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Curve
It’s not easy turning dense, complex top-
ics into dynamic learning experiences. Yet 
that’s exactly what Institute instructors are 
tasked to do, and wielding subject-mat-
ter expertise alone isn’t enough. To grab 
and keep the attention of today’s stu-
dents, Georgia Tech faculty members have 
to deploy all the educational weapons 
in their arsenal, from unorthodox teach-
ing techniques to pop culture analogies 

to a healthy dose of humor. Judging by 
the results—record retention rates, top 
university rankings, increasing alumni suc-
cess—they’re among the best in the world 
at it. Want to see for yourself? Here are nine 
quick lessons that give you a peek at what’s 
going on inside the classrooms and labs at 
Tech—as well as outside in the real world. 
We could really learn a thing or two from 
these Ramblin’ Wrecks. 

Nine enlightening 
lessons from Tech faculty, 

alumni & students

Explaining how the digestive biome works. 
Calculating the financial value of a business.  
Investigating ways to fix urban traffic problems. 
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YOU ARE SITTING IN TRAFFIC—taillights 
as far as the eye can see—and the first thing 
that comes to mind is “Why aren’t there more 
lanes on this road?” Sure, anything can be 
paved over, but it isn’t going to make that traf-
fic move any faster. 

Our desire to travel comes from a need 
to participate in some activity, not from the 
sheer displeasure of weaving in and out of 

traffic. This is what transportation planners 
call derived demand. Our demand for travel 
is derived from our need to eat at the Waffle 
House, shop at Lenox Square or eventually, 
go to work. The nature of travel means that 
things like congestion are a result of econom-
ic activity. This is a good thing, until it’s not. 

In major cities around the world, drivers 
spend well over two full days per year just 

sitting in congestion. While the quick “so-
lution” to this growing problem may seem 
obvious—build more roads—it’s a misguid-
ed approach that has brought us to where 
we are today. 

When we add lanes to already-congested 
roads, three changes in travel behavior lead 
to even worse traffic. 

First, drivers change their route to the 
newly expanded road. Drivers will come from 
all around, including some who previously 
left the road in search of faster routes, to take 
advantage of the new road capacity. Second, 
drivers who previously decided to travel at 
less convenient times, say at 9:30 a.m. rather 

than 8:30, will switch back to their old travel 
time. Finally, those that abandoned driving and 
moved to public transportation will, in many 
cases, revert back to driving. We saw this in  
Atlanta with the recent I-85 bridge collapse 
and the sudden rise, then fall, in MARTA rid-
ership. This phenomena is called triple 
convergence or more academically, the Pigou-
Knight-Downs paradox and it is the reason that 
building more roads only adds to congestion. 

A more salient approach, though often 
politically undesirable, is to ignore or even 
encourage congestion. The more our roads 
clog with traffic, the more attractive become 
alternative modes of transportation like walk-
ing, biking and maybe even public buses and 
trains. People work harder to optimize their 
travel. Politicians move to fund non-auto 
infrastructure and better public transit. Con-
gestion is a sign of a robust economy. We can 
either address the issue by providing mean-
ingful alternatives to driving or we can put 
everyone out of work. Either one can effec-
tively reduce traffic.

PICTURE THIS: James Bond has snuck 
onto a transport plane in midflight and finds 
the plane’s belly loaded with bad guys. De-
spite his skills at armed combat, 007 is vastly 
outnumbered. He raises his Walther PPK… 
and uses it to push the button that opens 
the rear loading door. As every last bad guy is 
sucked out of the plane, we cut to Bond relax-
ing alone against the wall, seatbelt fastened.

Now imagine that this is a real life thrill-
er and the bad guy has 007’s tricks up his 
sleeve—and all the characters are microbes. 
Our bellies (guts) are loaded with trillions of 
health-promoting “good” microbes that can 
sometimes be overrun by small numbers of 
harmful ones that enter our bodies in food or 
drink. One such invader is Vibrio cholerae. In 

fact, over 1 million cases of cholera disease 
have been reported in Yemen alone since 
2015, when their civil war began and sewer 
system damage forced people to drink un-
clean water carrying this dangerous microbe.

