of Al-Quaeda texts, seeking linguistic clues to help explain 
why terrorist organizations harm Western civilians.

She is also the founder and president of the UT campus 
chapter of Oxfam America, a global organization that works 
to solve poverty, hunger, and injustice.

It’s all just the beginning of what she hopes will eventually 
lead to a career in academia or policy consulting. But first, 
King will continue her studies at the graduate level, taking the 
next steps on her path to transforming the world.

Valerie King is quickly becoming one of the planet’s brightest 
thinkers in the field of “crimmigration”—a hot new area of 
study focusing on the criminalization of immigration.

“Migration is on the rise, and many governments are setting 
policies that criminalize migration, making various groups 
vulnerable to detention, imprisonment, and other types of 
harm,” King says. “Scholars around the world are trying to 
find the answers, and I hope to be one of them.”

A senior double majoring in honors sociology and global 
studies with a concentration in politics and economics, King  
is examining emerging theories of global immigration policies 
in her thesis.

“Countries are developing deterrent immigration policies, 
resulting in militarization and heightened security at their 
borders,” she says. “I am exploring the ways immigration 
control increasingly resembles crime control, and how the 
expansion of immigration detention relates to the global 
prison crisis and mass incarceration.”

King’s scholarly explorations have already garnered quite 
a bit of attention in the realm of social justice. A paper she 
wrote as a junior, “Constructing Victims in the International 
Criminal Court,” was accepted for presentation at two 
major conferences. At the American Society of Criminology 
annual meeting, she participated in a roundtable discussion, 
“International Courts, Prisons and Restorative Justice,” 

“Migration is on the rise, and  
many governments are setting 

policies that criminalize migration, 
making various groups vulnerable  
to detention, imprisonment, and 

other types of harm.” 
—Valerie King

The University of Tennessee’s planetarium offers a  
unique learning experience that stirs the imagination with 
up-close views of the cosmos. Its astronomy education 
and outreach programs promote space science and allow 
students of all ages to locate deep sky objects, view 
Jupiter through the eyes of Galileo, or even predict future 
cosmic events. Great achievements happen when we 
reach for the stars. Learn more at utk.edu.

Our ideas
     reach for the stars.



Cities of the 
future must 

be designed 
with the 

environment 
in mind.  
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