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Sound Science 

M ichigan Tech researchers from the School of Forest 
Resources and Environmental Science (SFRES), the 
Department of Mechanical Engineering–Engineering 

Mechanics, and the Department of Visual and Performing 
Arts have joined together to bring natural sounds to the 
U.J. Noblet Forestry Building atrium. Using sound to create 
different feelings and awareness of the space, they’ve created 
a soundscape, a combination of sounds that form an immersive 
environment, an acoustic ecology. www.mtu.edu/forest 

Christopher
Plummer, 
an associate 
professor of 
visual and 
performing 
arts, uses
sound design 
to weave 
together the 
science and 
musicality of 
nature. 
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ecoming invisible is no magic trick. 
Elena Semouchkina, an associate 
professor of electrical and computer 

engineering, and her graduate students have 
developed several novel approaches to making 
an “invisibility cloak.” 

Making objects invisible comes down to 
manipulating light, in other words, bending 
beams of light around an area to hide the 
object. Semouchkina and her team started 

beam bending with metamaterials—periodic 
structures comprised of metallic resonators, 
which can speed up electromagnetic waves. 
These structures, however, have drawbacks: the 
cloaking frequency band is narrow and they lose 
energy at the frequency shift from microwave to 
infrared range. 

Therefore, the group switched to all-dielectric 
structures made from either ceramic or 
chalcogenide glass elements. That helped to 

develop both microwave and infrared cloaks. 
Later, they proposed a new approach to 
cloaking objects by using multilayer coatings 
formed from ordinary dielectrics. 

The group is making new advances. They are 
working on incorporating photonic crystals in 
the media of cloaks to replace metamaterials 
and provide new opportunities for manipulating 
the light. www.mtu.edu/ece 

2016 RESEARCH 5 
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Research IN BRIEF 

Power grids

ayne Weaver, an 
associate professor 
of electrical 

engineering, is working onhelps improve
reliability and smart power systems that 
reduce energy use adaptive, predictive, and 
consumption. decision-making algorithms 

that can learn system 
behavior. These technologies allow reliable 
use of energy storage and renewables in 
small grids, and allow the power grid to 
grow through the ability to chain multiple 
microgrids together. This enables distributed 
control over a larger power network for vastly 
improved reliability of the power supply and 
signifcant fuel consumption reduction. 

www.mtu.edu/ece/research/current 

Smarter Power 
need the 
smarter 
software 
developed by
Wayne Weaver.
His work 

W 

Better Measurements,
Better Research 
In photography, artists say a bad photograph can’t be 
made better with digital manipulation. Filters don’t fx 
blurry. In research, this also holds true for data. And quality 
data needs quality machines. 

Several new acquisitions on campus are raising the bar. 
These instruments are improving our science, making 
research more accessible to students, and will especially 
enhance interdisciplinary research. Plus, no one has to 
fly out in a snowstorm or drive hundreds of miles to run 
analyses at other universities. People can come to us 
instead. 

High-Resolution Mass
Spectrometer
Lynn Mazzoleni, Chemistry
and Atmospheric Sciences 

Get Detailed—analyze sensitive 
environmental samples, everything 
from infant tears to wastewater to 
peat pores. 

GLOS Buoy
Guy Meadows, Great Lakes
Research Center 

Weather the Waves—through 
storms and sun, monitor the Straits 
of Mackinac, one of the most 
important stretches in the Great 
Lakes. 

Transmission Electron 
Microscope
Stephen Hackney, Material
Sciences and Engineering 

Imaging Atoms—bombard 
materials with electrons and get 
atom-by-atom details of structures 
in batteries, nanomaterials, and 
atmospheric samples. 

6 RESEARCH  2016 
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Share the value 
of research. 

Connect 

Engage 

Infuence 

www.mtu.edu/unscripted 
Unscripted science rolls off the tongue. Welcome to a venue where we informally talk shop 
about campus research. Here, we discuss breaking news, technology trends, behind-the-scenes 
progress, and tap into what inspires the Michigan Tech community. 

Join the conversation. Get involved. 
social@mtu.edu 

mailto:social@mtu.edu
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Jennifer 
Martin, 
L’Anse Jr/Sr 
High School,
embraces 
hands-on 
science 
learning with 
her sixth grade 
students by
using new
curriculum. 

R emember middle-
school science class? 
Memorizing all 

those disconnected facts? 
Wondering what it had to do 
with your world or life? 

Thanks to the vision of a 
few faculty members and 
staff at Michigan Tech, the 
commitment of universities, 
school districts, and middle-
school teachers across the 
state, and a $5 million grant 

from the Herbert H. and 
Grace A. Dow Foundation, 
middle school science is 
starting to make more sense. 

A project called Michigan 
Science Teaching and 
Assessment Reform (Mi-
STAR) is developing a 
curriculum that engages 
students in applying science 
to real-world problems, while 
connecting science subjects 
around unifying themes: 

Cycles and Interrelationships 
for sixth graders, Life Cycles 
of Materials for those in 
seventh grade, and Human 
Impacts and Solutions for 
grade eight. 

“Science is much more 
than a series of facts,” says 
Michigan Tech Provost Jackie 
Huntoon, who heads the Mi-
STAR project. “It is a way of 
developing knowledge.” 

It all began with the National 
Research Council’s 2011 
report, “Framework for 
K-12 Science Education.” 
Essentially, that report 
warned, “We’re not doing 
it the right way,” explains 
Huntoon. 

The National Research 
Council (NRC), the working 
arm of the National Academy 
of Sciences and the National 
Academy of Engineering, 
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recommended that new 
science standards—and 
equally importantly, new 
ways of teaching science— 
be developed to enhance 
student appreciation for 
science, scientific knowledge, 
and science-related decision-
making in their everyday 
lives. Each core scientific 
idea is paired with a practice 
that engages students in 
actually doing science and 
engineering, as well as a 
crosscutting concept that 
provides structures for 
scientific thinking across 
disciplines, such as “cause 
and effect” and “stability and 
change.” 

“That’s the way scientists 
and engineers actually think 
about problems,” Huntoon 
points out. “Scientists are 
so enthusiastic about what 
we do because it is an 
exciting, creative activity,” 
she says. Huntoon herself is a 
geologist, and says “Children 
in school need to experience 
science that way too.” 

Easy to say, harder to do. 

Over the past year, 49 school 
teachers and 39 faculty 
members, researchers, 
and graduate students at 
five Michigan universities 
—Michigan Tech, Eastern 
Michigan, Grand Valley State, 
Saginaw Valley State, and 
Western Michigan—have 
been laying the foundation 
for the Mi-STAR curriculum. 

Through a professional 
development component, 
Mi-STAR is providing training 
for teachers to develop 
and implement this new 
curriculum. To date, middle-
school teachers from 29 
schools in 18 school districts 

—from Detroit to the Upper 
Peninsula—have worked on 
the curriculum and learned to 
use it in their classrooms. 

Research and assessment is 
another key piece, analyzing 
results and changing course 
when necessary. 

Developing a reform-based 
curriculum is a monumental 
task, says PhD student 
and Mi-STAR curriculum 
developer Emily Gochis, who 
has taught in schools, served 
in the Peace Corps and 
participated in a variety of 
science-education programs 
at Michigan Tech. “Mi-STAR 
is a challenging project that 
puts all my previous skills to 
the test, she says.” 

The team first identified 
overarching themes that are 
recognized by science and 
engineering professional 
societies as areas of particular 
concern to society. They 
include: water resources, 
energy and earth resources, 
sustainable ecosystems, earth 
and space systems, food and 
agriculture, human and public 
health, and infrastructure and 
the built environment. 

The education experts and 
teachers then looked at how 
learning would progress from 
sixth through eighth grade, 
developing units that address 
issues actually facing society, 
such as renewable energy 
resources, climate change, 
and feeding the world. 

Still, they weren’t done. They 
had to design activities that 
enabled children to learn by 
doing, observing, making 
predictions, and drawing 
conclusions. For example, to 

Michigan Tech 
Provost Jackie 
Huntoon 
leads the Mi-
STAR project 
bringing a 
new vision 
to science 
learning for 
Michigan 
middle 
schoolers. 

Students at 
L’Anse Jr/Sr 
High School
in L’Anse, 
Michigan
don’t just 
read about 
science, they 
do it, with new 
curriculum 
designed by
a consortium 
of researchers 
from five 
Michigan
universities. 

2016  RESEARCH 9 
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Science is 
more than just 
memorizing
facts. It’s 
about making
the subject 
come alive for 
students. 

gather information about 
the thermal properties 
of materials through 
experiments in order to 
recommend sustainable 
building materials, a class 
tackles this scenario: 

Your local mayor is 
competing for an 
environmental sustainability 
award that, if won, could 
bring much-needed tourist 
dollars, federal grant money, 
and good publicity for your 
community. 

The city council has decided 
to build a community 
center. The mayor has 
commissioned several 
engineering firms (small 
student groups) to test 
individual insulation 
materials that balance 
energy efficiency with the 
environmental impact of the 
material. 

Each group will use 
knowledge learned from 
this unit to measure certain 
characteristics of their 
material, to decide whether 
it might be a good one to 
use. At the end of the unit, 
all groups will come together 
to share their results and 
decide which material 
would give the project the 
best chance of winning the 

environmental sustainability 
award. 

Three units of the new 
curriculum are now being 
piloted in schools in Bay 
City, Houghton, L’Anse, 
Kalamazoo, and Midland. 

“We interview teachers 
weekly, and their reports 
of student enthusiasm for 
this type of learning are 
inspiring,” says Brenda 
Bergman, a postdoctoral 
research fellow at Michigan 
Tech, who is heading Mi-
STAR’s research component. 
“One teacher described her 
students as ‘joyful’ in science 
class.” 

The timing is perfect, since 
Michigan recently adopted 
its own state science 
standards, based on the 
Next Generation Science 
Standards that emerged 
from the NRC study. 

