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From the Editors

ow, and in what manner, should undergraduates engage in rescarch?

When we asked our readers this question n our letter from the editors

for the Fall 2011 issue of Journal of Undergraduate Research, we did not
expect to receive such a variety of responses in our submissions. Our journal has
always been committed to secking and publishing work from all ficlds of study, so the
divessiry in topics in our Spring 2012 issue should come as no surprise.
Yet in keeping with the incressed involvement of undergraduates in rescarch driven
projects, this 1ssue cncompasses a new diversity in our authors’ zesearch methods and
motivations. In these pages our readers will expesience discoveries that came about
thiough cultural immersion, laboratory experimentation, and computer simulation
modeling What 1s most striking about the collection of topics presented here is the
degree to which technology has played a 1ole in reaching new conclusions and going
beyond the boundaries of past research. Whether rechnology brings about increased
cultural awareness and casc of travel, more precise scientific techniques, or the ability
to mathematically reconstruct ancient architecture, its role in the undergraduate
research experience cannot be denied. We can only hope thart next year’s volumes wall
continue the trends we have started this year in broadening our readers’ view of what
constitutes research.

Sincerely,

Sthuthi oDavld and Camezon otad’olnt
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Profesor Interview

STUART V.

juz: Could you tell us a little abour your educational and
professional hackground?

Jordan: T went to Dartmouth College and graduated in 1998, 1

worked for ahout four years as a social worker 1 a non profit
that provided housing for homeless familics, and then 1 went
back to school to get 2 masters in public policy. While T was
getting my masters degree, I was exposed to some rescarch

in political science, fell in love with it and deaided 1o get my
Ph.1) in political science., So, T entered the program i political
economy at Princeton in 2002, started (his jobn the fall of
2006, and got my Ph.D in 2007. T do a mixtuze of work; my
primary intercst is in bureaucracies, in particular, government
burcaucracies that administer government programs, but I have
some intercst in law and courts as well.

Jur: When did you first participate i academic rescarch, and did
You do any duting your underpraduate vears?

Jordan:1did. As an undergrad, I majored in psychology and

minored n education, and I worked very closcly with a professor
mn the education department, He was doing tescarch on moral
development, basically, the way that people change over time in
their lives in the way that they think about moral problems, and
he had donc hundreds of interviews with college undergraduates
in particular. [Hc was working with 2 theoretical framework
which elassified and named stages of moral development and
named stages of moral development, and the goal of the project
I was working on with him on was 1 code the transcripts of
these interviews according to the appearance of traits that

are considered 1o be characteristic of one stage of moral
development or another. So, T did all of this coding for him
during my junior or senior year; it was probably a 20 hour a week
job or something like that.

jur: You mentioned that you worked as a social worker and that
you did work i psychology. Does that in any way mform the
work that you do now?

Jordan: Yes and no. | think oy majoring in psychology was

daiven by a desize to help people. T wanted to {ind a way my
life 10 help people around me; that was the hottom line, and

|
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JOrRDAN, PH.D.

Assistant Professor of Political Science

that’s why [ went into this job in social work. Ultmarely, I went
back to school because in my own personal experience on the
job, [ began to doubt my ability to help people in that way, to be
the most effective T could be as a direct sexvice provider. I went
back to school with the intent of getting into management or
research and 10 try to undesstand what would make programs
better, whal would make them more effective, what would make
them more helpful to their clients. One of the frustrations |
cxperienced when T was working was the lack of sclf evaluation
by programs that tried to help folks. There was very littie
questioning among people who worked on the front linc. Maybe
more importantly, people who worked in upper management
and in the funding agencics never asked, “is what we're doing
actually helping the people that we'se trying 1o help?” | mean,

i some cases it scemed to me that it was possible that some of
these things would make people worse off, There’s very litde
questioning aboul that and thar troubled me; I went back to
graduate school hoping to develop the ability to be more critical
of these programs and (o do research that would ac tually ask
these questions. Bur I also went being troubled by this lack of
cifical ness in these organizations, this lack of being concerned
about even checking whether or not things were doing good
and wondenng why that was. Why 1s it that this docsn’t happen?
Well my instinct was politics, but beyond saying something
vague like that T couldn’t say much. What is it about the political
process, the process of allocating funding across organizations,
the process of deading the design or the policies that these
programs are going to tmplement? What is it about that process
that inhibits these kinds of hard questions about whether we're
really doing good or not from being asked? I'har’s what led me
to this work now Understanding how information is shared,
transteszed, and generated 1n the implementation of govemnment
programs has been 2 major theme 1n my research. 1°d say that
another thing that’s important in the work that I did and in
forming what I do now 1s that 1t helps me to keep in mind that
at least for me, when I think abour government and what 11 docs,
when I think abour pohucs, what really matters to me 1s how it
affects people on the ground So, I tend 1o be pretty uninterested
1 things ke “who wins the presrdental clection;” it's much




moze important for me 1o understand what government looks
ke from the point of view of the person who'’s applying for,
say, disability bencfits or worker’s compensation, or the person
who 1s being arrested by the police, or the person who is trying
o sue their landlord over a failure to provide something under
2 rental contract. I would think of it like the tip of the spear of
government is what matters to me. I try to keep that front and
center in my mind when I do reseasch.

rur: It seems bke a Jot of your work is drven from your interest
= helping people. What do you think of the ability of political
scrence research to actually have such an influence?

Jordan: (fanghs) In some ways I came in with that question: why
doesn’t rescarch get done, why doesn’t research that would

zell us whether these programs work get done, and, when it3s
done, why don't people pay attention to it? | came with those
questions, and what drove me into graduate school in the first
place was [ wanred answers to those questions. I have better
deas now about why that is true, but it’s more clear to me now
than ever that it is true. [n other words, that research doesn’t
get done that would actually answer these hard questons. When
it s done, most of the ume, 1t 15 ignored or it’s misused. That's
a political fact about the world, and T am powerless to change
1, not just because I am a political scientist, but because by
definition a political system 1s a system in which people with
different interests aze competing for scarce resources, and part
of what pcople do when they’re competing for scarce resousces
15 they're very careful to control information and to control
their image, and that’s just a fact 2bout human existence, there’s
nothing that’s going to change that. And so the ability of
political science, or the ability of any research ficld to have much
of an mpact on the desiga of government programs or on the
design of non profit programs is very mited; it’s bmited by the
reahity of the social system that 1s defined by any political world.
What I feel like I can provide 1s the same kind of answers that

I was looking for to other people—why does it happen? T can’t
change that it does happen. The thing that I can do as a political
science professor and that I think 1s immensely important 1s to
connect with my students, with my undergraduates in particular,
and be a person 0 them that 1s more than just a person who
provides a lecture and 2 test and a grade, be 2 person to them
that helps them to figure our what they want to get from their
cxperience in college, definc that for themsclves, and get 1t
That’s actually not an casy thing to do, and as a professor you
arc in this position where you're evaluating your students, so

1t makes your students naturally a little wary of you. And so

the way I try (o live out what T was hoping to get when I was
gomng through college by being a person who is very inviting to
undergrads, to have them feel that they can they can be open to
me about their thoughts, the classes they're in—; even my own
class, what 1t’s doing for them and what 11’s not doing for them
and to encourage them to come and try to think through what
they want to get when they’re here and how they can ger it.

jur: You talfed about your classes you're sort of &nown for experimeniing
with unconventional teaching methods. Cordd you talk about those and
mraybe talk about how they relate fo your rescarch and bow they tforn: each
other?

I
Jordan: Twish T could say that I have a systematic theory or
a well thought out reason for the way that I reach and all the
experimentaton that goes on in my classroom, because that’s
true, | like to do stuff unconventionally somenmes just because
it’s unconventional (faughs) without a whole lot of reasoning, |
mean, Ive been more systematic in some classes than others
about my expenments, but T will always expeniment {langhs),
sometimes for better and sometimes for worse. How does my
research inform that? I don’t think thart has a Iot to do with my
research at all, actually; 1t has more to do with the relationship
[ want to establish with my students. | just don’t know any
other way to relate to my students other than a way that feels
honest 1o me, and the truth 15 that T don’t know anything that
my students couldn’t leamn in 2 semester. There’s nothing that T
know;, when I'm teaching a class, in terms of the class material
that any student couldn’t learn on their own, without me. In
many cases, students know more than | do, and they may know
everything that [ have to teach them already, but just not know
the terminology for it, just not have the language or know
how to recognize that they know it. So I'd say one thing that’s
important to me ia the classroom is to not let that knowledge
that students have go untapped, to not let 1t sit there, to not go
through the charade of pretending like I know everything and
the other sixty people in the room know nothing: that’s just
absurd, right? Part of what I'm trying to do in the classroom by
doing things that are unconventional is in some ways to wake
people up; let’s do something where there’s acrually participation
going on. When 1 teach the class on the presidency I run a
simulation of lawmaking, and part of what I'm trying to do
there is just to have students contribute to the actual knowledge,
the actual informarion, the actual learning that’s happening in the
classroom. The great thing about the simulation is that students
themselves are coming up with the strategies that they’re going
to play 1o try to manipulate this legislative system, and 1t’s their
own creativily and their own ingeniousness, really, that we end
up learning about and we end up learning from. In my view; this
is just common scnsce, that learning from sixey people is way
better than learning {rom one petson, and the fisst task in the
classroom 1s to get people comfortable with actually speaking,
50 that people can actually learn from them, Everybody in that
classroom has something that somebody else doesn’t know; but
people are very inhibited; students are very inhibited, scared, to
spcak in froat of pcople, so by doing some experimenration,
1n some ways 'm also trying to make 1t okay for people not to
make mistakes, because 'm up there blundenng every day. I'm
trying to create an atmosphere where spontancity 18 happening
and we're having fun and nothing has 1o go perfect, and, in
some sense, we want things not to go perfect, we want things to
happen organically in the classroom. I'm trying to draw people
out, maybe that’s a short way to say 1t.