To control  these and other infec-
tions, scientists need to understand how 
unwanted visitors kick out our bodies’ pro-
tective microbial partners. Simple studies 
on “2-D” petri dish surfaces show that Vib-
rios and many other microbes can pierce 
neighboring cells with a spear and kill 
them. This weapon is called a Type 6 Se-
cretion System, and is an apparatus for 
delivering toxic proteins into cells. 

Georgia Tech is becoming a leader in 
research understanding the dynamic 

interactions of microbes important in hu-
man and environmental health. The Type 6 

How NOT to Solve Our  
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Good Gut Germs: The James Bond of Microbes
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THE SCIENTIFIC METHOD is fundamen-
tal to the process of science, but it’s often 
misunderstood and almost universally re-
ceived with groans from students. Here’s a 
fun way that I like to approach it in my labo-
ratory courses.

Let’s say you’re taking a much-needed 
break from class, strolling through Pied-
mont Park, and you notice that a lot of people 
have their dogs with them.  And then you no-
tice that all the dog-walkers seem to have 
these relaxed smiles on their faces. You’ve 
just made an observation.  “Hey,” you think to 
yourself, “maybe puppies make people hap-
py.” And now you’ve articulated a hypothesis 
to explain that observation.

But how do you know if your hypothesis re-
ally explains what you just observed? Maybe 
something else is going on, so how could you 
figure it out? 

At this point I would ask the students in my 
class to pair up and come up with as many 
ways as they can think of to test the idea that 
puppies make people happy. After polling 
the teams, I’ll typically hear answers such as: 

• Survey dog-owners and non-dog own-
ers for happiness level (an observational 
study), or

• Give one group of people some puppies 
to play with and another group no puppies, 
and then see how happy they are (a manip-
ulative study).

We’ll collect these ideas on the board 
and then choose one to flesh out. How many 

people will we sample? Are 10 enough, 
or do we need a hundred, or a thou-
sand? How long will they interact with 
the puppy? Is it one puppy, or many 
puppies? 

How will we measure “happiness”? 
Will it be self-report, the number of 
smiles in a given time period, endorphin 
levels or cortisol levels, activity in differ-
ent regions of the brain? 

When will we measure happiness? 
While the person is playing with the 
puppy, an hour later, a day later, a week 
later? 

What is the right negative control? 
No puppy, a picture of a puppy, a toy 
puppy, a different type of animal? 

What if it’s not puppies per se, but any type 
of pet? Should we test kittens, hamsters and 
goldfish too? 

All these details are the experimental  
design, or the specific way that you choose to 
test the hypothesis.

We could test this single hypothesis 
with thousands of different experimental 
designs, and each of them will result in a 
different prediction, or the specific out-
come we would expect to see using that 
particular experimental design. For ex-
ample, “people who own dogs will report 
higher levels of happiness than those who 
do not own dogs,”or “people who interact 
with a puppy for half an hour will have low-
er cortisol levels than those who do not 

interact with a puppy.”
And if many different experimental de-

signs with different predictions yield similar 
conclusions, we can become more confident 
in our hypothesis that puppies make people 
happy, and perhaps integrate it into larger 
theories to explain human happiness.

This exercise may seem like a silly, simple 
approach to explaining the scientific meth-
od, but I’ve had multiple students recall it as 
a memorable experience well after the class 
is over. So while I have not designed a robust 
experimental design to test my hypothesis 
that this exercise helps students master then 
scientific method, my preliminary observa-
tions suggest that it helps.

[Shana Kerr is one of our “Transcendent 
Teachers,” profiled on page 50.]