“Everything came together 
at the right time,” says 
Huntoon. “Maintaining 
alignment between the 
Michigan Science Standards 
and the Mi-STAR curriculum 
is important, because 
schools and school districts 
that adopt Mi-STAR can 
know that it meets state 
science standards and 

prepares students for high-
stakes assessments.” 

How will Mi-STAR affect the 
science classrooms of the 
future? 

“I think it’s going to be a 
great model for classrooms 
nationwide,” says Robin 
Allen, a sixth-grade teacher 
at one of the Mi-STAR pilot 
schools, Northeast Middle 
School in Midland. “Mi-STAR 
has developed a curriculum 
that is interdisciplinary, high- 
energy, authentic, problem-
based and of high interest to 
students. The units are well 

thought out, and the flow of 
the lessons makes sense.” 

Jennifer Martin teaches 
sixth, seventh, and eighth 
grade science at L’Anse Jr/ 
Sr High School. She’s excited 
about the Mi-STAR unit she is 
piloting with her sixth graders. 

“In a traditional classroom, 
the teacher tells the 
students what they should 
know and then they make 
observations,” Martin 
explains. “Mi-STAR turns 
that upside down, starting 
with students making 
observations and discussing 
those observations with their 
classmates, then developing 
predictions and collecting 
their own data to test those 
predictions.”  

For example, in a unit 
on Michigan’s changing 
ecosystems, students were 
doing an experiment focusing 

on the resources a population 
needs to survive. So they 
filled bottles with differing 
proportions of water, apple 
juice and yeast. Since yeast 
needs sugar to reproduce, the 
students predicted that the 
bottles with the most apple 
juice, would see more yeast 
growth. 

They found out if the yeast 
was growing by measuring 
the turbidity or cloudiness of 
the solution. 

“Throughout the next few 
days, students were constantly 
checking their bottles and 
making observations,” says 
Martin. “They collected their 
data, graphed their results, 
and analyzed the class data.” 

“Mi-STAR involves students 
more directly in their own 
learning,” Martin points out. 
”We still have our bottles 
with our yeast/apple juice 
solutions; the students 
begged me to leave them for 
a few more days so they could 
continue observing how they 
changed.” 

Like most solutions to 
complex problems, though, 
Mi-STAR could create a new 
challenge by solving an 
old one. If Mi-STAR works, 
engaging middle schoolers 
in thinking like scientists and 
engineers—and Huntoon 
has every reason to think it 
can—“the expectations of 
our university students are 
going to change as they 
learn science in school in this 
new way,” she says. “How 
do we change our university 
instruction so that it also is 
more aligned with doing 
science and engineering than 
sitting in a classroom learning 
about it?” 

mi-star.mtu.edu 
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“One teacher 
described her 
students as ‘joyful’
in science class.” 

http:mi-star.mtu.edu
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In clouds, the nitty-gritty details
are in droplets. Specifically,
sorting out how droplets mix
has been a challenge. Now,
using holographic images, our
researchers have a clearer idea. 

To understand groups of droplets, 
physics and atmospheric science 
professor Raymond Shaw has worked 
with a team from the National Center 
for Atmospheric Research (NCAR) for 
more than a decade. In their latest 
experiments, they flew airplanes 
through fluffy, cottonball cumulus 
clouds and captured detailed 3-D 
images of cloud samples with an 
instrument called the Holographic 
Detector for Clouds (HOLODEC—yes, 
like Star Trek’s “holodeck”). 

Using the HOLODEC, Shaw and his 
team found that as dry air mingles 
with droplet-rich clouds, the mixing 
is inhomogeneous. With sharp 
boundaries between dry and wet air, 
it looks like marbled cake, a pattern 
that held true down to the centimeter 
scale. Currently, most climate and 
weather models assume homogeneous 
mixing, more like well-stirred cake 
batter. This new data could help bring 
more nuances into modeling, weather 
forecasting, and climate predictions. 
The results of Shaw and his team’s 
HOLODEC work were published in 
Science last October. 

Physics
professor 
Raymond
Shaw is doing
the next 
generation of 
cloud research 
with the help 
of graduate
student 
Susanne 
Glienke—and 
holographic
imaging. 

CLOUDY 
DETAILS 

2016 RESEARCH 11 



  

 

 

 

 
 

 

 
 

  
 

  
 

 

 
 

 
 
 
 
 

 
 

 
  

 
 

  
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

 
 
 
 
 

 
 

 

 
 

 
 
 

 
 

 
 

 
 

 
 
 

  
 

 
 
 

  
 

 
 

 
 

 
 
 
 

 
 
 

 
 

 

 
 

 
 

  
 

 

Like its Star Trek Enterprise 
counterpart, the HOLODEC 
is not much without its flying 
vessel. In this case, the 
HOLODEC was carried on 
a Lockheed C-130 airplane, 
a military transport-style 
aircraft, maintained by NCAR 
and owned and supported 
by the National Science 
Foundation (NSF), along with 
the University of Wyoming 
King Air Research Aircraft, 
also supported by NSF. 

The research was really a 
team effort. In addition to 
the collaboration with NCAR, 
two members of Shaw’s 
team are Tech alumni—and 
have been involved with 
the HOLODEC research 
since its inception. Matt 
Beals (now at MIT Lincoln 
Laboratory) and Jacob Fugal 
(now at University of Mainz 
in Germany) are also the first 
and second authors on the 
Science paper, respectively. 
Michigan Tech’s science and 
technology writer, Allison 
Mills, interviewed both of 
them about their research 
and HOLODEC. 

Q&A with Matt Beals 
and Jacob Fugal: 

AM: You both have been with 
the HOLODEC project since 
your time at Michigan Tech. 
What has that been like? 

JF: Helping build the 
prototype HOLODEC in 
2003 and figuring out how to 
process the holograms was 
my PhD project. For this first 
instrument, it was a big deal 
that we could see the droplets 
and ice crystals at all. In 2008– 
09, Matt and I were part of 
building and developing the 

HOLODEC instrument used 
for this latest research. We’ve 
seen small-scale processes of 
clouds in play. It’s amazing to 
see our measurement quality 
advance so far, so quickly. 

MB: I started my PhD at 
Michigan Tech right when the 
instrument was undergoing 
final design and construction 
at NCAR in Boulder, Colorado, 
where Jacob was at the time. 
I spent the first six months of 
my time at Michigan Tech on 
a visiting scientist fellowship 
in Boulder, so that I could be 
part of this initial building 
and testing 
phases. 
Being a 
part of the 
development 
on so many 
different 
levels—from 
engineering 
to software 
design to 
mission 
scientist— 
was a real 
challenge but 
also a really 
rewarding 
experience 
…To know 
that all the 

hard work paid off, and that 
we now can look at clouds in 
a brand new way has been 
exciting. 

AM: For most of us, we 
hear “holodeck” and our 
imaginations go wild. What 
exactly does the HOLODEC 
do and why does that matter 
for studying clouds? 

MB: In its simplest form, the 
HOLODEC is a camera that 
can record a 3-D picture. 
It allows us to record the 
size, shape, and position of 
everything within a volume 

The just a touch
atmospheric larger than science team 
surveyed your pinky 
cumulus clouds finger. The 
high above instrument isWyoming and
Colorado from mounted to 
their airborne an airplane
laboratory. that is then 
flown through clouds in order 
to capture 3-D pictures of the 
tiny water droplets and ice 
crystals contained within. 
The details of these drops and 
ice crystals—how many there 
are, how large they are, how 
they are distributed through 
the volume, etc.—drastically 
affect the nature of the cloud 
and how it interacts with 
the environment. Some of 
the largest uncertainties in 
current climate models stem 
from uncertainties in cloud 
composition and behavior at 
these small scales. 

AM: That small-scale behavior 
has been a bit of a mystery 
for the past 30 years since 
inhomogenous cloud mixing 
was first introduced. Could 
you explain the mixing 
patterns observed with the 
HOLODEC? 

The two 
forward 
prongs of the 
HOLODEC 
house a laser 
and camera 
to image a
marker-sized 
sample of
cloud droplets 
and dry air. 

12 RESEARCH  2016 



 

 
  

 
 
 
 

 
 
 
 

 
 

 
 

  
  

 
 

 
 
 
 
 
 

 

 
 

 

 
 

 
 

 

 
 
 
 

  
  

 
 

 

 
 

 
 

 
 
 

 
 

 
 

  
 

 
 
 
 

 
 
 

 
 

 
 
 

 
 
 

 
 

 
 

 
 

 
 
 
 

 
 
 

 
 

 
 

 
 

 
 
 

 
 

 
 

 

 

 
 

 
 
 

 

  

HOLODEC 
SCHEMATIC 

Electronics Box 

Laser 

Camera Camera 
Slide Lens 

Turning Mirror 

Sample Volume Size 
20 cm3 

JF: Let’s step back for a 
minute. One part of scientific 
discovery is some luck, some 
fortunate circumstance. 
Most people I introduce 
our instrument to already 
grasp that holography has a 
three-dimensional aspect to 
it; we can see a 3-D piece of 
cloud. Well, what could one 
do with 3-D measurements 
that others haven’t done or 
aren’t doing already? We were 
looking through the data, and 
Matt showed me this figure 
of filaments of cloud strewn 
through dry air: After checking 
it wasn’t a mistake or artifact, 
we knew we could see the 
mixing at cloud edges on the 
centimeter-scale. We weren’t 
expecting the results to be so 
dramatic, or that this particular 
science question would be the 
one that we’d focus on first. 

AM: Why is observing 
inhomogeneous mixing such 
an important finding? 