jur: To change tracks a bit, over the past few decades, political
science has changed constderably, and you are’re a part of that
change 1a your rescarch, partculady in, for exafmple, using
mathematics and economic methods in research. Could you
embellish on how these methods have changed the ficld and how
you use them personally? 3
Jordan: Well, vou're right that the ficld has changed. T guess
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1Cs important to say that these methods started to be used substance and learn about what the Interesting questions are and
by people who called themselves political scieatists as carly what the background of those questions is, and what the mose
as World Waz I, as cady as the 1940s, and in some sense, soft or mtuitive theorctical ideas are and how to use these tools
economists have been asking many of the questions that 1o contibute to those mntuitions. This makes me glad I'm not
political scientists ask using formal logic or statistics for much an economuist, actually, because like I said, from my perspective,
longer than that; they've been doing it since the mid 19th what the growth of mathematical modeling has been is really just
century. When T think about political science changing, or a divessification of the ficld; it’s made the range of methods you
when I think about the change in political science that rclates can usc in the field broader; well, thankfully, our field also includes
to these mathematical methods, it's not so much that I think people who are historians; thankfully, it includes people who are
political science has been done differently, it's that the reception sociologists, in effect, in their methodology; thankfully, it includes
of these methods in the matnsizeam political science journals people who are anthropologists in their methodology and focus
has changed, so that when people now think of, say, theoretical on describing in intense detail the lives of a very small number of
papers that try to develop or illustrate their ideas using actors, because that’s the kind of work Tve been relying on to turn
mathematical models, they think of that as just an instance of my modcling into something that actually speaks to people who
political science. They don't auromatically assume, “this is not kanow something other than math {farghs).
our field” This has opened up a space in this career for people
like me, who arc most comfortable working with mathematical fur: Could you outline some of your recent work?
models, who want logical rigor in what they do. The fact is Jordan: Sure. 1 just sent a paper off to a journal hoping that it
that you can become a poltical scieatist who specializes in will be published, and rthat paper is trying to understand how
mathematical models now; and there’s lots of jobs for people interest groups influence the rules and the procedurcs that
like that, and there’s pleaty of training for it; it’s not exotic govern the operation of or the implementation of government
anymore. It was exotic in the 1970s, it was even still a little bit programs. To give an example of what I'm talking about, when
exotic when I first started graduate school; it’s not anymorc, the bill called the Dodd Frank Act passed a couple of years ago
oW it's just as straightforward and normal to try to develop as that everhauled the system of regulation of financial markets,
a rescarcher who uses those kinds of tools as it is (o become that bill was criticized because much of what the bill did, rather
a researcher who specializes in public opinion polling, which than actually sctting substantive restrictions on what financzal
we think of as the core of political science. Well, what’s really firms and financial traders could and could not do, instead of
happened in the disciphne is that there’s a lot more diversity in actually setting restrictions dircctly, it authorized federal agencics
the ficld now; I guess that’s how I'd putit. Did you ask how that 1o make regulations that would 1 fact contain the substantive
mforms my rescarch? restrictions on behavior. One thing that’s intetesting about that o
me s that from the point of view of the interest groups involved,
juz: Yes, does that give greater depth (o your rescarch? this means that they don’t just fight over (he legislation itsclf in
Jordan: 1 don’t know that it gives greater depth to my rescarch; congress; it's not just legislators they're lobbying directly over the
I've really struggled since I've been here in how (o use these Dodd-Frank Bill, bur also, once that bill passes, they’re going to
tools that I have. In graduate school I concentrated on go do it all over again in the burcaucracy; they’re going to have
building my skills in these tools—1 concentrated on becoming yet another big battle over those regulations coming out of the
a competent applicd mathematician, cssentially, As a result, | executive branch, and that barde actually is not just going to be
did very little in the way of reading actual political scicnce or fought in the federal agencies, but because our court system is

reading what people were writing in political science at the time so involved in the process of regulation, they're also going to be

or had written before, so T came to a classic in Amencan politics hngating over the actual content of the policy. And 50 it’s been the
tke Why Partics? by John Aldrich, which, if vouw've taken PSC case that most political scientists, when they thought about how
202 uader Gerald Gamm, you've read that book, but T hada’t legrslation ends up structuring the process of mplementing policy,
read it uatil two years ago, because I was busy learning math, have thought about it from the point of view of the legislators,
Just another example, the classics in political philosophy-— where the idea 15, well, legislators have an idea abourt what they
Ieviathan by Thomas Hobbes, hadn't read it until two years want to happen in the implementation process, and they must be
ago, because I was busy leaming math. “The Federalist Papers—1  structuring thar process i a way, they must be putting down rules
had read maybe onc or two when I was in graduate school, but and legislation on how policy would be made in the exccutive in
other than that, hada’t read them undil a few years ago. And so a way that’s good for them. s P've thought about stories like the
since I've been here, it's Tike T got out of graduate school and one about the Dodd-Frank Act, where we know that these interest
the time of my training was over: now, T had to actually write, groups are going to be not just bartling once in congress, but
and since then, it’s been a struggle for me to try o take these they’re going to have to it all over agam in the bureaucracy and all
tools and integrate them with real questions and to use them in over again in the courts; and, in fact, long after these congressmen
a way that builds on the existing massive amounts of knowledge  are gone, they’re still going to be doing it, when I think abour that,
and wonderful work that’s been done out there in political 1t seems to me that congressmen, legislators, people who hold
science that | never had time to read. [t's funny, for me, what office, they don’t seem to be the most appealing central actors
decpens my research is actually the non mathematical stuff] 1n an explanation or a descaption of the process through which
because that's where I'm grovwang ({arghs), I'm where | nced the rules that structure polc v mplementation get defined. It
to be and more on math, and now I have to learn about the scems to me that the plavers who have real stakes in the structure
! ; -
10




of federal programs are the interest groups who know that

they have these long run interests. When we think about the
orocess through which those structures ger actually adopted in
congress, we should be using a theory that puts interest groups
at the center and thinks about congressmen instead as people
who happen to be able to cast the votes, but really are just

bemng pushed around through cither campaign contributions,
through the provision of nformation, or through just cutnght
persuasion by the efforts of interest groups who have long-

Tun interests in the program. In this paper, what I do isTusc a
formal model that basically demonstrates the logic of a theory
of the structure of government bureaucracies in which interest
groups are the pramary actoss driving legislative constraints

on burcaucratic structure, What the paper ends up domg s
suggesting that there should be 2 connection between the kind
of biases toward different groups that are written into legislation
and the actual volume of lobbying activity that gocs on to
mfluence the federal burcaucracy or the volume of liugaton that
goces on 1n the courts, That was a surpnisc, that’s not something

I expected to get out of the model, that’s one reason that we do
mathematical modeling 1s sometimes we don’t realize what the
mplications are of our assumplions, and this happens to be an
mplication. 1t’s actually good news in some sensc, because the
volume of lobbying and the volume of ligation 1s something
we can actually potentially observe. So if 'm night about this
alternative perspective on the way that government programs gel
structured, then it’s possible in prinaple to go out there and look
at some data that might show that that’s the case.

jur: In recent months, political science has weathered
considerable catcism, particularly for unrclabiity of
predictions; the US. [ouse of Representatives even passed a
bill to eliminate National Science Foundation grants for political
scientists. What do you think of these crticisms, and what can
political scientists and other researchers i the social sciences
and humanities do to legitimize their ficlds in the public cye?
Jordan: I'm not surc that 'm too concerned about legitimizing
our ficlds, frankly. You know, some of this debate gets framed as
a debate about whether political science is 2 real “science.” And
sometimes when people ask that question, is it a “science,” they
seem Lo mean, can it tell us things about the world that we don’t
already know? And can those things actually be demonstrated

to be true, in some sense, by showing thal 1t can predict things
rehiably? Both of things are probably, for the most part, not true.
It’s probably the case that we can’t say something people don’t
already know, in some sense you know that’s my arritude from
my attitude about the classroom, which is that there’s probably
nothing that I know that my students don’t know already. And
1t’s also just our track record; for whatever reason, it’s incredibly
hard for us to show that whatever we predict or whatever way
we want to characterize political processes can be demonstrated
unambiguously to be the hard and fast truth with a whole lot

of darta; we don’t go about proving the cxistence of the higgs
Boson or something, We just can’t do that. So if that’s what
congress wants out of a program they fund through the NSLY
then they shouldn’t be funding political science, pesiod. The
contribution we do make 1s basically to people bke me, frankly.
And T don’t mean people like me who have a cushy job at a nice

university. What I mean is people like I was, I guess I should say,
back when I came back to graduate school. T came back with
real questions about the world; T was troubled. | was sad about
how mdifferent the people I mteracted with in my work were
and how closed off they were to questions about whether or not
we were doing our clients any good or whether we weze even
potentially doing them harm; T was troubled by thar, T was sad
about ir, and because I was sad about it I wanted an explanaton,
[ wanted to make sease of it. That’s what 2 lot of people are
coming to school for, obviously you come to get a job, bur if
you were just coming to get a job, we wouldn’t have a liberal
arts educaton. You come to these classes and you come with
questions, and these questions have to do with “why do things
happen?” “why is the world the way it is?” That’s esseatially what
I think of myself as doing in my research—engaging in that
asking questions about why things happen the way they do and
offering answers. Most of the ume, the idea of a right answer in
the first place 1s sort of vague, whether there is such a thing in
any given casc; often times all I'm trying to do is articulate my
question in a clear way, without even trying to get it answered.
I'hat 15 a process that 1s personally satisfying to me and does
offer me some peace (fanghs) about the ugly, ugly, realities of
politics. Ugly. Morally ugly, I think. It brings me some peace to
have these explanations, and 1 think that as a political scientist,
what I can do 15 help others go through the same process for
themselves, to buld some understanding, o buld some sense
of why things happen, beyond just “there are bad people in

the world” That's a very speaalized thing, not everybody feels
the need o have those questions asked and answered. Not
everyone feels the need to have things laid out in a logical way,
not everybody feels uncasy until they have that, but as a teacher,
I'd say there’s about 25% of my students for whom trying to
give explanations, to give coherent explanations of why things
happen the way they do makes that person say, “wow; 'm really
glad I came to class today,” “T really like thinking about this”
And, that’s the product I'm selling, basically, and not evervbody
Iikes it, not everybody wants that product, and that’s perfectly
fine. 1t'd be the same thing if | made cars or roller skates; [
have a product that appeals to some people and thar’s what