Ejee^Zh�BV`Z�EZdeaZ�=Veen/�6�BZbdgVWaZ�
>cigdYjXi^dc�id�i]Z�HX^Zci^ÃX�BZi]dY

BY SHANA KERR, BIO 02  |  SENIOR ACADEMIC PROFESSIONAL OF BIOLOGICAL SCIENCES

weapon is one of many factors being studied 
by microbial researchers at Tech and else-
where using a combination of experimental 
and computational methods. One important 
question is to determine if and how this Type 
6 weapon is being wielded by bacteria in the 
complex “3-D” human gut.  One major chal-
lenge for scientists is our inability to directly 
see microbes during an infection. Humans 
are not see-through after all—but baby  
zebrafish are.

Since Vibrios also thrive in the guts of 

fish, scientists have begun infecting ze-
brafish larvae with glow-in-the dark 
versions of bacteria to view live microbes 
in live fish with a microscope. My lab (the 
Hammer Lab) in the School of Biological 
Sciences, with help from a group at the 
University of Oregon, recently discovered 
that this nasty Vibrio does use its Type 6 
spear to rapidly and effectively eliminate 
gut residents. But it does so in an unex-
pected way. 

Rather than directly killing each of the many 

resident microbes, Vibrio pokes the lining of 
the gut. The fish responds to this irritation 
with massive contractions that squeeze good 
residents from the gut and leave the Vibrios be-
hind. As it turns out, the T6 weapon is more like 
a Swiss army knife, and in this case the cork-
screw—and not the poison-coated blade—is 
the essential tool for the job. 

Despite no help from Q, 007’s master of 
gadgets, my group and others are working to 
repurpose this germ’s weapon to use it as a tool 
against other body invaders.
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EVER WANTED TO COMBINE FINANCE 
WITH FOOTBALL?  Now you can!   

First, let’s tackle the finance.  
Ever wondered how a firm is valued by analysts 

or other market participants? One way is based on 
discounted cash flow (DCF) analysis. Suppose a 
money machine (you know, those magic boxes 
that just appear for all of us, ha!) gave out $110 one 
year from now. If your required return is 10 percent 
(your next best alternative in terms of returns), 
that money machine is worth $100 today (by sim-
ply taking $110 and dividing it by (1+.10).  

Valuing a firm is very similar. First we need 
to estimate the cash flows that the firm pro-
duces, called “Free cash flows from the firm” 
or FCF.  Then we need to discount them by 
the firm’s required return. The firm is a sort 
of “money machine”—the assets of the firm 
produces cash flows. 

Simply put, we need to do this:
Value of Firm = FCF1/(1+r)1 + FCF2/

(1+r)2 + FCF∞/(1+r)∞
What is the firm’s required return? It’s a 

weighted average of what debt-holders and 

equity-holders require (with some other adjust-
ments for taxes). The cells below capture the 
relation between the cash flow producing as-
sets and the required returns of the claimants.  

JORGE CHAM, perhaps best known for his nationally syndicated 
comic series Piled Higher and Deeper (PHD), teamed up with physi-
cist Daniel Whiteson to create a new book We Have No Idea: A Guide 

to the Unknown Universe and website (www.wehavenoidea.com), 
an irreverent but educational look at many of the universe’s myster-
ies. Here’s a sample:

Add`^c\�Vi�i]Z�BnhiZg^Zh�d[�i]Z�Jc^kZghZ
 
BY JORGE CHAM, ME 97, AND DANIEL WHITESON  |  AUTHORS OF WE HAVE NO IDEA: A GUIDE TO THE UNKNOWN UNIVERSE
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BY JACQUELINE GARNER  |  LECTURER OF FINANCE
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ASSETS

Produce the cash 
flows (FCF’s)

We then discount FCFs at the required re-
turn of the claimants to obtain the value of 
the firm’s assets.

DEBT +  EQUITY

Gives the capital to 
buy the assets
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MANY EVERYDAY OBJECTS have symmetry: butterflies, ceiling 
fans, faces, vases and more.

Finding symmetric objects and describing their symmetries is a 
favorite activity of mathematicians. We especially like it when very dif-
ferent looking objects turn out to be symmetric in the same way, like a 
rectangle and a diamond (fig. 5A).