JF: There is growing evidence 
that cloud processes at small 
scales and at cloud edges, 
particularly in stratocumulus 
and cumulus clouds, are 

important to overall cloud 
development such as rain-out 
[when particles and gases are 
removed by rain droplets] and 
cloud growth. This is the first 
of many findings, we hope, 
on how cloud-edge processes 
appear, and how they may 
impact the 

On top of that, both Jacob 
and Raymond have active 
projects using holographic 
instruments similar to the 
HOLODEC. Jacob is working 
with another aircraft-mounted 
instrument (HOLODEC, the 
next generation if you will) 

as well as 
some pretty overall cloud. “In its simplest form, 
interesting the HOLODEC is ground-based 

a camera that can instrumentswhat’s on the 
he’s using to horizon for this record a 3-D picture. 
study cloudsHOLODEC It allows us to record and ice in the research? 

the size, shape, and mountains. 
Raymond isMB: We position of everything 
also using acollected a within a volume just HOLODEC-ton of data, 

a touch larger than like instrument and only a 
to helpsmall fraction your pinky finger.” 
analyze cloudhas been 

formation in his new cloud processed and analyzed for 
simulation chamber. my thesis. So, there is definite 

potential to at least continue 
www.mtu.edu/clouds on with the mixing work I 

was doing. Also, we started 
exploring how to make the 
instrument more accessible 
to the research community as 
a whole. Hopefully, we’ll start 
to see holographic cloud data 
being used in a wider variety 
of studies by other groups. 

AM: So, 

MIXING PATTERNS 

IN CLOUDS 
Do clouds mix evenly? Or do they
separate out? That has been the subject
of research spanning more than three
decades. Now, HOLODEC lets us peer
at the ingredients close up and observe
their distinct patterns. 

CLOUD 

+ 

DRY AIR 

DROPLET MIXING 

INHOMOGENEOUS HOMOGENEOUS 

Like a marbled Eroded, smaller 
cake, this droplets are 
kind of mixing blended like 
separates into cake batter. 
layers of dry They’re smaller 
air and big, because all are 
unaltered drops. losing some
Whole droplets moisture and 
evaporate there is less 
while others are dry air to go
untouched. around. 

2016 RESEARCH 13 
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1. First, find a peat bog. 
This is Meadowlands, 
Minnesota. And that’s an 
excavator removing a 2,000 
lb. block of peat, water, and 
water-loving  plants like 
sedges and shrubs. 

Credit: Ellen Beller 
Pe

At
Ha

Rv
Es

T Dirty hands. 
Trace gases. 
Ericaceae. The 
life of a peatland 
mesocosm 
experiment. 
Flooding is the way of life 
in peat bogs. The standing 
water helps create an 
environment where 
mosses, sedges, and 
shrubs flourish. As each 
year passes, a thick new 
layer of vegetation buries 
the old. Layer and layer 
of partially decomposed 
organic matter piles into 
peat, which slowly gathers 
and stores tons of carbon 
over centuries. With so 
much old plant material 
trapped in them, these 
flooded peat bogs affect 
much bigger carbon and 
climate systems. 

MeSo+CoSm 
Between macro- and micro-, the Goldilocks scale for 
controlling an experiment while still using real-world 
systems. (see also: peat bog in a box.) 

6. This mesocosm experiment started four 
years ago. The Minnesota-bog blocks rested 
at the Houghton-based facility, weathering 
Keweenaw winters and withstanding water- 
level manipulations by the researchers. Last 
July, the team took apart the bins, making 
their final measurements. 

2. Next, haul the bins to the closest—well, 
ONLY—mesocosm facility of this scale in 
the Midwest. Our research team brought 24 
bins back to campus. The U.S. Forest Service 
Northern Research Station runs the facility 
and collaborates with our School of Forest 
Resources and Environmental Science. 

Credit: Ellen Beller 
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3. Each bin is a small carbon sink. Bogs are 4. Carbon cycling is the big picture. But to 5. The researchers look at trace gases. 
full of water and over time all the decaying get there, our researchers need to know the Methane and carbon dioxide slowly release; 
plant matter turns into carbon-rich peat. plants. Potvin and Evan Kane, an assistant the gases tell what’s happening below the 
Undergraduate student Sarah Harttung (right) professor of ecology, are most interested surface. Entangled roots change what gases 
helps Forest Service ecologist Lynette Potvin in sedges and Ericaceae shrubs in the rise depending on functional traits of the 
dig into the first layer of sphagnum moss. mesocosm bins. plants they belong to; in effect, some roots act 

like gas “chimneys” to the peat surface. 

7. Potvin, Kane, their 
research collaborators, and 
a group of student assistants 
survey the vegetation mix, 
snipping samples of different 
species. The Ericaceae shrubs 
appeared to do well with 
drought. Unfortunately, more 
shrubs could also mean more 
carbon dioxide surfacing. 

8. After the surveys, each 
bin is taken apart. A front-
end loader lifts each bin, the 
glass window is removed 
and samples are cut off the 
peat. 

9. Chunks of soggy peat 
make for dirty hands and 
excellent chemical analysis. 
There is a lot of action in the 
top 18 inches, where most of 
the roots grow. The preferred 
cutting tool: a serrated bread 
knife. 

10. The peat in Kane’s 
hands trapped a couple 
roots. The twig-like pieces are 
probably a couple thousand 
years old. But while peat bogs 

Want to dig deeper? Check out a short are slow-moving systems, 
video of Sarah Harttung discussing the climate change may upend 

dismantling of the mesocosm. that. All the more reason to 
better understand how carbon 

www.mtu.edu/peat cycles through the bog. 
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2.0 

RE 
SEARCH 

INTER 
DISCIPLIN 

ARY 

For a small 
university in a
small town, we’re
making a big
difference. 

Some people say there
is no “i” in team. That’s 
because they’ve never
done interdisciplinary
work before. 

NEW 
SCIENCE FOR 
RESEARCHERS 
OF TOMORROW 

I nterdisciplinary 
encompasses research  
from different felds of 

study. For some researchers 
that means piling on 
prefxes and thinly slicing 
research problems, like a 
biogeochemist studying 
micronanotech accumulations 
in histosol soils. That’s highly 
specialized. 

Rather than narrowing 
down, our interdisciplinary 
work is about broadening 
and applying research, 
improving on interdisciplinary 
methods. We’re taking 
collaborative work to the next 
level. Some of projects are 
transdisciplinary—bringing 
in non-scientists and working 
across disciplines instead of 
at the convenient intersection 
of disciplines. Others are 
translational—turning basic 
science into applied science. 

This spread showcases 
some of the Interdisciplinary 
2.0 projects happening 
at Michigan Tech. There’s 
everything from repurposing 
minewater reservoirs to 
detailing black carbon 
particles to including people 
in geohazards assessments. 
Teamwork drives this 
research—and success 
centers on how well teams 
can bridge their individual 
disciplines. It’s humbling. 
Each researcher doesn’t know 
all the answers; by working 
together, they can share their 
knowledge and learn from 
others, which better equips 
them to solve entrenched 
problems and dig into new 
research ideas. 

This kind of interdisciplinary 
work is just how we do 
research at Michigan Tech. 



 
 

 
 

 
 

 
 

 
 

 
 

 
 
 

 
 

 

 

 
 

 

 
 

 

 
 
 

 
 

 
 

 
 

 
 
 
 
 

 
  

 
 

 
 

 
 

 
 

 
 
 

 
 

 
 
 

 

  

 
 

 
 
 
 

 
 

 

 
 

 

 

SolaR 
The solar industry is  
skyrocketing.  

In the past several years  
alone, the nation’s tally of  
new photovoltaic installations  
has nearly doubled. For the  
frst half of 2015, the Solar  
Energy Industries Association  
(SEIA) reports that solar  
supplied 40 percent of all new  
electric generating capacity,  
surpassing every other energy  
sector. Next year, SEIA  
forecasts 25 to 50 percent  
industry growth. 

Traditional panels are made 
out of silicon wafers. But 
that’s old news to materials 
science researcher Chito 
Kendrick, who is starting to 
look at indium gallium nitride 
photovoltaics. Along with 
Joshua Pearce, who has a 
joint appointment in materials 
science and engineering 
as well as electrical and 
computer engineering, the 
two are examining new 
material combinations to see 
what works best. In Kendrick’s 
microfabrication lab, they 
parse through the inner 
workings of solar cells. 

Pearce has also collaborated  
with Durdu Güney and Paul  
Bergstrom in electrical and  
computer engineering. Their  
plasmonic enhancement  
research, often coupled with  
nanostructures, maximizes  
how light is trapped in the  
cells, which can increase  
energy output. Similarly,  
materials science researcher  
Yun Hang Hu is pushing the  
boundaries of solar tech by  
using graphene to increase  
effciency. He also works on  
dye-sensitized solar cells,  
which combine the inorganic
materials widely used now  
with organic materials.  

These researchers live in an  
inherently interdisciplinary  
world. Not a single one falls  
into a traditional materials or  
electrical background. Being  
interdisciplinary in their own  
training enables them to  

 

collaborate more easily and 
see engineering challenges 
from different angles. 

Specifcally for solar, that 
collaboration continues 
outside the lab. Michigan 

Tech’s Keweenaw Research 
Center, directed by Jay 
Meldrum, offers an ideal 
location to test panels 
outside—and test how they 
handle snow-loading strain in 
winter-weather conditions. 

Beyond materials and testing, 
solar technology is only good 
if people are willing to install 
it in homes and businesses. 
Sociologist Chelsea Schelly 
wants to better understand 
what it takes to get solar on 
homes, especially in rural 
communities. To Schelly, 
solar energy is about more 
than a trendy way to get 
electricity; it’s about building 
resiliency and independence 
in places that have limited
access to energy resources 
and infrastructure. Her 
colleague, Richelle Winkler, 
has also collaborated on
similar work with an emphasis 
on the demographics of solar 
adopters.

Understanding community 
dynamics is also important in 
the world of aquatic plants, 
where one invasive species is 
encroaching on the northern 
Great Lakes. 

MILFoil 
Milfoil has impacted tourism
economies and choked
aquatic ecosystems. Long the
bane of Midwestern lakes in 
summer, milfoil—specifcally, 
Eurasian Watermilfoil (EWM) 
and its hybrids—have been
spreading into the northern 
Great Lakes over the past 
decade. 

A Michigan Tech 
transdisciplinary team plans to
stop it.