I’'m providing and what I think we provide as 2 field. Given
that, actually, i's a private good, by the way, so there’s not a
particularly good justification for the government funding it, in
my mund. Let me put it this way, would I rather have my chients
from several years ago have more funding for housing, or would
I rather there be an NSF program for political science? Iands
down, I'd rather have more funding for housing,

jur: What are some of the more significant roadblocks, personal
or professional, that you've eacountered in your carcer?
Jordan: Well, I'd say first of all that accomplishing what I need
to accomplish in research, what my obligation to this institution
is in terms of rescarch, has been hard for me; I have just really
struggled with it. | think of mysclf as being behind the curve;

[ haven’t accomplished as much as [ should? I'm worned about
my ability 10 meet the standard, and that's been with me almost
right from the beginning of the job. What has made that hard
for me has been a question that’s always been in my mind, and
the answers to that question have varied over time. The way I
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sec it right now; wha | struggle with is getting research out the
door. I think the roadblock for me js a tendency on my part to
try to do rescasch that will be unassailable, thar will actually mect
the standard of “seience” like T was talking about before, the
idea that what I'm go1ng 10 producc is going to be an answer to
some question that acu{ally answers the question. Holding my
own work to that standard has caused me to have a huge amount
of papers that have been written but never sent out the door,
because I don't think theyre good enough, I’s also caused me
to take 2 long time writing papezs, because I don’t want (o write
a paper when I'm pursuing that standard until T ean sec a clear
path to a paper that answers a question definitively in a way that
will convince everyone else in the wogld. Whether such a paper
is attainable or not I feel like 've leasned that 1f it’s going to
be attamed, it's not going to be attained by amming for the targer
itsclf; the right way to overcome this hurdle is to try 1o keep
m mind that all ’'m doing 15 writing an article, and 2 perfectly
important thing, and a thing that journals want out of articles
and other academics want out of articles includes Just raising
questions without answeting them. It includes offenng tentative
explanations, offering hypotheses, offering perspectives, and
obviously a lot of people would think that an article that does
that 15 less good than an article that does something more, and
actually I agree with that, but those articles, the articles that just
raise questions, the articles that proposc hypotheses, the articles
that propose alternative ways to think about those, when I think
about it as a student-— thosc articles have meant a lot for me
and thosc articles I'm perfectly capable of writing, T don’t have
too hard a time doing it, and | enjoy doing it, when P'm not (0o
worzned about how they’ll be received (fareghs). But for me, the
hardest hurdle is that putting yourself out there, putting a piece
of your work out there to let it be criticized and knowing that
1t will be eniticized, because our work 1s cnticized be utally; you
send 1t to a journal, and you get reviews back and they can be
pretty rough, and so being ready 1o deal with thal and being
ready to put mysclf out theze over and over agamn- that for me
15 the hardest thing, the hardest roadblock.

jur: How would you suggest undergraduates get involved with
research, particularly in your feld?

Jordan: 1deally, the first answer would be, sign up as a rescarch
assistant for anybody. So, first of all, don’t be sclective; if
someone has research work, do it. If you're an IR major and
someone’s workmg on congress, just do it. If you love American
politics and you want 10 80 work in Congress as soon as you
getout of college, but the only person who's hiring 1s someone
who does studies of civil war in sub Saharan Aftica, just do

it. If they nced 1t donc, do it. That's the first thing, hecause
there’s something to be said for fust seeing what research is
like, and actually, the Llopics vary, bur the basic process of
rescarch doesa’t really vary across the topics, and | think if
youwre interested in pursuing a career m research, you want to
80 ahead and find out what it’s Iike, find out what the day-to
day looks hke. So I'd say don’t be sclective about who you work
for as a rescarch assistant. Now;, all that said, that’s the ideal
advice-—the problem is that night now, [ fecl like we don’t have
cnough work for undergraduates who want o participate in
our department at least; I don’t know abour other departments.
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And so I guess the right question for me 1o answer is: if you're
an undergraduate interested in political science rescarch at the
University of Rochester, where we are la(‘king n R\ jobs, whar’s
the best thing to do? You don’t have to work in the political
science department if you want to £0 to graduare school in
political science. In fact, it’s mmensely valuable, no matter

what depasiment you go 10, to have an cexperience working

with rescarch; do it in the psychology department, do it in the
anthropology department; probably a good idea to stick to the
social sciences if you're going to, but you can also try philosophy
or history. For me, my personal rclationship with the guy who |
did research for —he was a huge support for me in college, I'll
always be grateful to him, in some ways I think of him as a third
pareat for me. And that happened because he mvested in me

as a person who worked hand in hand with him on something
that was important to him. | encourage you to go find anyone,
anywhere, with whom vou can develop a working relationship
with. Obviously, the kind of closc relationship I ended up having
1s 20t going to happen for everybody, but sull, and ic’s not only
in political science but across the social sciences—the topics,

the questions, vary, but the process of research 1s very similar.
So don't be selective in the sense that you have to come work
for the political science department. The other thing I would
say, though, outside of actually going and working as an RA,

15 to seck out “W” classes, 1 think the thing about research, al
least, it’s the thing about rescarch that’s hasd for me, and having
advised thesis students and watched 2 lot of students go through
the process of trying to develop a thesis but not being able to
get it all the way to a thesis level, I think one of the hardest
things 15 1o leara how 10 write from your own position as your
own person. You're left to actually write somcthing down and
say, “I think thss is true. [ ferc’s why”” And 1t has o be whar vou
think Is truc, that's hard, and I think the moze practice you can
getin being out front in that sense, and being the person writing
the paper, making an argument, mzking your own argument; the
more experience with that you can get, the more you'll know
about thar process for yourself 2nd what i’s like and whether
you like doing it, and it’s just an incredibly imporrant kil 1o gain
if you think you might be interested in going into research. A
lot of what we do as rescazchers, long before there’s any dara,
long before there’s any experiment, long before there’s equations
on the whitchoard— there’s a person sitting down at their desk
saying, “here’s a queston that I have” “this is my question,” T
want to know X" and “ think that the right way to answer it is
this way,” “I think it’s this data,” or “I think it’s this expenment,”
or “I think it’s this mathematical modeliag approach.” That is

4 necessary siep in any rescarch process; somebody has to own
it, and it has to be the rescarcher. And actually, thar’s something
you can do in writing a term paper, t00, 1s say, “what do I think
i1s the nght way to answer this question?” and then own it and do
it. That’s the core of every piece of research our there in every
field, and it’s an incredibly difficult position to be in, and it takes
practice to get comfortable with it. Go ahcad and start (Yanphs).

jus: Linally, do you have any general words of wisdom for our
undergraduares?

Jordan: The best I can come up with is | see a lor of

undergraduates cither not have an idea of what they’re going to




do when they get out of school and worry about that a lot or

I see undergrads who have an idea of what theyre going to do
when they get out of school, and then they are very sclective in
what they do as an undergrad in trying (0 prepare for that one
thing they want to do. This probably sounds demceaning bur
recognize that you still have a lot of leaming to do, and I don't
mean that in terms of, “I know a bunch of stuff and you dont,”
or thar you're young and stupid, or young and inexperenced,
what I mean is that yow'll be learning your whole hie, about
vourself, about what vou like, about how to do wharever 1t 15
vou're doing; how to wash the dishes, how to relate 1o your
friends, how to relate to academic work, how to read 2 magazine;
these are things that are going to change over your life, and
vou’re going to be learning them right up 1ill the day you die,
which could be decades and decades from now: You don’t have
to learn everything in the next four years. You don't even have
to learn everything in the next twenty years. You can just enjoy
learning whal you're learning now, and be assured it won’t stop
(langhs). Be assured that the opportunity cost of taking a class in
anthropology as opposed 10 taking a class in economics isn’t as
great as it may scem, even if you want to go be a banker, even
if you want to go to graduate school in economics. So, that’s my
one piece of advice.

sa.rochester.edu/jur
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AND BRrItisH BEER ADVERTISEMENTS
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eer is enjoyed by millions of individuals in
numerous cultures. Yer, each culture perceives the
intoxicating beverage slightly diffcrently. Many highlight the
vast similaritics between British and American culture, vet
theze are truly plentiful differences. An obvious disparity is the
consumption of beer and the cultuzal norms surrounding this
dnnk. Advertiscments aze largely represcatative of these culrural
perceptions, and careful analysis reveals the truce perspective
-American and Brarish cultures have towards beer., The
cmplovment of humor, the selection of vocabulary, the choice
of mmagery, and product placement are all important aspects
when considenng the true message of an advertisement, and the
Unzted States and the United Kingdom hold different belicfs on
the appropnate approach to usmg cach component. Through
3 vanety of methods, this study explozes the soctolingwstic
fferences berween beer advertisements from each respective
country and draws broader cultural conclusions based on these
analyses.