We also like to understand how symmetries of an object interact with 
each other. For example, if you flip a rectangle left-right and then flip it 
up-down, the end result is the same as if you had rotated it a half turn. 
Mathematicians call an interacting collection of symmetries a group.

I’ve just finished my third year in Georgia Tech’s math PhD program. 
My advisor is Professor Dan Margalit. We study the symmetries of sur-

faces like those of a donut or of 
a pretzel. The surfaces we study 
can be described by the num-
ber of holes they have. A donut 
has one hole, while a pretzel 
has three (fig. 5B). The techni-
cal term for these symmetries is 
the mapping class group of the 
surface.

Some of the symmetries 
of surfaces are easy to see: 
they’re flips or rotations, just 
like for the rectangle and the 

diamond. Other symmetries of surfaces are more hidden and in-
volve twists and stretches. 

Now for any object, certain collections of symmetries can be 
used as building blocks to create all of the object’s symmetries. For 
instance, we can use only flips to create all of the symmetries of a rect-
angle, since we have seen that a rotation can be formed by doing one 

flip and then another. Any build-
ing-block collection is called a 
generating set for a group.

Professor Margalit and I recent-
ly proved that there are many ways 
to build special generating sets for 
mapping class groups where all of 
the included symmetries look the 
same. Notice that our generating 
set for the symmetries of the rect-
angle does not have this property, 
since it includes a “short” flip and 
a “long” flip. There were only a few 
look-alike rotation generating sets 
for mapping class groups known 
before, and there were no known 

look-alike stretch generating sets. We built lots of examples of each. 
Our results shed light on the structure of the symmetries of surfaces and 
open the door to new questions about how these symmetries interact.

Symmetries of surfaces are rich and mysterious. They are still 
surprising mathematicians after nearly 100 years of intense study. 
Surface symmetries also connect to many other parts of mathematics, 
like constructing and classifying three- and four-dimensional ob-
jects. And while these ideas may at first seem removed from the “real 
world,” they in fact are just a few small steps away from the planning 
that goes into optimizing mixing rates in industrial processes and even 
into designing quantum computers.

You can read more about our results in our paper, “Normal genera-
tors for mapping class groups are abundant.” You might enjoy flipping 
through it while noshing on a donut. Flipping the donut is optional, but 
strongly recommended. Bon appetit!

BVee^c\�i]Z�HnbbZign�d[�V�9dcji�
 
BY JUSTIN LANIER  |  DOCTORAL STUDENT IN MATHEMATICS
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FIG. 5A

FIG. 5B

 Once we value the firm’s assets, 
we can deduct debt, and obtain a per 
share price for equity. Using sensitiv-
ity analysis, we can obtain a range of 
per share prices, based on changes in 
assumptions.  

Other ways to value a firm’s equi-
ty include using a competitor’s ratio 
such as the price-to-book (P/B) ratio 
or price-to-earnings (P/E) and apply-
ing it to the firm of interest.  Suppose 
a competitor’s P/E ratio is 25, and your 
firm’s earnings per share are $2.35.  

Then the implied equity share price 
for your firm, based on your competi-
tor’s P/E ratio is: P/$2.35 = 25. Solve for 
P and obtain P = $58.75.  Of course, we 
can compute several implied prices 

based on many competitors.
Now, are you ( finally) ready for 

some football? 
Once we have our stock prices, we 

can graph them in a “football field,” 
a chart that, when graphed, appears 
like a gridiron. This gives a visual pic-
ture of the range of prices obtained 
from various models.

Now we have a range of prices for dif-
ferent valuation techniques (often, we 
will utilize more than three techniques). 
The techniques/models utilized here all 
agree on a price between around $50 and 
$60, yet the range of prices is quite large.

[Jacqueline Garner is one of our 
“Transcendent Teachers,” profiled on 
page 58.]