At Michigan Tech, 
our researchers are 
working on all sides 
of this boom— 
from streamlining 
material specs, to 
developing new 
high-tech panels, 
to probing barriers 
for communities 
with limited access. 
And they’re doing it 
together. 
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SToPPING MILFoIL 
CASEY ERIKA Guy RodNEY AMY 
HuckINS HERSCH-GREEN MEAdows CHIMNER MARCARELLI 
Professor, Assistant Professor, Director, GLRC Associate Associate Professor, 
Biological Sciences Biological Sciences Professor, SFRES Biological Sciences

Bringing
As an ecologist, Genetic hybrids are oceanography Applied ecology From big-picture 
he sees removing the crux of EWM to freshwater, is about making landscapes down
invasive EWM as invasions, and she he gathers a a difference in to hand-held 
one act on a bigger focuses on how sonar view of natural spaces. samples, she 
ecosystem stage. the plants adapt. infestations. He With an emphasis understands the 
The real work is It’s evolutionary also connects with on conservation, biogeochemical
understanding ecology meets CSI local communities he looks at how nutrient cycles tied 
the intricacies in the northern to help them EWM disturbs to EWM’s invasion. 
of aquatic plant Great Lakes. navigate EWM. environments. 
communities. 
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PENGFEI 
XuE 
Assistant 
Professor, Civil 
and Environmental 
Engineering 

Expanding on
fieldwork, data
models offer a 
whole view of EWM 
in the northern 
Great Lakes. His 
modeling helps
predict where EWM
could go next. 

Colin 
Brooks 
Research Scientist 
and Lab Manager, 
MTRI 

He gets the view 
from up high, 
surveying EWM
with a specialized 
hexacopter along
lakeshores and 
from remote-
sensing data
gathered by 
satellite. 

Joe 
WAGENBRENNER 
Assistant Professor, 
SFRES 

Water and fire 
don’t mix well, but 
in his watershed 
hydrology work 
the two are 
inseparable after a
wildfire, especially 
to prevent runoff 
and erosion. 

Jessica 
McCarty 
Research Scientist, 
MTRI 

Knowing how
land-use practices 
affect landscapes 
is crucial. For 
rangeland and
agriculture 
fires, she looks 
for geographic
patterns in big 
datasets. 

AFTER THE 

MARY ELLEN 
MILLER 
Resear 
MTRI 

Hiking ar
charr 
is necessary for
her to get t
best field data 
that val 
hydr
to bet 
post-fir
landsl 



AFTER THE WILDFIRE 
MARY ELLEN LIZA NaNCY MICHAEL Laura 
MILLER JENKINS FRENCH BILLMIRE Bourgeau-Chavez 
Research Scientist, Research Scientist, Research Scientist, Research Scientist, Research Scientist, 
MTRI MTRI MTRI MTRI MTRI 

Hiking around 
charred tree trunks 
is necessary for
her to get the 
best field data 
hat validates 

hydrologic models 
to better predict 
post-fire floods and 
landslides. 

In lands dominated 
by ice and
disproportionately 
affected by climate 
change, she seeks
to understand 
the vulnerability 
of ecosystems
impacted by
tundra fires. 

Fires crank out 
carbon and she 
wants to figure out 
how the detailed 
nuances of a 
burned landscape
impact the big 
picture of carbon 
cycles. 

Emissions data 
can be messy, 
conflicting, and 
highly variable. The
patterns are there, 
however, and he 
finds them for both 
carbon cycling and 
human health. 

Burning peat is
nothing new, 
but looking at
what happens
when these 
rapidly changing 
ecosystems
catch fire is. She 
digs into both 
peatlands and their 
carbon data. 



 
 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 

 
 

 

 
 
 

 
 

 

 
 

 
 

 
 

 
 

 
 

 

 
 

 

 
 

 
 

 
 

 

 
 

 
 

 
 

 

 
 

 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 
 
 
 
 

 

 
 

 
 

 
 

 
 

 
 
 
 

 
 

 
 

 
 

 

 

But, how do you stop an invasive species 
that is so adaptable and tenacious? And it’s 
not a single plant or even a single species: 
EWM hybridizes with its native cousin, 
making for a genetic spectrum that is hard 
to pick apart in a lab, let alone on a rocking 
boat in an infested lake. 

To handle such an entrenched invasive— 
most of the Midwest and parts of the East 
and South have been battling EWM for 
several decades—the team spans several 
disciplines, uses cutting-edge technology, 
and partners with local communities. 

“You take all these different experts and get 
them working on the same problem, then 
you fnd out all these different dimensions,” 
says Guy Meadows, director of Michigan 
Tech’s Great Lakes Research Center (GLRC), 
which serves as a project hub for invasive 
milfoil research. 

Meadows focuses on underwater sonar 
imaging and mapping, while other team 
members run supercomputer models, 
analyze milfoil genetics, keep tabs on 
ecological impacts, track milfoil stands using 
drones, and survey treated areas to test 
treatment effectiveness. The team works with 
communities in Michigan’s Upper Peninsula 
that offer input and help set the bounds of 
the treatments to get rid of EWM. 

Casey Huckins, a professor of biological 
sciences at Michigan Tech, is the lead 
researcher for several milfoil projects funded 
by the Environmental Protection Agency and 
Michigan Department of Natural Resources. 
As a biologist with research experience on 
the ecology of aquatic invasive species, 
he thinks of EWM as an invading plant— 
knowing that “controlling it like a weed” is a 
common management technique. 

“Some people say, ‘throw at it whatever 
you have, as much as you have,’ so we can 
just get rid of it,” Huckins says, explaining 
that milfoil treatments can include mower-
like harvesters, beetles, fungi, and herbicide 
applications. Some communities don’t 
like that. “So we’re trying to fgure out 
what’s the level of the threat and at what 
point does that threat require treatment,” 
Huckins adds. 

Connecting the threat and treatment is 
not so straightforward, especially because 
of the genetic variability. Preliminary data 
shows that the hybrids may actually be 
more adaptive and harder to control than 
straight EWM. But knowing the plant’s limits 
helps; for example, it doesn’t do well in 
deep water, seeking shallow bays instead. 
Understanding these preferences—and 
potential adaptations—will help determine 
the best treatments and predict where 
invasive milfoil might spread next. 

That’s where Pengfei Xue, an assistant 
professor of civil and environmental 
engineering, steps in. He runs models for 
the project on the supercomputer Superior, 
housed at the GLRC. One of those models 
assesses water current patterns, water 
temperature, depth, and other factors that 
favor milfoil. The data could help predict 
where milfoil will show up next; remote 
sensing and in-the-boat surveys help 
validate the predictions. 

Colin Brooks, a senior research scientist 
at the Michigan Tech Research Institute 
(MTRI), uses remote sensing to keep tabs 
on EWM. 

“Satellite imagery is useful for large 
spaces,” Brooks explains. “But for smaller 
areas, UAVs [unmanned aerial vehicle or 
drones] are better and more discerning.” 

From up in the sky to down on the water, 
the Michigan Tech team is working with 
communities to put EWM in its place—and 

remove it from the places we love before 
they’re overgrown. 

Fire also overruns places we love and 
admire. A team of Michigan Tech Research 
Institute scientists is working to hold back 
the fames to better protect lives, property, 
and iconic landscapes in the West and 
Alaska. 

FiRE 
It’s redolent of cozy, crackling logs or the 
destruction of priceless timberlands. But to 
those knowledgeable about fre research, 
it calls to mind an interdisciplinary team of 
Michigan Tech Research Institute (MTRI) 
scientists and engineers. 

MTRI is known for its remote-sensing 
expertise, using satellite imagery to track 
hitherto-hidden data. And remote-sensing 
technology has thrust MTRI researchers to 
the forefront of wildfre research. From the 
Alaskan tundra to the forests of California, 
they have mapped and monitored wildfres 
and their impact on the environment. 

Nancy French and Laura Bourgeau-Chavez, 
senior research scientists at MTRI, have 
been working with the Alaska Fire Science 
Consortium since 1990. Their frst fre 
research in Alaska studied the extensive 
fres that burned more than three million 
acres in the interior of Alaska that year. 
Using synthetic aperture radar (SAR) and 

Eurasian 
Watermilfoil 
thriving in Lake 
Huron last 
summer. 

Kevyn Juneau,
a former 
postdoc
working
with Amy
Marcarelli, led
summertime 
EWM surveys
by removing
plants from
the lake. 
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historical records, they helped create 
the frst state-wide digital map of 
wildfre perimeters. This map evolved 
into an interactive Alaska Fire History 
map (fre.ak.blm.gov/predsvcs/maps. 
php) currently in use, making fre data 
publicly available to management 
agencies and researchers alike. 

The MTRI team’s main focus continues 
to be the role of fre in carbon cycling, 
the process by which carbon is 
exchanged between living organisms 
and the environment. The group has 
grown to eight investigators who work 
collaboratively with geographers at the 
University of Maryland, 

National Aeronautics and Space 
Administration’s (NASA) Arctic Boreal 
Vulnerability Experiment (ABoVE). 
Bourgeau-Chavez and French are 
continuing with the help of Liza 
Jenkins at MTRI and Evan Kane with 
the School of Forest Resources and 
Environmental Science. 

But French doesn’t spend all her time 
in the frozen north. With a grant from 
the National Institutes of Health, she 
conducted a study of the health threats 
produced by the smoke from wildfres. 
Once again, she worked with an 
interdisciplinary team including Brian 

Thelan, a MTRI statistician; 
where one of the Shiliang Wu, an associate “This type of
original researchers, Eric professor of geological analysis can
Kasischke, now works. and mining engineeringbe useful for and sciences at Michigan 
Carbon cycling is emergency Tech who is an expert in 
directly related to the preparedness atmospheric chemistry, 
creation of excess air quality, and climate and public
carbon dioxide (CO2), change; Michele Ginsberg 
called “greenhouse gas” health decision- and Jeffrey Johnson 
because it acts like a making.” 
blanket over the planet, 
trapping heat. The result: climate 
change. 

To determine the impact of fre on 
carbon cycling, the team developed 
methods to quantify wildfres’ 
consumption of duff—the partially 
decayed organic matter on the forest 
foor—and to understand the variables 
that drive consumption and emissions 
in the forests of the sub-arctic region, 
known as boreal ecosystems. They 
learned that estimates vary based on 
site location and vegetation (fuel) type. 