INTRODUCTION

Located just over three thousand miles away from New York
City, England does not secm 100 foreign of a land and is often
referred to colloquially as just “across the pond.”' As one
considers America’s strong historical connection with Great
Britain and the simple truth that both the United Kingdom and
the Uniled Srates have the same d jacto language, the separation
between the two countyies has 2 tendeney to shrink even
further.* It is casy for Americans to fecl a connection 1o the
country that bore our founders, for we feel connected through
history, tradition, and language. T certainly gravitated towards
this naive perspective in prepanng to study in London for a
semester. As | boarded a plane at Newark Liberty International
Adrport destined for the United Kingdom, 1 was confident in
my ability to communicate as soon as [ discmbarked from the
cabin. However my perceptions were not upheld by reality, and
the first cultural aspect I Tatched onto was the vast linguistic
differences T felt engulf my senses. So great was this feeling that
I'began to keep a journal detailing the differences so | could

'

“
-

help myself learn this unexpectedly foreign dialect. My four
month immersion into British culture surprised me in many
ways and revealed not only a greal separarion between American
and Buirish rhetoric, but between Ametican and British culrure
as well. It became evident that the historical and nformal
connections America may have with the United Kingdom were
not strong enough to consider the two in parallel, and I left
feeling as if the physical divide between the countrics was closer
to thirty thousand milcs,

Around the same time that | began to adopt the dialect of
Londoness, after approximately one month of residence, and
found myself mosc comfortable with Briush English, I noticed
one of the greatest cultural differences between my nagve
United States and my explored | ‘ngland — the consumption
of alcohol. T am fascinated by the consumption of all things,
be it tangible, edible, or abstract, and thus my mind naturally
fixated on the tremendous disparity between beer consumption
in western countries. At the close of cevery working weck, my
coworkers in the marketing office in which | interned would
file out at 5 o’clock and head 1o the pub next door. If the
Crown and Sceprre Pub was 100 full, we simply walked to the
next coraer where undoubtedly another pub with datk wooden
booths and crimson carpet would graciously welcome our thirsty
lips. Once inside, our discussions would dxift from work related
1ssues L0 sporting events and upCcoming allractions happening
in the city. Never was therc intent 10 become mtoxicated and
unruly, but rather to unwind after the working week and be
in good company. This first hand experience not only stood
out as complelely forcign, but it was one that T had rarcly scen
recreated in Amenca. T have worked in the corporate world for
fwo consccutive summers and the communal bond of beer was
rarcly shared amongst co workers. Oce astonally, an ice bucket
full of domestic beer would he placed in the communal kitchen
on a riday afternoon, but it was expected 1o be consumed in
the office and then employees would retire once more to their
desks. ‘The stark contrast between British and American cultures
was one I could not shake, and it led me to analyze the role
beer plays in each country, and speafically how it is advertised.
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Amongst advertisers it has long been debated 1f advertising
affects culture, or whether the opposite: if culture affects
advertising. "I'his rescarch project seeks to explore that very
question by comparing beer advertsements in both the United
States and the United Kingdom, paying particular attention to
the language used in cach, and extrapolating these data to {urther
understand how cach respective culture views beer consumption.

Besides the delicious nature of the drink itself and its

mtoxicating effects, this study has implications that arc importani
for understanding the global impact of advertising, an industry
that is rapidly changing, ‘T'he latter decades of the rwentieth
century saw a trend towards globalization in the advertising
mdustry. Smaller independent agencies merged under the
leadership of large holding companics, and the business saw
chents crossing the Atlantic with global expansion in mind.*
The result of this movement was that by 1990, four of the top
LS. agencies were owned by Brinish companies, and five of the
ten top agencics in Britain had American parents.’® Currently,
WPP 15 the world’s largest communications services company by
revenue, 1t has its headquarters in London, UK, and companics
located 1n 107 countries® Itis impossible to deay the effects this
has had on the advertisements themsclves, and new and different
cultuzal aspects have been introduced nto the campaigns
created. Products and their associated marketing strategics can
now be standardized, allowing a more consistent message and
a more cost effective solution. However, advertising agencics
cannot fail to realize the differences amongst cultures, even in
countrics as similar as Iingland and the United States. T'his study
secks to lluminate precisely these differences.

METHODOLOGY

Throughout the execution of this sociolinguistic project, |
employed multiple research tacrics. It is impossible to ignore my
own personal experience in which I dircetly mnteracted with the
British people and saw first hand how beer was perceived and
consumed by locals in London. This experence served as my
first fragment of rescarch. To supplement my own obscrvations,
I sought oul mdividuals ar the University of Rochester who had
lved in England at some point during their lives. Additionally,

I had extensive conversations with my supervisors at umi
Marketing, both of whom live and work 1n London. All of these
mdividuals’ specific demographic information can be found in
Irgure 1, located in the Appendix.

To further this first-person research, I conducted my own
visual and linguistic analysis of a vagety of beer advertisements,
from print and out-of home ads, to commercial and digatal ads.
A collection of vidcos and print pieces 1s also located i the
Appendix and should be viewed 1n tandem with this article. It
:s understood that first-person rescarch can only bear so much
weight, and thus (his undertaking relied heavily on sccondary
research and academic articles, Much has been writien on the
differences berween England and the United States, and many of
these insights are woven into my research and have mfluenced
my perspective throughout the project.

Although I attempt to cover many aspects through the
breadth of my rescarch, T recognize that there are inherent
imitations and shortcomings. The first 1s that my expetience
with the British people is largely the reflection of aty dwelling

Londoners. City culture does not necessanly reflect the ideology
of an ennre country. Furthermore, media and advertiscments
tend to be more prominent in urban centers simply due to the
high concentration of consumers. Had I explored more rural
areas of the country, my impression of Brtish culture may be
different. Furthermore, my own analysis of American culture
comes from my own assumptions. | laving resided in the Unired
States tor the entrety of my life, | fell my own perspectives were
sufficient in providing the contexwal framework upon which |
studicd American advertisements and the culture’s perspective
towards beer. It 1s possible that bad I included first-person
interviews with other Amenican citizens, my findings would
have differed and the richness of the study would have been
cnhanced.

FinpinGs FROM SECONDARY RESEARCH

Linguistics and culture are dimensions of a sodety that
are casily united and understood concurrendy. Differences
between American and British culrure and theroric allow for
the two countries 1o be placed into distinct categories regarding
marketing strategies. In advertising terms, the United Kingdom
1s very much a “soft sell” market, emphasizing subtle audience
oriented messages, whercas the United States employs a “hard
sell” market, capitalizing on facts and placing products in the
foreground.” This soft scll/hard scll dichotomy provides an
interesting contextual framework thart influenced my perspective
1n later rescarch and shaped my own analysis of the beer
advertisements.

There are numerous reasons for Britain’s soft sell economy,
and many correlate with deep-rooted historical traditions,
Citizens of the United Kingdom have long viewed mass media,
especially television, with pessimism and cynicism. After
the recent NOTW hacking scandal that undermined Rupert
Murdoch’s media empire, a survey showed that 44% of Bnush
citizens have lost further trust in large media companies due to
the hacking inadents.” This disconnect between mass media and
the public largely results in consumers ignoring commercials and
adverts entirely. Culturally conscious advertising agencices have
learned 1o combat these norms and understand that in order
to disseminate their clients” messages successfully, they must
cmploy subtletics and intngue. Baush adverts are commonly
composed of puns and dry saure, an attempt to prove 1o citizens
that the products being advertised are sound for the intellectually
acute consumer. Rarely in British advertisements will the product
itsell be featured in the forcfront. Rather, stones surrounding
the product are constructed to build anticipation and cusiosity,
subtly revealing the product at the close of the commercial '

The Amencan advertising landscape could not be more
different. On average, United Srares consumers are bombarded
with over 247 commercial messages daily.” The overload of
miormation on consumers results in advertisers fighting to
have their message heard, creating a hasd sell market. Product
messages must be clear and concise, and the product is ofren
pushed to the forefront of the commescial from the opening
scene and remains there undl the spot Concludes. Humor is
certainly employed, as in British advertising, yet it is entirely
different. In America, humor is often straightforward and vulgar,
serving as a final attempt to hold a customer’s attention.”

sa.rochester.eduljur
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FiNDINGS FROM PRIMARY RESEARCH
irst-Person Intervicws

First person, qualitative interviews are a tactic that many
mazket zesearch firms employ in the dara collection process
that aids the creation of an advertising campaign. I found it
slightly ironic that inreverse engineeriag the meaning of heer
advertisements, I resorted back to the same mcthodologies
to gain cultural msight. The interviews conducted focused
prmarily on the cultural significance of this study and largely
ignored the linguistic aspect.

Similar answers and trends emerged through cach interview;
which centered around one word - respect. The first of these
tzends was the disparity between American and British yourhs’
consumption of beer. The second evident trend was the history
of beer in the United Kingdom. Collectively, these two aspects
made it blatantly clear that the ways m which British culture
perccives beer are vastly different than the ways its counterparl
just “across the pond” does.

In the United Kingdom, one is able to purchase alcohol at the
age of cighteen, may consume it with a meal at age sixteen if
accompanied by an adult, and can be served at home by parents
regardless of age."” In comparison with the United States,
where the legal drinking age is 21 zegardless of environment,
tespondents felt that British youth start drinking carlier than
their American equivalents. However, all conversations viclded
a simular truth, that while British teens may drink younger and
consume morc, they are much more in control and have a
respectful relationship with beer. Two individuals explained that
since British citizens can legally drink younges, their parcnts
weze heavily involved with the alcohol experimentation process.
They spoke of a trusting relationship berween parent and
child that allowed for a safe drinking environment, and did not
perceive a similar reladonship to exist in America. This legacy
of respect surrounding beer is one that speaks volumes about
Britain’s larger cultural view toward the drink.