FOOTBALL FIELD ANALYSIS 
VALUE OF THE FIRM’S PER SHARE PRICE
 

DCF

P/B

P/E

$           $30.00           $60.00           $90.00           $120.00
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BY SOLEEN KARIM, ARCH 12, M ARCH 15, M CRP 15  |  CO-FOUNDER, VICE PRESIDENT AND 
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IN MY ONLINE MASTER’S IN COMPUTER  
SCIENCE CLASS ON ARTIFICIAL INTEL-
LIGENCE,  we have a message board where 
students can ask questions. Below are two 
sample questions paired with answers from 
my teaching assistants.

Q1: Is it the case that only basic problems 
have the problem text data available?
A1: There are no verbal representations of Chal-
lenge problems. They’ll only be run as visual 
problems. But you’re welcome to write your 
own verbal representations to try them out!

Q2: Is it permissible for Project 3 to be in a 
different language than our Project 1 and 2 
submissions? (from Java to Python).
A2: Yes, you may switch between the two 
languages from one project to the next with 
no problem.

Now, the answer to one question was giv-
en by a human teaching assistant, while the 
answer to the other was produced by the AI 
teaching assistant Jill Watson. Which an-
swer do you think Jill provided?

It’s not easy to pick out, is it? That is the 
point: Jill can produce answers of a quali-
ty that make it hard to identify that Jill is a 
virtual agent. In fact, many students have 
difficulty in detecting Jill’s true identity. (By 
the way, these examples indicate the types 
of questions Jill can answer.)

Not that it matters very much, but Jill 
produced the answer to the first ques-
tion above. Why doesn’t it matter much?  
Because a human teaching assistant actu-
ally wrote both answers. In the case of the 
second question, the human wrote the an-
swer in real time; for the first question, a 
human wrote the answer, my research team 

stored the question-answer pair in Jill’s 
memory, and she then reproduced the an-
swer at the right time. 

Does that make Jill any less interesting?  
[Ashok Goel is one of our “Transcendent 

Teachers,” profiled on page 49.]

BEING A REFUGEE from an oppressive or war-
torn nation can literally turn your world upside 
down, but at the same time you move forward 
with a much greater sense of hope than you 
could ever face in a war zone. I should know: 
My family were refugees who sought asylum 
and settled in Clarkston, Ga., and my sister 
and I eventually benefited from the opportuni-
ties we found in the United States. 

However, finding asylum in a new country 
isn’t a given, not even if you land in the most 
liberal of democracies. In fact, it’s becom-
ing more difficult as the refugee question has 

become an increasing hot-button of nation-
alist politics. Asylum is a drawn-out, difficult 
process filled with obstacles and uncertain-
ties all along the way.

Fleeing your home is the first and scar-
iest journey, and this is usually done by 
finding people who will smuggle you out of 
your home nation. It’s a true test of survival. 
If you safely make it—and many don’t—to a 
United Nations country, your next step is to 
register with the United Nations High Com-
mission for Refugees (UNHCR) to begin the 
process of resettlement. The wait times can 

be anywhere from two to 20 years.
Refugees do not decide where they are re-

settled. Instead, this is based on a lottery 
system of countries that accept refugees. 
During this waiting period, interviews and 
medical examinations are conducted. While 
this is happening, you do not have any rights 
in their host country and often live in poor 
conditions (refugee camps or a spare room in 
someon’s home) with limited access to shel-
ter, food, employment and medical care. 

Even once you’re accepted to a new host 
country, numerous challenges remain. During 

Ede�Fj^o/�8Vc�Ndj�IZaa�V�=jbVc� 
IZVX]^c\�6hh^hiVci�[gdb�V�K^gijVa�DcZ4
 
BY ASHOK K. GOEL  |  PROFESSOR OF COMPUTER SCIENCE
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WOULD YOU CHANGE your genetic code if 
you could? Such a question used to be nothing 
more than a fantasy or interesting conversa-
tion starter. But for Georgia Tech students in 
biomedical engineering and related fields to-
day, it’s a reality they’re studying closely. 