The research team also developed 
new, more accurate models that 
account for fre weather and changes in 
fuel moisture, one of the main drivers 
of variability in fre emissions. 

As a result, fre and fuels management 
specialists have been able to improve 
their fre danger modeling and 
forecasting. 

The MTRI team’s research in northern 
North America now is part of the 

with San Diego County 
Public Health Services; 

and Tatiana Loboda, a University of 
Maryland geographer who specializes 
in analyzing future fre risk. 

“We know that climate change may 
cause an increase in the frequency and 
intensity of wildfres,” says French. 
“What we don’t know is whether future 
fres will produce more particulate 
matter and what effects this change 
might have on people’s health.” 

Her study found that the likelihood of 
people seeking emergency care due 
to wildfre smoke from the 2007 fres 
increased 41 percent for the entire San 
Diego County region and 72 percent 
in sub-regions most affected by the 
smoke. 

“This type of analysis can be useful for 
emergency preparedness and public 
health decision-making,” French points 
out. 

Meanwhile, MTRI research engineer 
Mary Ellen Miller has been studying 
fre remediation to assess and prevent 

erosion, mudslides, and foods after a 
wildfre goes out. During the 2015 fre 
season, her team, including MTRI 
research scientist Michael Billmire, 
created post-fre erosion risk maps for 
the Butte and Valley fres in California. 
Miller is also working on improving 
model performance by studying the 
2012 High Park Fire that burned in the 
Front Range of Colorado. 

“Healthy forests create healthy 
watersheds,” Miller says, explaining 
that runoff and erosion are rare when 
vegetation and forest litter protects 
the soil. But fres can consume those 
protective layers and increase the risk 
of foods and landslides. Hot gases 
from burning organics can clump 
around soil particles, making the soil 
water repellent—like a raincoat—and 
causing the water to run off the soil 

rather than soaking in. 
With satellite images that characterize 
the burned areas, Miller creates 
hydrological models with parameters 
based on how much ground cover is 
left, fre impacts on soil, soil texture, 
climate, slope angle and length, and 
other factors. This information forms 
a database used to model post-fre 
erosion and runoff. These predictions 
can be used by land managers to 
determine what kind and how much 
remediation might be effective after a 
fre. 

By Jennifer Donovan and Nancy French 

Want to 
see more? 
A preliminary 
database with 
information for 
the western 
states is now 
online at: 
geodjango. 
mtri.org/ 
geowepp.
Modelers can 
choose fires 
or a historical 
fire, or upload 
a new burn 
severity map. 

Danger
doesn’t pass 
when the 
flames go
out; burned
landscapes are 
at higher risk
of floods and 
landslides. 
. 
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DESIGNER 
PRobes, 
PRoTEIN, AND 
ENERGY GAPS 
Proteins are like 
nanomachines that carry out 
important biological functions 
in our body their complex 
forms have to fold fawlessly 
in order to work properly. But 
sometimes they can misfold. 
This misfolding causes the 
proteins to get sticky, 
leading to aggregation, PRoteins 
which is the hallmark of 
neurodegenerative diseases complex surfaces; 
like ALS, Alzheimer s, and 
Parkinson’s. 

Sticky

Proteins have 

Protein stickiness is a result 
of surface hydrophobic 
interactions. But it s hard 
to measure. A team of 
biochemists, synthetic 
chemists, and physicists are 
working to improve that. Their 
research on hydrophobicity 
detection with BODIPY 
based fuorescent probes 
was published in Scientif c 
Reports in December 2014. 

Using the fuorescent probes, 
biochemist Ashutosh Tiwari 
measured hydrophobicity 
in three proteins: Bovine 
Serum Albumin (BSA), 
apomyoglobin, and 
myoglobin. Compared to a 
commonly used commercial 
sensor (ANS), these new 

A
SH

U
TO

SH
 TIW

A
RI 

PRoBE 
STRuCTuRE 
This molecule is 
a chemical probe 
created by the 
research team. 
The sensor was 
designed to test
the stickiness, or 
hydrophobicity, of 
protein surfaces. 

SENSOR 

BODIPY-BASED CORE 

SOLUBILIZER 

sometimes they 
become more 
hydrophobic. Too 
much stickiness 
can result in 
aggregation 
that can lead to 
neurodegenerative 
diseases. 

HYDROPHOBIC 
SURFACE 

SENSE and 
SEEK 
The team’s 
sensitive probes 
help find the 
sticky spots on
proteins. The 
interactions are 
as complicated as 
dating, but like 
Romeo and Juliet, 
they’re drawn to 
each other. 

FLuorescent 
Glow 
The probes light 
up—far better 
than commercial 
probes. Tiwari 
says, “This is
like going from 
having one 40-
watt light bulb 
and then having 
60 of them in 
the same room, 
just imagine the 
difference in 
illumination.” 
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BODIPY based hydrophobic 
sensors showed much 
stronger signal strengths, 
with up to a 60 fold increase 
in BSA. 

Tiwari collaborated with 
Haiying Liu, who as a 
synthetic chemist, practices 
both the science and art 
of crafting molecules. Liu s 
team created the fuorescent 
probes, a magnifed version 
of which is seen here. 

Then, to better understand 
how the probes worked and 
why they are so much better 
than ANS Tiwari turned to 
physicist Ranjit Pati. The team 
shed light by carrying out 
the frst principles electronic 
structure calculations to 
measure the energy driving 
the probes  fuorescence. The 
energy gap for several of the 
sensors is about 2.2 electron 
volts, ideal for fuorescence. 

Nethaniah Dorh, the study s 
lead author and a doctoral 

student with Tiwari, 
focused on this work 
for his dissertation. 
As a graduate 

student, going forward 
I have an understanding 
that collaboration is key to 
progress no man is an 
island,” he says. 
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GEoTHERMAL 
Minewater isn’t wastewater— 
it could be a major energy 
sour
Research  I

ce. Only 30 active  
minewater geothermal  
systems exist in the world, and  
one of them is at Michigan  
Tech’s Keweenaw Research  
Center (KRC), directed by Jay  
Meldrum.  

Chris Green, senior research  
engineer, oversees the KRC’s  
minewater geothermal system.  
The resource could also  
be an asset for the greater  
Keweenaw community. In  
order to understand the  
barriers, economic benefts,  
and community make-up, they  

brought on Richelle Winkler,  
a sociologist specializing in  
environment, population, and  
 BRIEFrural community development.  

The project is collaboration  
among an award-winning  
team of students from  
mechanical engineering,  
environmental policy,  
electrical engineering,  
energy development, and  
communications. They  
recently took home an award  
from the American Institute  
of Chemical Engineers’  
Youth Council on Sustainable  
Science and Technology. 

aee-mtu.org/geothermal 

HIDDEN 
ENGINEERING 
People expect their roads,  
bridges, and traffc signals to  
work, just as they also expect  
drinking water, sanitary sewers,  
culverts, and storm drainage  
systems to be invisible and  
functional. With a $4.7 million  
grant from the Environmental  
Protection Agency, Michigan  
Tech’s Center for Technology  
and Training (CTT) will expand  
how it uses continuing  
education, engineering  
software, research projects,  
and technical assistance to  
help infrastructure owners  
fgure out how to make sure  
everything works.  

Tim Colling is the director of  
the Center for Technology and  
Training and he coordinates a  
team of structural engineers,  
software engineers,  
communications specialists,  
and civil engineers. They’re  
a “helpdesk for engineers”  
running behind-the-scenes  
problem solving to keep our  
country’s infrastructure up and  
running.  

“Everybody is looking for  
that silver bullet to solve  
infrastructure problems,”  
Colling says. “People don’t  
realize that these are the  
challenges engineers deal  
with every day, and there is no  
simple solution.”   

 

 

l 
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Black 
CARBon 
Dust specks are touted for  
their insignifcance. But  
despite their small size,  
they are responsible for the  
clouds in the sky and for  
having a profound effect  
on climate. Black carbon  
particles, in particular,  
have global impact. Our  
Michigan Tech researchers  
collaborated with a team  
from the Los Alamos Nationa
Laboratory and several other  
universities to shed light  
on the complex way black  
carbon, other atmospheric  
particles, and solar radiation  
interact to affect how they  
are warming the atmosphere.
The research came out in  
Nature Communications in  
September 2015. 

Physicist Claudio Mazzoleni  
led a group of students who  
focused on the project’s  
microscopy work. The tiny  
particles of black carbon— 
basically soot—are about  

the size of  
cornstarch  
dust. They  
come from  
cooking  
fres, auto-
mobiles,  
industrial  
plants,  
wildfres  
and other  
kinds of burning, but don’t  
stick around long in the atmo-
sphere as their chemistry is  
altered. Even their brief stint  
makes for some atmospheric  
warming. Because of that,  
“Short-lived pollutants match  
up better with short-term  
political timelines,” Mazzoleni  
says.  

JAY MELDRUM, RICHELLE WINKLER, 
AND CHRIS GREEN

TIM
 C

O
LLIN

G
www.ctt.mtu.edu 

CTT ANNUALLY  
PROVIDES: 

120 continuing education  
events reaching over 5,000  
people 

24,000 hours of training 

1,800 hours of one-on-one  
technical assistance 

Black carbon 
is rarely 
plain carbon
and it often 
combines 
with other 
atmospheric
particles 
during its short
lifespan as an 
atmospheric
pollutant. 
Credit: Noopur 
Sharma 
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Drought: 
2015 
Research 
Award 
Water is perhaps the most  
controversial natural resource  
in the U.S., and Alex Meyer  
recognizes that, for all its  
controversy, it is essential to  
life and society. Mayer is the  
Charles and Patricia Nelson  
Presidential Professor in civil  
and environmental  

engineering and studies water  
resources.  

His impact in the feld earned  
him Michigan Tech’s 2015  
Research Award. Noting his  
dedication to water quality  
and scarcity research, Mayer’s  
colleagues nominated him for  
the award. 