Throughout the Unired Kingdom’s extensive history, beer
has played an important role in the culture. One obvious
conscequence of beer’s importaace is the sheer number of
pubs located in these countrics. The prominence of these
establishments and the prevalence of beer in British soclery
were largely important to the respondents’ answers. Steve Lowy,
founder and president of umi Marketing explained, “at the end
of wotk on the weckend [pub cultuze] is huge.” liven during
the working week, onc interviewee revealed that her father’s
coworkers would have “three or four” pints of heer during
the lunch break and return to the office for an afternoon full
of productivity. Both sexes enjoy going to the pub, and more
often than not, beer is the drnk of choice amongst pub goers.
The purpose of pub gatherings is not for intoxication, although
that can often be 2 consequence, bur rather for socialization
and kinship. In this sensc, respondents regarded beer as a drink
emphasizing community and loving feelings.

It would be inaccurate to make a blanket statement regarding
Americans’ consumption of beer, because behaviors vary
amongst individuals. However, through the interviews, it was
revealed that numerous United Kingdom residents have a
perspective of Americans as abusers of alcohol who drink solcly
to get drunk. One mndividual responded that since she started
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attending university in America, she realized that the majosity
of her Amencan peers view beer as a party enhancer, whercas
her acquaintances of similar age and profession in London have
a much decper respect for their bodies and for the mtoxicating
dunk. The idea that Americans perceive beer as “sexy” and
“fun” came up multiple times in my conversations, further
reiterating this forcign sentiment.

Yirse Persor | isnal Anabysis

The final rescarch componear employed in the process of this
study was visual analysis of ads. I researched top selling beer
brands in the United States and in the United Kingdom and
viewed a collection of ads for these products, from commercials
aad print to out of home ads. Included in my analytical
perspective were the sentiments and thoughts gained from
my pror research and interviews, but I strived to view the ads
without major biascs, The ultimatc finding was thar cverything
I'had learned before through academic articles and first. person
conversations was upheld and validated,

Oae of the most immediate and conspicuous conclusions
surrounding British beer advertisements was indeed the humor
used. Take for mstance the Boddington’s pont ad (“Made in
Manchester”), which portrays 2 barmaid with a bulgi o right arm
and a skinny left arm. “The humor 1s not immediately recognized
and it takes an understanding of the methods used to pour beer
i the pub 10 comprehend the message. Tn the United Kingdom,
beer is often poured from kegs using handpumps, rather than
the carbon dioxide driven system that is employed in the Usited
Stares, and thus the barmaid developed a toned right arm from
years of work behind a handpump. Comparing this ad with Bud
Light's “Clothing Drive” commercial reveals the disparity that
exists in the employment of humor in advertisements between
the United Stares and the United Kingdom. "T'his particular Bud
Light advertisement relies on in-your face humor that requires
very litlle thinking or prior knowledge, thus upholding the
findings of Bradley et al. (1994).

Boddington’s ad also plays off the idea of beer as an
important historical symbol that has a longstanding and
proud tradition in the United Kingdom, a motif commonly
represented in British ads. The British are proud of their pub
culture and the ad resonates with that fecling, which is especially
embodicd in the simple copy. Both the ad for Stella Artois {4
Ingredieats”) and Carling (“Barley™} wilize these feehings of
pride and usc words that correspond with tespecting beer for
being a quality heverage, rather than for its abilily to alter states
of consciousness. A\ message of legacy is further communicated
in British advertisements through Stella Artois’ “One Day™
billboard. The copy reads: “One day son, all this will be yours.”
The relationship between parent and child surrounding beer
that was discussed in the interviews 1s entirely embodicd in
this ad and the words bring about 2 sense of legacy, honor,
and distinction. Not onc of the American ads played off the
idea of history, tradition, or respect. The advertisements that
came closest to capitahzing on this sentiment were from Dos
Liquis (*Most Interestng Man In The World”) and Budweiser
(“Clydesdales Donkey”). However, both of these were still
overtly humorous and failed to evoke a sense of tradition as
strongly as the Bntsh ads that sought o do the same.




Rarther than communicare feclings of prde and respect, many
imerican ads employed vulganty and sexual innuendos as a way
of reaching the desired audience, fulfilling the assumption that
emerged from first person interviews, Guinness” “Legs™ pont ad
Iooks classic and traditional at first, but a sccond glance reveals
that the advertisers use a female’s sexual attraction to appeal to
their target demographic. The copy sclected for Natural Tee’s
prnt ad (“Natt a Pult”) insinuates that beer is a means to an
end, and that end 15 a man engaging in sexual relations with a
female, which 1s applauded in American culture. Certainly, some
Bruish ads use sexual innuendos and rhetonc in order to reach
2 male demographic (Foster’s “Chilled” and “Bad Hatrcut”)
bur the humor is more respectable and imphat in comparison
0 American ads. The most vulgar 1s Guinness” “Share One”
commercial where not only 1s the imagery sexual, burt the copy
used 15 expheitly sex drven. Comparison of the “Share One”
commoercial with Guinness” “Surfer” commercial, which aired
m the United Kingdom, proves the influence of culture in
advertisements and disproves the 1dea that advertisements are
mfluenced by brand ideatity alone. Both commercials contain
the same product, vet the execution of each is radically different.
I'he American Guinness ad exploits sex, while the British ad for
the same brand utilizes athleticism, power, and commitment to
appeal to audiences.

The 1dea that the United Kingdom 1s a sofl sell market was
greatly upheld by cach ad viewed. A perfect example 1s the
commercial for John Smiths (“Diving Competition”). The spot
1s 38 seconds long and 1t 15 not until :37 seconds that the viewer
even knows that it is a beer commercial and that the product 1s
John Smiths. Directly compatre that to Corona’s “Commuters”
commercial and the dispanty is blatantly obvious. The spot
15 :30 seconds long and the scene opens with a bucket of the
beer placed in the center of the frame and docs not leave that
location for the entirety of the commercial. Certainly not all
Amenican commercials were this obvious, but the majonity made
1t clear that the product being advertised was beer, and many
revealed the product and held 1t 10 the frame for a much longer
duration than Bnash advertisements.

DiscussioN

The British have long been known to be skilled drnkers,
and my first hand experiences in London lluminated the
mportance of pub culture and beer. Yet the English have
away of discussing beer and intoxication with respect and

poise. This cultural characteristic 15 evident m the beer
advertisements targeted at British consumers. Regardless of
the media, the message is one of tradition, history, wit, and
charm. British consumers are less trusting of mass media

and are less bombarded by marketing messages on a dady
basts. Understanding this facet of British culture allows for
advertisers to ingeniously insert puns and obscure humor into
their campaigas, a charactenstic not upheld in American beer
advertising.

Quite the opposire is true of Amercan culture. In 2010, P&G
spent over $2.2 billion on advertsing alonc, a figure that shows
just how important the role of advertising plays in Amersicans’
daily lives, despite a troubled cconomy.' Beer is one of the
most heavily advertised products in the United States, and the
advertising style employed through images and language speaks
volumes about how the countey perceives beer. The findings of
this research make logical sense and should not be surpnising,
Advertisers recognize the cntcal importance of understanding
the target demographics’ culture and rhetoric, and attempt
to tap into this insight as much as possible in the creation of
a campaign. When advertising messages closely align with a
society’s norms, the consumer will be motvated to perform
the desired action, which is most often to purchase a product.
"T'hus, advertisements are very much a reflection of cultuze,
and analysis of any advert for any product should provide vast
mformation about the culture. Beer advertisements arc no
exception.

The broader cultural implications this study provides arc
fascinating and explain some of the behaviors of atizens in
both the United States and the United Kingdom." Tt s true
that British youths dnnk more than American yourhs, yet beer
1s regarded with respect in the United Kingdom. Amecricans
corrclate beer with parlying and sex, and thus similar themes
are highlighted in the advertisements for these beverages. ‘The
conclusions of this study open numerous doors for further
research surrounding the use and abuse of alcohol in each
country and how beer advertisements may contribute to this
or be representative of these realities. In an increasingly digital
world, 1t 15 unlikely that advertisements will ever disappear
from either American or British culture. Understanding them,
their creation, and their consequences will become ncreasingly
important as industrics grow and the world truly becomes 2
global markerplace.

APPENDIX Interviewee X Sex I Age I Location while T Nears residing in UK Place of residence in
Number interviewed UK
1 Female 19 " Rochester, NY Aged-11 London, UK
3 Female 20 Rochester, NY |  Agcli-presemt |  Loodos, UK
3 Female 31 Rochester, NY } Agc16-18 I Tondo UK
‘ a Male 33 Loadon, UK | Birth - present [ Loadon, UK
3 Male 33 Loodon, UK | Birth - present [ Zoaden UK

Figare 1: Demographic intormmanton for fisst pesson merviewees
3 i e o
|
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S et on the western slope of the Quirinale T1ill in the
center of Rome, the Great [ Iall is past of 2 large
Impetial Roman complex known as Trajan’s Maxket, built in 96
17 AD (MacDonald 1965, Lancaster 2005, Ungaro et al, 2010).
The Iall is located at the north end of the complex (Fgure
1} and consists of a large vaulied structure {approximatcly
35 mlong, 9 m widc, and 11 m high ar the intrados, with the

Great Hall

{Ceneralo}

Suppcriing Blocas
(Toverting)

Figure 2 Grear Tlall Section with Dimensions

longitudinal axis ogicnted aorth sourh) interposed between

two multi-story buildings, which feature tows of barrel vaulted
rooms (Figure 2), The entire complex is bult with Romag
pozzolanic concrete (opus cacmenticium), with only vertical
surfaces lined with bricks. The vault itself is a monolithic
structure resting on travertine blocks and fransversal shear walls,
connected 1o the adjacent buildings by lateral arches, The vault
intrados forms a series of SIX approximarely cqual cross vaults
while the extrados is flat. The Great Hall can be regarded as the
precursor of the gigantic vaulted halls jn OpUs cacmenticium,
used in Roman imperial baths and basilicas from the second

to the fourth century AD (Perucchio and Bruge 2009). After
nineteen centurics of continuous usage, the Great Hall and 1ts
vault are 1n a good state of structural integrity, having survived
architectural modifications, carthquakes, and ground scttlements
(all typical of the history of monuments in Rome) with only g
Jigure 1 Isomctric Great Tal) localized damage, shown in I'igure 3. Specifically, a fracture runs
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Iigure 3 Great [Hall Sccuon wath Damage

down the longitudinal axis of the vault intrados, and portions of
the northeast and northwest corners of the adjacent structures
have collapsed. The lateral arches attached to the vault arc all
erther fractured or completely rebult. Also, the smaller barrel
vaults in the uppermost stozey of the eastern building are
missing. The entire monolithic vault of the Great [ [all, however,
remains standing.