For almost two decades, ever since the 
Human Genome Project was completed, we 
have had the ability to “read” our own genetic 
information. In fact, it’s become quite com-
monplace: Services such as Ancestry.com, 
23andme and other companies offer inex-
pensive home genetics tests that tell us about 
ourselves and our ancestors. The Human 
Genome Project also paved the way for ad-
ministering new types of precision therapies. 
Think about cancer treatments. Chemother-
apy, radiation and surgery were long the only 
major options. Today, gene therapies are be-
ing designed to pinpoint specific mutations.

Reading the genome is one thing. Re-writ-
ing the genome at will is another. Fifteen years 
ago, the idea of editing the genome was the 
stuff of science fiction. Now it’s easy. Cutting-
edge technologies enable scientists to take a 
genetic sequence and change it. Gene editing 
has already been used to treat some liver dis-
eases, as well as HIV/AIDS in humans. Clinical 
trials for cancer, blindness and other diseases 
will be initiated soon. 

So how does gene editing work? There are a 
few ways to edit the genome, but we will focus 
on CRISPR (Clustered Regularly Interspaced 
Short Palindromic Repeats). Think of CRISPR as 
a bacterial defense system. Bacteria and virus-
es have been fighting each other for billions of 
years. Viruses attack bacteria by injecting their 
DNA into the bacteria. So the bacteria evolved 
a way to 1) remember the sequence of the vi-
ral DNA, and 2) delete that sequence if the 
bacteria was attacked again. Think of it as a vi-
rus-attacking vaccine designed by the bacteria 
to protect itself. Genome engineers like myself 
have taken the system out of the bacteria and 
reengineered it so it deletes mutated DNA se-
quences in human cells. We use this to treat 
cancer and other diseases. If you want to de-
lete gene X or Y, we can remove either or both.

You may have heard of CRISPR already. It’s 
been on the cover of Time magazine and The 
Economist, featured on TV’s 60 Minutes and 
headlined numerous news stories. The atten-
tion-grabbing focus of many of these pieces is 
on editing human embryos to create so-called 
“designer babies.” This sounds alarming on 
the surface, but to make a long story short, it 
will simply not happen. Why? If you have a ge-
netic disease in your family (like Huntington’s), 
you don’t need gene editing to erase the dis-
ease. Techniques like in vitro fertilization with 

pre-implantation genetic diagnosis (IVF with 
PGD) is already a proven way to ensure your 
child will not have it.

So what kind of genetic world will current 
Georgia Tech students inherit? A world where 
we can easily read and re-write the genome. A 
world where CRISPR is used to study and treat 
genetic mutations. And a world where scientists 
have a responsibility to discuss this technology 
openly and publicly with everyone it will affect. 
Thankfully, Tech students will become some of 
the foremost leaders in this field—they are in-
telligent, thoughtful and virtuous, and they will 
help reshape medicine for the better. 

[James Dahlman is one of our “Transcen-
dent Teachers,” profiled on page 56.]

the resettlement process, very little support 
is provided. For example, today in the U.S., 
there is an eight-month welfare and food 
stamp assistance period, which ends when 
one household member finds employment. 

To keep costs down, refugees are usually 
resettled into low-income, affordable hous-
ing. The apartment complexes are often 
overcrowded, unsanitary and poorly main-
tained. Despite such conditions, refugees 
lose all government benefits if they move out 
of the jurisdiction they are placed in within 
the first eight months of resettlement. 

To be sure, it is difficult leaving your home, 
your family and your friends for an uncer-
tain future. Refugees leave their war-torn 
regions for a better life and often the “Amer-
ican Dream” they see in films. But this dream 
is extremely hard to attain for that first gen-
eration, and it’s still difficult to navigate for 
the second generation trying to straddle 
dual cultures. Many are not afforded the op-
portunities to reach the dreams. But their 
perseverance and grit to strive toward it ev-
ery day, despite the obstacles they face, 
make this country stronger.  

Why Gene Editing is No Longer  
the Stuff of Science Fiction
 
BY JAMES DAHLMAN  |  ASSISTANT PROFESSOR OF BIOMEDICAL ENGINEERING
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