More than his dedication  
distinguishes Mayer’s research.  
As an environmental engineer,  
he has been drawn to  
transdisciplinary research—a  

science process that builds on  
many perspectives, including  
those beyond science like  
policymakers, NGO staff, and  
community members.  

“I have to thank my  
colleagues for their patience  
as I learn about what they  
do—the languages they use in  
their disciplines, their thought  
processes and paradigms— 
it’s defnitely enriching, and  
I learn new ways to think,”  
Mayer says, adding that  
collaborators outside his  

own feld tend to ask the  
most challenging research  
questions.  

He also says transdisciplinary  
projects have made his  
research relevant.  

“Collaborating with so many  
people helped me go from  
solving pure science problems  
to solving people problems,”  
he says. 

www.mtu.edu/geo 

23 

www.mtu.edu/geo


 
 

 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 
 

 
   

 

 
 
 
 

 
 

 
 

 
 

 
 
 

 
 

 
 
 

 
 

 

 
 
 

 
 

 
 

 
 

 
 

 
 

 

 
  

 
 

 
  

 
 

  
 

 
 
 
 

 
 

 
 

LUKE BOWMAN 
AND KARI HENQUINET 

GEohazaRDS 
There is nothing soft 
about bringing a social 
scientist into physical 
science research. In the 
Interdisciplinary 2.0 world, 
antiquated divisions between 
disciplines—especially the 
“hard” and “soft”—hinder 
applied research. Instead, 
incorporating social science 
indicates a willingness to 
step into the complexity of 
real-world science and make 
people part of the equation. 

Few demonstrate this better 
than geoscientist Luke 
Bowman and ethnographer 
Kari Henquinet, who is also 
the director of Michigan 
Tech’s Peace Corps Master’s 
International program. Last 
year, the two co-authored 
a study in the Journal of 
Applied Volcanology focused 
on Bowman’s doctoral 
research. John Gierke 
and Bill Rose, geological 
engineering and sciences, 
co-advised the “social 
geology” research. 

A number of people live 
not just near volcanoes, 
but on them. For these 
communities, eruptions are 
only one of the risks—other 
geohazards like landslides, 
debris fows, and fooding 
pose more frequent threats. 

At the San Vicente Volcano 
in El Salvador, Bowman and 
colleagues from El Salvador 
and Michigan Tech analyzed 
physical data—everything 
from rainfall to slope 
stability calculations—and 
gathered social data from 

one-on-one interviews, 
community gatherings, and 
key documents. This enabled 
Bowman and Henquinet 
to look into reasons why 
people live in such hazardous 
places and to suggest more 
realistic evacuation plans 
and emergency protocols. 
With the local communities 
invested in the work, they 
could account for social 
vulnerability as well as 
geophysical vulnerability. 

www.mtu.edu/peacecorps 

NoRthern 
InstituTE 
of APPlied 
Climate 
Science 
(NIACS) 

Collaboration within 
science disciplines can be a 
challenge. This is especially 
true for academic and 
government natural resource 
scientists collaborating with 
land managers. 

It’s a classic Ivory Tower 
problem. The data gathered 
by university and agency 
researchers don’t always make 
it to the managers of federal, 
state, tribal, and private 
lands. With climate change, 

in particular, the research 
is continuously refning, 
predictions are nuanced, and 
many of the most important 
fndings are global in nature— 
diffcult to incorporate into 
a land management plan 
for just 10,000 acres within 
a specifc ecosystem. It’s a 
challenge land managers face 
across the nation. 

The Northern Institute of 
Applied Climate Science 
seeks to bridge that gap. 

The effort is a partnership 
between Michigan Tech’s 
School of Forest Resources 
and Environmental Science 
and the U.S. Forest Service. 

www.nrs.fs.fed.us/niacs 
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FITNESS 

Graduate student 
Hannah Marti, a
Portage Health
Foundation 
intern, and Travis
Wakeham (both
standing) prepare
to conduct 
an expired air
analysis as part
of their work with 
John Durocher,
assistant professor
of biological
sciences. 

VS.

FATNESS 
Does fatness affect 
health if you are fit? 

To help answer this question of national 
and local interest, John Durocher, assistant 
professor of biological sciences, is 
studying how obesity and fitness affect the 
sympathetic nervous system and arterial 
blood pressure responses to stress. 

The Centers for Disease Control and 
Prevention estimates that 78.6 million 
Americans are obese, with an annual medical 
cost of $147 billion. And, Michigan is one 
of 19 states where the population has a 
prevalence of obesity between 30 and 35 
percent. Sobering statistics like these help 
drive Durocher’s research. 

“We want to know if aerobic exercise alone, 
combined aerobic and resistance exercise, 
or a low-calorie diet, is most effective at 
reducing visceral fat and cardiovascular 
reactivity to acute stress,” he explains. “This 
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could help clarify the fitness 
vs. fatness debate: Is it more 
important for an obese person 
to gain aerobic fitness or to 
reduce body fat?” 

With the help of a team 
spanning multiple disciplines 
and organizations, including 
physiologists, kinesiologists, 
biomedical engineers, and 
mathematicians at Michigan 
Tech, radiologists at UP Health 
System-
Portage and “Is it more 

internal organs—and how 
much is subcutaneous, the fat 
just beneath the skin. Previous 
research, published in the 
journal Circulation, has shown 
that visceral fat activates the 
sympathetic nervous system, 
increasing cardiovascular risk, 
but subcutaneous abdominal 
fat does not. 

The researchers are subjecting 
obese and normal-weight 

individuals to 
physical stress— 

a nutritionist plunging their important for an
at Aspirus- hands in ice 
Keweenaw, obese person water—and 
Durocher is mental stress— to gain aerobic
working to making subjectsfitness or to determine solve arithmetic 
how obesity reduce body fat?” problems in 
and fitness 
affect blood pressure and 
sympathetic nerve responses 
to physical and mental stress. 
Durocher and his research 
team have sophisticated tests 
in their toolkit: a SphygmoCor 
applanation tonometry system, 
which uses a pressure probe 
to measure the stiffness or 
elasticity of major arteries, a 
factor linked to cardiovascular 
risk; microneurography, which 
measures the “fight-or-flight” 
response of the sympathetic 
nervous system by inserting 
a tungsten electrode into the 
peroneal nerve behind the 
knee; and expired air analysis, 
which requires the participant 
to wear a mask connected 
to equipment that quantifies 
oxygen consumption during 
graded exercise testing on a 
treadmill. 

CT and DXA scans also come 
into play. Radiologists at 
UP Health System-Portage 
worked with Durocher and 
his team to analyze the 
percentage of fat on the arms, 
legs, and trunk of test subjects 
and to determine how much 
fat in the trunk is visceral fat— 
the kind buried deep around 

their heads—to 
see how these stresses affect 
their arterial blood pressure, 
the stiffness of their arteries, 
and the response of their 
sympathetic nervous system. 

“We are examining how 
abdominal visceral fat 
influences the sympathetic 
nervous system and blood 
pressure responses during 
cognitive and cold stress,” 
Durocher explains. 

In the April 2015 issue of The 
FASEB Journal, published by 
the Federation of American 
Societies for Experimental 
Biology (FASEB), Durocher 
reported on two pilot studies 
partially funded by a Michigan 
Tech Research Excellence 
Fund seed grant. He also 
presented results at FASEB’s 
annual, multidisciplinary 
experimental biology meeting 
and will present more results at 
the 2016 Experimental Biology 
Conference in April. 

In the first study, Durocher 
and colleagues determined 
that based on body mass 
index (BMI) obese adults had 
heightened blood pressure 

Researchers 
use a variety
of tools and 
methods 
to measure 
fitness and 
fatness 
including (top) 
a SphygmoCor
applanation 
system,
(middle) 
body mass 
measurement 
system, and
(bottom) 
blood tests. 
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responses to mental stress, in those with elevated trunk 
but surprisingly had blunted fat,” Durocher says. “Obesity 
sympathetic nerve responses. around the midsection may 

actually 
In the second Previous research, prove to be 
study, a more a protective published in the
detailed mechanism in 
analysis of journal Circulation, cardiovascular 
trunk body health during has shown that 
fat was cold stress.” 
incorporated visceral fat 
to determine The third activates the 
that those study, sympathetic with high compiled 
trunk fat had nervous system, data from 
a disrupted Durocher’s increasing
relationship laboratory 
between cardiovascular risk, and that of 
changes Jason Carter, but subcutaneous 
in blood chair of the abdominal fat pressure Department 
and arterial does not. of Kinesiology 
stiffness and 
during cold stress. Integrative Physiology. This 
“We’re currently working to study is led by graduate 
understand how this disrupted student Travis Wakeham, 
relationship during stress may and is assisted by the 
influence cardiovascular risk statistical expertise of Min 

Wang, assistant professor 
of mathematical sciences 
at Michigan Tech. The aim 
of the study is to predict 
the blood pressure and 
sympathetic nerve responses 
to mental stress. It appears 
the sympathetic responses are 
best predicted by BMI, while 
blood pressure responses 
are best predicted by an 
individual’s resting blood 
pressure. 

The researchers are also 
studying the difference in 
arterial blood pressure and 
sympathetic nervous system 
responses in obese individuals 
who undergo a regimen of 
aerobic exercise, aerobic 
exercise combined with 
resistance training, or calorie 
restriction alone. 

Durocher’s first studies 
were done mostly with 
Michigan Tech students, 

faculty, and staff. He has 
actively been recruiting 
community volunteers, who 
fit his research participant 
criteria. He finds them through 
strong cooperation with local 
healthcare partners. 

Durocher’s ultimate goal is to 
identify the key physiological 
factors affecting the 
cardiovascular system. “We’d 
like to find the best lifestyle 
interventions to promote 
cardiovascular health,” he 
explains. 

John 
Durocher, 
assistant 
professor of 
biological
sciences, is
getting to 
the heart of 
how obesity
and fitness 
affect the 
sympathetic 
nervous 
system and
arterial blood 
pressure 
responses. 