Previous engineering studies of the Great 1all have been
himited to analyzing simplified models, focusing primarily on
the stresses in the main vault under static gravitational loading
and on the function of the lateral arches (Swayngim 2008, Croci
etal 2008, Perucchio and Brune 2009, Brune and Perucchio
2012). Also, the structural effects of the major Renaissance
modifications made in 1574, when an intermediate vault
was added and two circular openings (oculi) were cut in the
Roman wvault (Figure 4), have not been investigated before.

In the present study, the monument is reconstructed in all its
structural detatls, both in its onginal configuration and as it was
modificd in the Renaissance. Structural analysis is performed
via 31D finite clements (FE) modeling to evaluate the cffects

of static gravitatonal loads, natural vibrations, and scismic
actions. The FE analysis identifies the deformed shapes and,
from these, levels of tensile or compressive stresses throughout
the structure. If nucla of cntcal stresses (i.c., at or above the
tensile or compressive strength of the opus cacmenticium) are
detected, these can be correlated with existing fracture lines or
mussing structural clements in order to identify possible causcs
of damage.

2. OBJECTIVES AND METHODS
2.1 Rescarch Objectives
Scveral strucrures built by the Romans shared charactenstes
with the Grear Hall of Trajan’s Markets. The Baths of Caracalla,
the Baths of Trajan, and the Basilica of Maxentius, for example,
!

were all monumental vaulted structures built using Roman
pozzolanic concrele, and were erected in Rome. Yer from (his set
of structurcs, only the Great Hall remains standing, The other
three suffered collapsc of their primary vaults, having fractured
and fallen. Although the Great Hall has sustamned some damage
as previously discussed, its vault remains standing and vsable
nonetheless, being currently incorporated into the Muscum of
the Imperial Fora. So why 1s the Great Hall still sranding? What
has made the Great Hall different?

This rescarch addresses the structural response of the Great
[all with two primary objectives:
*Determine the stress distnbutions generated by vertical
(gravitational) and horizontal (scismic) accelerations in the vault,
lateral arches, and upper storey 1n ozder to evaluate the structural
response to static dead loads and to the overtuming actions due
a peak earthquake.
*Determine the dominant natural frequencies and related
deformation modes for the Great Hall complex. Identify
possible critical frequencies by comparing natural deformation
modes to previously suggested overturning mechanisms caused
by carthquakes.

2.2 Finite Element Mcthod

In order to mvestigate the structural response of the Great
Hall, the finite element (FE) method is used. The FIE method
1s a predictive compurational model that provides a numerical
solution to the problem of finding the deformations and
mechanical strains and stresses induced 1n 2 solid or a structure
by applied forces and support conditions (Cook et al. 2002).
In the present case, the malerial—opus cacmenticium-—is
assumed (o be lincarly clastic; that is, it will return to its original
configurations when the applied forces are removed, and the

Figure 4- Two Great | lalls
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deformations under the applied forces are infinitesimally small
compared to the dimensions of the structure. Like modern

- unremforced concrete, opus cacmeaticium can be regarded as 2
quasi-britle matesial. After reaching a stress limit, the material
will fracture (in tension) or crush (in compression). For the
models used in the présent study, the material is assumed to
remain linear elastic throughout the analysts, Clearly, if the FI
analysis reveals that calculated stresscs are above the strength
lmits of the material, we assume that local failuge by fracture or
crushing has developed.

The FE model of a structuse or solid consists of a finite
set of connected clements, known as 2 mesh. An individual
element’s equilibrium condition is determined simultaneously
by its own clastic propeztics and the properties of the other
clements in the mesh, In this manaeg, the mesh can be thought
of as consisting of 1 scries of interconnected springs. Thus,
the model descbes how 2 load will be transmitted through the
sptings from the point(s) of load application to the point(s) of
support. Behaving mechanically like a spring, each mesh clement
has stiffness (K), can be displaced {u), 2nd thus has the ability to
transmut forces (f) in three dimensions. The governing cquations
of all the clements are combined to form 2 system of linear
algebraic equations, expressed simultancously in matrix form
as Ku=f, where K is the matrix of clement stiffnesses, v is the
vector of displacements, and f is the vector of applicd forces
on the clemeats. The stiffaess of the clements is determined by
the matenal properties of the model. For the linear clastic case,
the matenal properties are Young’s module (13) and Poisson’s
ratto (v). In a sratic analysis, the FL: model calculates the vector
u under conditions of static cquilibrum. Irom this vector,
the complete elastically deformed configuration 1s determined
together with the stress and strain ficlds over the entire
structure.

To study the natural vibrations and natural modes of the
structure, the cigenvalues of K are determined. A natural mode
describes an object’s fundamental response 1o displacement, and
1s compnsed of a shape and a frequency. When you push a child
on a swing set, the swing will cycle like a pendulum through an
arc every n seconds. The shape of the system’s natural mode
is the arc, and the frequenc ¥ 1s one cycle pern seconds, or
1/n Tz If the child is pushed in thythm with this frequency,
he will swing higher and higher. A structure such as the Great
[all, although more complicated, acts in a similar magner.
Unlike the swing, which vibrates primanly in onc direction at a
single frequency; a structure is a three dimensional continuum
body that can vibrate in a multiplicity of natural modes and
frequencies. Thus it can be forced to displace in multiple
directions—ofren simultancously —and will respond depending
on how it 1s pushed. If the forang frequency happens to
correspond with one of the structure’s natural frequencics
of vibration, resonance can occur. Resonant forces are very
dangerous to structuzal integrity, as repeated application of cven
minor forces can lead to large stresses and strains, Analyzing
the natural modes of a system is fundameatal to understand
how it will be affected by the oscillatory motion wnduced by an
earthquake.

2.3 Creating an FE Modecl

The first step in the FIS method is creating an accurate three
dimensional geometric model of the structure in question using
a CAD application. Next, material properties, such as density,
Young’s modulus, and Poisson’s ratio, arc attached. I'he boundary
conditions and loads arc then applied to the structuze. The
boundary conditions describe how the structure is supported
(c.g, the foundations of a structure are typically bounded against
all movement by the surrounding soil). The applied load depicts
the typical forces that the structure undergoes. Common analyses
will involve a structure that is under 2 gravity load or 2 wind load.
Linally, the structure is meshed, during which the continuous
volume is discretized into a set of tetrahedral or hexahedral
¢lements. From this combination of material propertics, boundary
conditions, loads, and clements, the previously mentioned
equilibrium equations can be formulated in an approximate
fashion and solved.

2.4 Architecture and Boundary Condition Variations

Several aschitectural and boundary condition configurations
were czeated in order 1o accurately depict the Great | all
throughout its history. Although the majority of the structure’s
archilecture remained unchanged during its 2000 years, certain
distiner modifications did oceur in 1574, whea the structure was
converted to a convent (Ungaro ct al. 2010). A secondary vault
was constructed, and two circular oculi were cut from the intrados
of the primary vault. Thus, two distinet time frames warzant that
two separate architectural models be created. The model with
the modifications from 1574 is referred to as the “Renaissance”
architecture, while the original structure is reforred 10 as the
“Roman” architecture. The two models are shown Figure 4.

The boundary conditions are much more difficult to properly
represent than the architecture. The Great Hall is buils nto the
Quirinale Hill, and is located at the nosth end of a complex of
structures. Properly modeling the presence of the hill and the
structures to the south 15 crucial 1 determining accurare results
for both the static and dynamic cases. The boundary conditions
are modeled as follows:
1)*Basic” Conditions: Only the vertical support under the Grear
TTall is considered, while the effect on vertical surfaces due to the
soil or the other structures is ignoted. Kinematically, the contact
surfaces providing vertical support are prevented from moving in
all three principal directions,
2)“Lxtended” Conditions: The vertical support is augmented by
the lateral support due to the soil and the structures to the sourh.
On the vertical surfaces, motion perpendicular to the surface is
prevented.

The surfaces where boundary conditions arc applied are shown
mn Figure 5.

In the real condition, the Quisinale Hill and the southern
structuzes act as suff springs, with a resistance between zero
and infinity. Iowever, testing the basic and extended scenanios
15 2 good place 1o start. Duc to the linearity of the analysis, the
results of wo tests provide the bounds of any possible resuls,
Any scenario wath stiffaess between zero and mfinity would yicld
results between those hounds. Therefore, if the basic results arc

close to the extended stiffness results, thea no further conditions ™~ T

need be considered, as the third set of results would fall between
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Ingure 5 Boundary Conditons

the two similar results.