For more 
information 
about the 
Portage
Health 
Foundation 
visit 
phfgive.org. 
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LIGHTING 
People’s 

individual 
response to 

colored lights 
vary, and 

Shiyan Hu and
Sarah Sun are 

developing
medical 

wearable tech 
incorporating 

both light and 
music. 

HEART RATE 

BLOOD PRESSURE 

TEMPERATURE 

SKIN TENSION 

SKIN MOISTURE 

and 

MUSIC 
Using five 
different 
songs in their 
research, Sun 
and Hu are 
analyzing
how the 
music affects 
physiological
metrics in 
order to build 
better medical 
devices and 
software 
algorithms. 
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R ed is angry. Red is 
passionate. Red is 
happy, lively, spicy and 

soothing. Wait, soothing? 
Well, for someone it might 
be. And one person’s chill-
out cyan could be another’s 
jealousy trigger, while green 
can be neutral, enlightening, 
or nauseating. Our emotional 

and physical 
responses to color 
are as varied as 
the paint-chip 
selection at the 
hardware store. 

Instead of 
deterring Sarah 
Sun and Shiyan 
Hu, that variety 
helps inspire 
their research on 
wearable medical 

tech. Sun, an assistant 
professor of mechanical 
engineering, and Hu, an 
associate professor of 
electrical and computer 
engineering, are pushing the 
edges of the spectrum in this 
new technology field. 

Beyond the
Hospital 

Imagine this: You 
like cello music 
and your favorite 
color is teal. One 
afternoon—it’s 
been a crummy 
day—a panic attack 
creeps up. Your 
heart rate picks up 

and your skin gets clammy. 
But before you start fighting 
for air, a soft teal light 
envelops you and a Yo-Yo 
Ma lullaby picks up. The cue 
to start the soothing music 
and light came from a small 
sensor, or maybe several, 
strapped to your wrist, 
ribcage, or head. Possibly, 
the whole room could join 

in with lights, speakers, and 
sensors along the walls. 

The vision for technology 
like that started as a project 
that Sun and Hu wanted to 
do to help new mothers deal 
with post-partum depression. 
Once they started, they 
realized the devices could 
have broad applications 
for a number of medical 
conditions, spanning both 
mental and physical illnesses. 

“Many people live with 
chronic diseases,” Sun 
says, pointing out that the 
Centers for Disease Control 
acknowledges that nearly 
half of the US population 
live with at least one chronic 
illness like diabetes or 
cardiovascular disease and 
one in four adults have 
multiple chronic diseases. 
“And in 2010, 86 percent of 
all healthcare expenditures 
was spent on chronic 
diseases.” 

The cost is high, estimated 
to be more than $320 billion 
for heart disease and stroke 
alone in 2015 and annually 
about one in every six US 
healthcare dollars is spent on 
cardiovascular disease. Add 
hundreds of billions more 
each for obesity, smoking, 
excessive drinking, arthritis, 
and cancer. To lower those 
costs, Sun says we need a 
transition from traditional 
in-hospital healthcare to 
preventative, proactive, out-
of-hospital care. Monitoring 
devices that pick up on 
the telltale signs of chronic 
diseases—such as rising 
blood pressure or low blood 
sugars—could help people 
be more independent, too. 

 “They could wear this 
hardware without having 
it influence their daily life 
and they could drive, walk, 

run, swim, and do what they 
want to,” Sun says, adding 
that the tech helps people 
become more aware in the 
moment of what their body is 
doing. This kind of real-time 
intervention could prevent 
more expensive and invasive 
treatments later. 

Heartbeats and Brainwaves 

A lot of people already have 
some sort of health-related 

app, wear Fitbits and digitally 
track their wellbeing. But 
good health is more than 
10,000 steps per day. To 
meet hospital standards, 
the tech needs to precisely 
replicate diagnostic tests 
like an electrocardiogram 
(ECG—heart health) or 
electroencephalogram 
(EEG—brain health). 

Shiyan Hu is
an associate 
professor of 
electrical and 
computer
engineering,
specializing in 
cybersecurity. 

Sarah Sun is 
an assistant 
professor of 
mechanical 
engineering,
specializing 
in designing
wearable 
technology. 

BLOOD 
PRESSURE 

Using Galvanic
Skin Response
(GSR) sensors,

the researchers 
monitor telltale 
signs like blood 

pressure. 
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It needs to reliably read 
blood pressure, blood sugar, 
temperature, and a number of 
other physiological factors. 

There is no silver bullet, 
although one method that 
Sun designs around shows 
promise: Galvanic Skin 
Response (GSR) sensors. 
GSR shows that people 
don’t wear their hearts on 
their sleeves, but rather their 
skin. The sensors measure 
electric conductivity through 

moisture and tension on the 
skin—a nice way of saying 
nervous sweat. With GSR and 
other wearable devices, Sun 
and Hu act as a hardware-
software team and are taking 
health monitoring to the next 
level by increasing accuracy, 
personalizing the tech, and 
refining the algorithm models. 

“However, there are a lot of 
uncertainties,” Hu cautions. 
“That’s what makes this a 
pioneering field.” 

The challenge is rooted in 
the device itself and the data 

models. A major obstacle 
is the huge variability in 
individual responses, which 
can influence the ideal 
location for the sensors. (Suzie 
Q can get away with a GSR 
wrist sensor, but Jane Doe 
needs the accuracy of armpit 
sweat.) The data also have 
to account for environmental 
factors like room temperature 
and humidity. 

The challenge makes Sun 
and Hu a perfect research 
pair. Sun focuses on the 
hardware—ensuring that the 
heartbeat is getting picked up 
accurately, for example—and 
Hu focuses on the software— 
making sure that heartbeat 
gets interpreted correctly. The 
next challenge is what to do 
with all those heartbeats and 
brainwaves. 

Crafting Algorithms 

There’s a fine balance 
between intervention and 
independence in using tech 
to help us step out of an 
anxiety storm or call attention 
to dangerously rising blood 
pressure or give us a gentle 
reminder to workout. The 
software needs to be agile, 
responsive, and smart, Hu 
says, and definitely not bossy 
or intrusive. 

“Eventually this model 
will learn each individual’s 
behavior,” Hu says, explaining 
the big picture, long-term 
goal. “Then the software will 
know what’s your favorite 
music—it can adapt and think 
like you.” 

In a way, it’s like the online 
music program Pandora. Each 
station has a seed, a music 
genre, band or artist, but the 
program wouldn’t be around 
if the music player simply 
repeated the same album. 

Instead, it relies on a massive 
database to catalogue similar 
music, refining that process 
with each thumbs up or down. 
Sun and Hu didn’t use a 
Pandora’s worth of tunes for 
their research; they narrowed 
it down to five specific 
songs, so they can hone in 
on people’s very specific 
emotional and physical 
responses measured with the 
GSR sensors. Similarly, they 
relied on the extensive body 
of literature detailing the most 
common emotional reactions 
to color. 

“Also, our software is different 
from Pandora since we rely 
exclusively on quantitative 
data,” Hu says. “You don’t get 
to like or dislike your heart 
rate, it just is.” 

Based on their research so far, 
teal and cello is a safer bet to 
calm down than orange and 
Metallica. But as the user you 
get to set your baseline. That’s 
the end goal of personalizing 
medical technology. 
Continuous feedback then 
helps teach the software 
algorithms where your like/ 
neutral/dislike boundaries 
are as well as what different 
music and colors change your 
physiological readings. 

Whether red is your soother, 
or spa-ready flute music 
sets you on edge, doesn’t 
matter. The whole spectrum is 
available. Or at least it will be 
as Sun and Hu keep rolling the 
color wheel into the wearable 
world of medical tech. 

HEART RATE 
Consistently 
and accurately
reading 
physiological
metrics such 
as heart 
rate is a key
part of Sun’s 
hardware 
development. 

COLOR 
Building in 

responses to 
color requires 

a lot of 
personalization. 

A cheery teal
and enlivening 
orange for one

person may not
be soothing to 

another. 
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TEMPERATURES 
A challenge 
for the devices 
and software 
is dealing with 
environmental 
factors;
measuring body
temperature 
reliably can be 
difficult with 
changing temps
and humidity. 

CYBER 
SECURITY 
Getting an email hacked 
is frustrating. Getting your 
bank account hacked is 
alarming. Getting your heart 
rate monitor hacked is…well, 
what is it? More and more, 
our medical data—and even 
real-time health monitoring— 
is at digital risk. For Shiyan 
Hu, an associate professor 
of electrical and computer 
engineering, cybersecurity 
is not an afterthought. In 
his research with Sarah 
Sun on wearable medical 
tech, Hu considers how to 
weave cybersecurity into the 
algorithms and hardware they 
develop. 

“We have to think, what 
benefit does a hacker get 
from obtaining health data?” 
he asks, pointing out that 
although we squirm at the 
thought of someone peeping 
at our doctor’s visits, being 
able to hack someone’s 
pacemaker could be lethal. 
Less fatal, but more lucrative, 
could be selling the data. 

To prevent these kinds 
of attacks, Hu designs 
algorithms to patch existing 
software and strengthen 
new software. The tech 
itself can be made safer as 
well by embedding secure 
communication chips that 
encode data transmitted 
from wearable sensors. And 
he says medical tech is not 
alone: Similar kinds of fixes 
need to happen across 
industries, from automobiles, 
to power grids to phones. 
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Awards OF MICHIGAN TECH RESEARCHERS 

T he prestigious Faculty Early Career Development 
(CAREER) program recognizes junior faculty across 
the nation. Awardees are the next generation of 

academic leaders. In 2015, three Michigan Tech faculty 
were honored with the award, which is administered by 
the National Science Foundation (NSF). Their projects are 
funded for five years, up to $500,000. 

For fiscal year 2015, NSF Engineering granted 146 CAREER 
awards to 81 institutions in 36 states. Principal investigators 
of these awards are 29 percent women and 9 percent 
underrepresented minorities, according to available 
demographic data. These percentages are several points 
higher than for US engineering faculty overall. 

Creating more accurate nutrient budgets and models to manage effects on nitrogen cycling 
In the world of aquatic biology, it is a long-held belief that what goes up, must come down. As human 
activity causes nitrogen loads to go up along the banks of rivers and streams, nitrogen levels go down through 
another process. Amy Marcarelli, an associate professor in biological sciences, and her team help create more 
accurate nitrogen budgets and models that are needed to better understand and manage the human effects 
on nitrogen cycling at both regional and global scales. “We want to evaluate a fundamental disconnect with our 
conceptualization of the role of nitrogen fixation in rivers,” Marcarelli explains. “Secondly, we want to integrate 
the nitrogen and other biogeochemical cycles into instruction of undergraduate ecology.” 

Finding ways to remove viruses from water and biotherapeutic drugs, purifying them for
vaccine production 
If viruses had boots, they’d be shaking in them. Researcher Caryn Heldt, an assistant professor of chemical 
engineering, tracks down viruses. She finds ways to remove them from water and biotherapeutic drugs, along 
with purifying viruses for vaccine production. With the award, Heldt and her research group will be able to 
focus more on the chemistry of virus surfaces to help develop better removal techniques. She focuses on 
technology that is used to remove viruses, particularly for vaccines, which is not like fishing a rogue bit of food 
out of a drinking glass. It’s not even like purifying bacteria in water. “Virus removal is more difficult than taking 
out bacteria; they are a lot smaller, and sometimes they can be more chemically inert,” Heldt says. 

Taking autonomous vehicles to new heights (and deeper dives) than ever before 
Autonomous vehicles can go where humans cannot. Some dive deep under the ocean, others fly high in the 
sky. Some drones are being used to respond to disaster sites, like the Nepal earthquake, as well as to power 
microgrids, to fly over battlefields, to monitor climate change, and to observe underwater biodiversity. Nina 
Mahmoudian, an assistant professor of mechanical engineering-engineering mechanics, focuses on the 
continuous operation of autonomous vehicles. In other words, she is finding ways to make these robots do 
their jobs longer with no human intervention. “Basically, what we’re looking at is creating a team of robots 
that recharge and maintain other robots,” Mahmoudian says, explaining this is called continuous operation. 
She compares the autonomous vehicle robots to a cell phone: With a limited battery charge, the battery 
dies in the middle of a conversation—but imagine if a smaller machine could swoop in and charge it. An 
autonomous vehicle’s work, or a cell phone’s call, could go on uninterrupted. 

CAREER AWARDS 

Am
y M

arcarelli 
Caryn H

eldt 
N

ina M
ahm

oudian 
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T wo Michigan Tech 
researchers were 
honored with 

the annual Bhakta Rath 
Research Award. The 
award was established in 
2010 by an endowment 
from Bhakta B. Rath and 
his wife Sushama Rath. 
Rath (‘58) dedicated 
much of his career to 
promoting science, 
engineering, and research. 
Each year a Michigan 
Tech PhD graduate 
student and his or her 
advisor are recognized for 
“exceptional scientific and 
technological research in 
anticipation of the future 
needs of the nation while 
supporting potential 
advances in emerging 
technology.” 

RATH AWARD 

Wind turbines appear simple, but it is the 
complex engineering behind the technology 
that makes harnessing the wind seem like a 
breeze. Bridging the gap between mechanical 

details and large-scale 
infrastructure needs of wind 
turbine technology is no easy 
feat. But that’s the research 
focus of Antonio Velazquez, 
who earned his PhD from 
Michigan Tech, and Assistant 
Professor R. Andrew Swartz, 
Velazquez’s advisor in civil and 
environmental engineering. 
Their forward-thinking 
research on better monitoring 
systems for wind turbines 
earned the duo this year’s 
Bhakta Rath Research Award. 
Velazquez says the award is 

an honor and a reflection of their hard work, 
which was published in high impact journals, 
including the Journal of Sound and Vibration 
and the Journal of Intelligent Material 

Systems and Structures. The research 
focused mostly on using wireless sensors to 
monitor the structural integrity and efficiency 
of wind turbines. “There are the obvious 
safety implications,” Swartz said of applying 
the models to ensure the turbines are safe 
to use and work on. But he explains they can 
also help with more nuanced monitoring for 
preventive care to reduce the economic risks 
that come along with these structures. “With 
the blades and the gear boxes, there’s a lot 
of moving parts that are very big, and they 
degrade over time and in random ways.” 

www.mtu.edu/research/archives/awards/rath 

Antonio 
Velazquez and 
R. Andrew 
Swartz 
received this 
year’s Bhakta 
Rath Research 
Award for 
their civil 
engineering
research on 
renewable 
energy 
infrastructure. 

These palm-
sized sensors 
help prevent 
damage with 
real-time 
monitoring
and structural 
assessments. 
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Research Centers and Institutes 
Advanced Power Systems Research Center (APSRC) 
apslabs.me.mtu.edu 
Director: Jeff Naber 
Mechanical Engineering-Engineering Mechanics 
jnaber@mtu.edu 

Advanced Sustainable Iron and Steel Center (ASISC)
www.chem.mtu.edu/asisc 
Director: S. Komar Kawatra 
Chemical Engineering 
skkawatr@mtu.edu 

Center for Agile and Interconnected Microgrids (AIM)
www.aim.mtu.edu 
Director: Gordon Parker 
Mechanical Engineering-Engineering Mechanics 
ggparker@mtu.edu 

Center for Leadership and Innovation for
Transformation (LIFT)
www.mtu.edu/research/about/centers-institutes/lift 
Director: Lorelle Meadows 
Pavlis Honors College 
lameadows@mtu.edu 

The Elizabeth and Richard Henes Center for Quantum 
Phenomena (CQP)
Director: Jacek Borysow 
Physics 
jborysow@mtu.edu 

Center for Technology and Training (CTT)
www.ctt.mtu.edu 
Director: Tim Colling 
tkcollin@mtu.edu 

Center for Water and Society (CWS)
www.mtcws.mtu.edu 
Director: Noel Urban 
Civil and Environmental Engineering 
nurban@mtu.edu 

Computational Science and Engineering Research
Institute (CSERI)
www.mtu.edu/research/about/centers-institutes/cseri 
Director: Warren Perger 
Electrical and Computer Engineering 
wfp@mtu.edu 

Earth, Planetary, and Space Sciences Institute (EPSSI)
www.mtu.edu/epssi 
Director: Will Cantrell 
Physics 
cantrell@mtu.edu 

Ecosystem Science Center (ESC)
www.mtu.edu/forest/esc 
Director: Andrew Burton 
School of Forest Resources and Environmental Science 
ajburton@mtu.edu 

Great Lakes Research Center (GLRC)
www.mtu.edu/greatlakes 
Director: Guy Meadows 
Geological and Mining Engineering and Sciences 
gmeadows@mtu.edu 

Institute of Computing and Cybersystems (ICC)
www.icc.mtu.edu 
Director: Min Song 
Computer Science 
mins@mtu.edu 

Institute of Materials Processing (IMP)
www.mtu.edu/research/about/centers-institutes/imp 
Director: Stephen Kampe 
Materials Science and Engineering 
kampe@mtu.edu 

Keweenaw Research Center (KRC)
www.mtukrc.org 
Director: Jay Meldrum 
jmeldrum@mtu.edu 

Life Science and Technology Institute (LSTI)
www.lsti.mtu.edu 
Director: Victor Busov 
School of Forest Resources and Environmental Science 
vbusov@mtu.edu 

Michigan Tech Research Institute (MTRI)
www.mtri.org 
Co-directors: Robert Shuchman and Nikola Subotic 
shuchman@mtu.edu 
nsubotic@mtu.edu 

Michigan Tech Transportation Institute (MTTI)
www.mtti.mtu.edu 
Director: Ralph Hodek 
Civil and Environmental Engineering 
rjhodek@mtu.edu 

Multi-Scale Technologies Institute (MuSTI)
www.mtu.edu/research/about/centers-institutes/musti 
Director: Craig Friedrich 
Mechanical Engineering-Engineering Mechanics 
craig@mtu.edu 

Pre-College Innovative Outreach Institute (PIOI)
www.mtu.edu/pioi 
Director: Cody Kangas 
Center for Pre-College Outreach 
ckangas@mtu.edu 

Research and Innovation in Stem Education Institute (RISE)
Director: Susan Amato-Henderson 
Cognitive and Learning Sciences 
slamato@mtu.edu 

Sustainable Futures Institute (SFI) 
www.sf.mtu.edu 
Director: David Shonnard 
Chemical Engineering 
drshonna@mtu.edu 
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Research and Sponsored Activity 
All other sponsors 2% 

Foreign 2% Crowdfunding <1% 
US Department 
of Energy 2% State of Michigan 5% Federal 64% 

SPONSORED AWARDS 
FISCAL YEAR 2015 

Gifts 12% 

US Department of 
Transportation 7% Industry 15% 

Other Federal US Department of 
Agencies 4% Education <1% 

National Aeronautics and 
Space Administration 6% 

US Department of 
US Department of Health Defense 33% 
and Human Services 7% 

FEDERAL AWARDS 
FISCAL YEAR 2015 

US Department of 
Agriculture 8% 

National Science 
Foundation 33% RESEARCH EXPENDITURES 

(in millions of dollars) 72.070.0 70.7 69.6 

60.4 60.4 
63.5 

68.5 

Arts, Humanities, 
Business, and Education 

Science and 
Engineering 

2008 2009 2010 2011 2012 2013 2014 2015 

2014 invention disclosures per 
$10 million of research expenditures
(Compared to benchmark expenditures) 

2014 invention disclosures per 
$10 million of research expenditures
(Compared to other Michigan universities) 

Michigan Tech 

Georgia Institute of Technology 

Stanford University 

Lehigh University 

University of Minnesota 3.8 

4.5 

5.4 

4.9 

6.6 Michigan Tech 

Michigan State 

University of 
Michigan 

Wayne State 
University 

2.5 

3.2 

2.8 

6.6 
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