In the case of modcling the boundary condition provided by
the southern structures, the zero stiffness and infinite stiffness
results differed significantly, as further discussed in Scctions 3.4
and 3.5. Thercfore, representations of the southemn structures
are added to the model in order to provide a more realistc result
support condition, as shown in Figure 6. This part of the model
15 not as detailed as the architecture of the Great |lall; rather,
only the major floors and walls arc included, since their stiffness
15 the donmunant factor in determining the support conditions
provided by the southern structures.

Frgure 6--GLH and Southern Structures

2.5 Static Gravity Analysis

We srudied first the possibility that some of the damage in
the Great Hall occurred when the onginal wooden framework
was removed. The framework supported the weight of the
concrete as 1t hardened. Eventually, the concrete was strong
cnough to support its own weight, and the framework was
removed. [Towever, if the concrete was not sufficientdy
hardened, or if the structure wasa't designed correctly, damage
could have occurred at that moment. ‘Thercfore, the first FI
analysis conducted was a simple static analysis, where the
only force applied is the gravitational load and the stresses
corresponding to the removal of the framework can be
calculated. The tensile stzesses are of particular interest as the
tensile strength of Roman concrete is only 0.5 MPa, while the
compressive strength is 5.0 MPa. Therefore, concrete 1s much
more likely to fail n tension than compression.

2.6 Static Overturning Analysis

Tf the model does not show signs of falure under
static gravitational loads, then it is likely that an carthquake
acceleration caused the present damage. ‘1o test this hypothesis,
a static overturning analysis was conducted. A rypical carthquake
mvolves a sertes of accelerations of various magnitudes and
directions. This analysis applies only a specified acceleration in
a single direction in order to determine the stresses that such
acceleration could induce. Accelerations were separately applied
m the north, sourth, cast, and west directions with magnitudes
of 0.26g and 0.35g, where g is the acceleration of graviry, The
0.26g acceleration represents typical earthquake acccleration
in the Lazio region of Italy that surrounds Rome (Croci et al.
2008). The 0.35g acceleration corresponds to a peak earthquake
as defined in Furopean modern bulding codes (Solomos et al.
2008). These analyses were conducted primarily to measure the
tensile stresses that the accelerations could produce.

2.7 Modal Analysis

Finally, a set of modal analyscs was performed 1n order
to determune the structure’s natural modes and frequencies
of vibrations and the subsequent suscepubility 1o carthquake
excitaton. [f the carthquake direction matches the direction
ot a natural mode and 1f the natural frequency of this mode
15 within the range of frequencies of the scismic action, then
large displacements, or even resonance, can occur. These large
displacements cause large strains and stresses, which may grow
to catical levels, produce fracture, and possibly lead to structural
collapsc.

2.7 Spectral Analysis

The earthquake frequencics are determined using a separate
spectral analysis. Farthquake aceelerations aze typically measured
as a function of time. However, the spectral analysis transforms
the accelerations from functions of time into functions of
frequency. Thus, we can identify the relevant frequencies
at which the soil is vibrating, and the magnirude of these
accelerations. This signal decomposition is conducted using a
Fast Fourter Transform (I'I°17, which ualizes the mathematical
conceprt that every signal can be represented by an infinile seties
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Figure 7 Croci Overtusn

of sine waves. The FI'T decomposes the signal into sine waves
and calculates their amplitudes and trequencaes.

2.7.2 Tailure Mechanism

According to Crodi ¢t al, (2008), the most dangerous mode
to the structural integrity of the Great Hall is the north south
longitudinal motion, which could cause fracture mn the piers
supporting the main vault of the structure and bring the vault
1o topple over. A diagram of this type of failurc is shown in
Figure 7, Based on Croci ot al’s considerations, our modal
analysis focused on north-south earthquake accelerations and
on structural mode shapes that feature nosth-south longitudinal
motion of the main vault,

3. RESULTS
3.1 Static Gravity

From the results of the sraric gravity analysis of the Great
Tall, it can be concluded thar gravity alone did not cause any
of the damage seen in the structute. No critical teasile SLresses

| 5 rMax Principat
(Avg. 75%)
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Fagure 8--CGravity Stress
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were measured in either the intrados or extrados of the main
vault, as seen in Figure 8, The largest tensile stress measured
was 0.39 MDPa, falling below the critical state of 0.5 MPa. Some
near critical (Le., between (.45 MPa and 0,50 AMPa) stresses were
measured in the lateral arches. Although these stresses alonc
would most likely not cause fracture, additional loading on these
arches could lead to critical fracture, This test was e run using
all vanations of architecture and boundary conditions, bur the
results did not change,

However, as previously diseussed, concrete that had not heen
completely hardened would have been significantly weaker than
fully cured concrcte. Therefore, the critical tensile stress would
have been below 0.5 MPa. We do not know the stzength of the
concrele 1n the Great Iall when the formwork was removed.
However, we can state that the stresses caused by gravity alone
would not have damaged fully hardened opus cacmentacium.

3.2 North-South Overturning

The north south overturning analysis yielded some significant
results regarding the present damage in the structure. At 0.20g,
1 of the 14 picrs supporting the main vault underwent a critical
tensile stress, with 2 maximum measured teasile stress of (.54
MPa. At 0.35g, 12 of the 14 picrs undenvent critical tensile
stresses, with a maximum measured tensile stress exceeding
1 MPa. This would cause fracture in the piers, leading to a
complete structural failure as suggested by Croct et al. The
magnitude of the acceleration plays a large role i the number
of critically stressed piers and the maximum tensile stress.
Also, 2 majority of the lateral arches underwent critical tensile
stresses due to north south acceleration. In the (.26g scenario,
8 of the 14 Iateral arches underwent critical tensile stress, with a
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X
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maximum measured stress of (.78 MPa. In the 0.35g scenario,

9 of the 14 lateral arches undenwent critical tensile stresses, with
a maximum tensile closc to 1 MPa. The stresses present in the
lateral arches provide a waable explanation for the previously
mentioned damage seen in the arches, which are either fractured
or have been completely rebuilt.

3.3 East-West Overturning

The tensile stresses in the intrados of the main vault {from
the cast west overturning analysis were especially meaningful.
‘The 0.35g test produced stresses in the middle of the intrados
exceeding 0.5 MPa (Figure 9), likely causing fracture in the
trados. ‘These numerical results correlate well with the fracture
present in the intrados of vaulr, shown in igure 5.

3.4 Modal Analysis

Finally, 2 multi-faceted modal analysis of the Great 1all
was conducted in order w observe its interactions with a
typical earthquake. Specifically, the natural frequency of the
first north-south longirudinal mode was compared (o typical
north south earthquake frequencics, Iirst, the basic boundary
conditions were used on the Roman architecture, yielding a
natural frequency of 3.46 11z, The basic boundary conditions
on the Renaissance architecture yielded a natural frequency of
3.55 1z Next, the extended boundary conditions were used
on both the Roman and the Renaissance geometries, yiclding
natural frequencies of 6.96 1z and 7.11 Iz, respectively. ‘The
model architecture was then adjusted in order to more accurately
depict the actual structure; specifically, a shear wall was added
to the eastern vaults, and 2 gabled roof was cat out of the
eastern extrados. Using these new architectural adjustments and
extended boundary conditions, natural frequencies of 10.02
Hz and 10.07 11z were recorded for the Roman archirecrure
and Renaissance Architecture, respectively. The results are
summarized in Table 1. The first north-south flexural mode for

Modd Descriptamt N-S flexural mode Frequency
A [Roman configuration, basic BC Ist mode 346 He
Rumian ;maf-w-vulim . ’ .
B extended BC 3rd 696 Nz
Renaissance configuration |
C busic BC st 355100z
Resaissance conliguration )
D extended BC 3rd Tz
Romun confizurstion ,
¥ extended BC, with shear walls Gth 10.02 Hz
gl zubles
Reanssance conlzurntion ,
F | extended BC, with shear walls Sth 10.07 He
and gubles
Romwan conliguration , with
L southern structures modeled L S
Renassance configuration
u L wilh sputhern structures 1st 5.79 Hz
modeled .

Iable 1 The modal amalysis resules for the Roman and Renaissance
architectures, using, both the basic and extended houndary conditions. Thise
sesults show that the architeetural differences have lide effect on the natural
frequency (A va. C, or B vs D), but the boundary conditions have 2 ssgmficant
effect on the frequencics (A vs B, or € va D). The addivon of the shear walls
= the far eastern wall sipnsficantly stiffened the structure, thus mescasing
the matural frequencey of the first N-S fexural mode (B s For Dvs 1) As
cxpected, the modeling of the southern stractures (G and H) yilds a naturnal
frequency thar falls beeween the basic boundary condtions.

!

Figure HF Mode Shapes

the Renaissance model is shown in Figure 1{,

Three important conclusions can be drawn from these
results. First, the Roman and Renaissance geomcetrics show only
a marginal difference in the north south modal frequencies.
Second, the extended boundary conditions greatly increase the
natural {frequency; in fact, the frequencies are approximately
100 higher when using the extended bouadary conditions.
This difference is important, and must be addressed. 1'hird, the
sheer wall significantly stitfenced the structure in the north south
direction,

3.4.1 Modal Analysis with Sosuthern Siructure < Lrchitecture

[Due to the difference berween the basic boundary conditon
results and the extended boundary condition results, a
different set of boundary conditions must be considered. As
previously mentioned, the architecture was adjusted to include
a representaton of the southem structures. This provides
a more realistic siffness on the southern face of the Great
[Tall, falling somewhere between the zero stiffness and mfinite
stiffness scenanos. Using this southern structure model, the
modal analysis yields a north-south longitudinal frequency of
5.40 Hz, which is significantly lower than the extended boundary
condrtion results. This proves that the exténded boundary
conditions were, in fact, far too saff.

The natural frequencies of the structure must now be
compared 1o the prominent nosth south acceleration frequencies
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frequencics are determined via the decompositon of an
carthquake’s accelerations using an FF'I, The spectral analysis

~ of a typical earthquake signal shows that the high amplitude
frequencies lie between 0 and 10 11z (Swavngim 2008).
Thercfore, the narural modes could Iikely be excired, as their
frequencies also fall between 0 and 10 11z, Such excitation could
mean that a senes of small vibrations crearc large displacement,
thus leading to structural damage.

4. DISCUSSION

One distinguishing feature of the Great Hall is its asymmetry.
Because it 1s bult on a hill, the eastern half of the structure
lies higher than the western half, as shown in Igure 5. In the
modal analysis, the top foor of the castern half often underwent
greater displacements than any other section of the structuge. In
an earthquake, it would draw a disproportionally large amount
of the carthquake’s energy. On one hand, this would cause more
damage 10 occur in the eastern 4th foor. This numerical resule
corrclates well with the current damage on the 4th floor, where

all vaults have collapsed. On the other hand, this mechanism
would also draw cnergy away from other features in the
structure, thus preventing damage from spreading to the main
vault,

The damage in the lateral arches can be explamed via the
nosth-south overturning analysis. 'his suggests that typical
carthquakes in the Lazio region of Italy could have caused the
damage i the lateral arches via horizontal acceleration alone.
Similarly, mn the east west overturning analysts, critical tensile
stresses occurred along the longitudinal axis of the intrados of
the main vault. These stresses could be related to the [racture
observed in the vault.

Other damages, however, cannot be correlated 1o the present
results. The collapse of the northwestern room, for example,

15 still unresolved. One possible explanation could be found in
the excitation of 2 torsional modc. Because the room is in the
comer of Great Tall and located far from the structuge’s center,
1t would undergo large displacements when a torsional mode is
exaited. These Targe displacements could Iead 10 critical stresses
and fatlure.

The Great Hall's continuing survival is a testament 10 the
engineering ability of the Roman Empire. Although it has
sustained some sigoificant damage, the Great Hall remains
largely in a state of excellent structural conservation. Important
aspects of s damage state can be explamed through the vatious
analyses we conducted. In particular, the modal analysis has
shown the castern 4th floor’s capability of absorbing carthquake
encrgy. Bventually, a complete aumerical mvestigation will
require a dynamic analysis of the Great [all, subjected to the
actual ime-dependant ground aceelerations caused by a typical
carthquake and with the opus cacmenticium modeled in both ifs
clastic (undamaged) and fractured (damaged) states.
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n 1984, Joannce Akalaitis dirccted 2 now notorious

production of Samuel Becketts Lndgame at the
Amencan Reparatory Theater in Cambridge, Massachusetts.
Beckett, furious abour the arristic liberties Akalaitis took with his
play, tried to get a legal injunction against the production, In the
end, an out of court settlement allowed the show to continuc,
but every night, audicnce members opened their programs to
sce an inserted message from Beckert himself, The message
declared the production aa unac ceptable interpretation of
his text, Beckett’s criticism centered on a single aspect of the
production the set design (Nelson).

The set of Indgame, as described in the original text,
consists of a room with two small windows toward the back
and a door on the right. The opening text of the play suggests
a location with a sparsc, dour tone: “Basze interior. Grey light”
(Beckett 1), Whether or not Akalaitis® set, designed by Douglas
Stein, retained this tonc, the imagery differed extensively from
what the text dictates. The set resembled “a hombed out subway
tunnel, littered with metal beams and charred subway cars.”
This wasn’t the first production of lindgame with an extremely
different set—one production in 1983, for example, flooded the
stage with murky water. Another production in 1973 housed
the audience in chicken wite eages. Yer Beckert did not pursuc
legal action against cither of these productions (Nelson), leaving
us to wonder why the setting— and, morc spealfically, Akalaitis’
particular changes to the sctting —1s particularly important in
Findgame.

Some have suggested Beckett’s particulardy strong reaction
to the Akalaitis set is simply the response of a Tyrannical,
changeable artist who expected his stage directions to be
followed to the letter (Murray). [Towever, such an argument
docs not just discredit Beckett but diseredits the play
itsclf, Setting plays a powerful role in indgame. The play’s
protagonists, [ Tamm and Clov, are locked in a constant struggle
for dominance, and the set becomes pazt of their battlefield.
Since [Hamm s blind and immobile in his old age, he has
extzeme difficulty making physical changes to the set in order o
demonstrate his dominance. Clov makes most of the physical
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changes. Instead, [{amm attempts 1o intellectually control Clov’s,
and consequently the audience’s, impression of the sct.

Here “set” refers 10 more than the mise en scéne. The
setting of Endgame can be understood as four separatc scts,
or four levels of sctting;: the hiteral set, the fictional set, the
metathcatical set, and the assumed set. Fach set hecomes
increasingly ambiguous and, as a result, further influcnced by
Tamm’s testmony. While Clov largely exerts physical control
over the sets, | lamm exerts dialogue dsiven and psychosocial
control. Uldmately, many readess, notably Akalaitis and German
sociologist Theodor Adorno, find Hamm’s verbal appeals highly
convincing. However, it is important to note thar Beckett offers
VICWELS no certain confirmarion of any setting beyond what
we see onstage. Clov, who by the cad of the play threatens
to leave the first two levels of setting, the levels where he has
the most control, and brave a world beyond his and audience’s
understanding, threatens 1o enter a space that the characters
cannot or choose not to specifically define. At the end of the
play, Clov stands at the door, ready to leave but not leaving: the
final linc of dialogue in the play is Famm’s commentary, “You...
remain” (Beckett 82-84). T'he audience has no way of knowing
what kind of world Clov will find outside.

By threatening (o leave the set, Clov brings into question the
validity of the fourth level of setring, Suddenly the audience is
motze cunious and worzied than ever about the potential truth
of what lics outside the characters’ door. Akalaitis’ attempt to
litczalize the post apocalyptic ideas presented in the play—ideas
that together shape the fourth, assumed st answers the
viewer's question quite easily. The audience does not aced to
ask what remains of the world outside of Akalaitis’ set— Clov
may travel down the subway tunncls at the end; the andience
can expect he will see more of the same. By contrast, the other
aforementioned artistic interpretations of the set, against which
Beckett did not pursue legal action, made changes that only
impacted within the literal set. Fven if the changes might scem
cven more distracting than those sanctioned by Akalaitis, they
have a less important overall ¢ffect on the play, at least the play
as determined by setting,




|
In short, Beckett’s one room literal sct, a sct largely removed
from the American Repertory Theater’s production, 1s integral to
the play preciscly because the audience remains unsuze of whal
settings, and possibilines, lic beyond.

LEVEL ONE: THE LITERAL SET

The literal set is the only unambiguous sct of ndgame.
The set is made up of the concrete objects and hghting that
the audience can percenve onstage. Beckert explains his mise en
scéne in the opening of the play. The set includes a door on the
right, two small windows near the back of the stage, and grey
light. Theze s also a picture hanging backwards on the wall, two
ashbins on the left and an armchair on castors in the cenler.
Ilamm sits 1n the armchair, and two addittonal characters, Nell
and Nagg, arc located within the ashbins, but their presence
1s not immediately elear to the audience because everything is
covered in sheets when the show begins (Beckert 1).

Many critics comment on the dire atmosphere created by
the literal set. In the New York Times review of Tndgame’s
American premiere, Brooks Atkinson more or less repeats
Beckett's presenbed sct design, modified with depressing
adjectives. He calls the set, “a gloomy brick cavern with spectral
light, two grotesque windows that can be reached only by a
ladder, scabrous walls, rubble, decay™ (Atkinson). Beckett scholar
Katharine Worth speaks of the literal set’s claustrophobic and
sparse nature. She wntes, “There 1s an oppressive impact from
the uavarying grey light and the refusal of ordinary comfornt™
(Worth 36). Similarly, Shimon Levy draws a connection between
the covered objects that Al the closed, interior set and the way
characters discuss their bodies. He writes, “body and heart
are also descrbed in terms of closed space: ‘last night T saw
the mside of my breast™ (Ievy 23). Clearly the first set has an
important visual and thematic impact. The first ser also includes
an extreme irony, since the gloomy space is meant to be the
central room of 2 house, 2 family room, which now perpetuates
a twisted sense of family through the characters who operate
within its scabrous walls (Worth 36).

[Tamm calls the house “my house” (Beckett 36), and since
[lamm remains immobile and blind throughout the play, he is
forced to remain within one room. However, it is Hamm's very
immohbility that gives Clov ultimate control of the hiteral set,
Clov is the only character who may move about the environment
unassisted and who can assert physical changes on the
eavironment, such as uncovering the objects onstage in order to
begin the play (Beckett 1). Clov is the only character who moves
through the onsrage door and the oaly character who can reach
the windows via a stepladder in ozder to look out the windows
first hand. Clov never chooses to show the audience the face of
the pictuze facing the wall, though doing such would easily be
within his power. In fact, this example of a continued unknown
parallels the effect of the higher level sets throughout the play.
Clov never turns the picrure around to reveal the image, and he
never leaves the immediate house to reveal the world outside.
Thus, the imagery of the literal set demonstrates Clov’s ultimate
control of the set.

However, the housc stll offically belongs 1o [Tamm, At one
poiat Hamm tclls Clov, “my house [was| a home for you,” and
Clov agrees (38). Hamm forces an acknowledgement that Clov

15 able to operate within the set, qualified by the past tease, even
as Hamm msists upon his ultimate ownership of the space.
Such msistence continucs over the course of the play. Charles
R. lyons describes the set as a prison for Clov since [Tamm
constantly commands Clov inside the room. Lyons writcs,

“I'he image of master and slave subsumes the image of space”
{(T.yons 55). While the space does serve as 2 prison In a way,
[Iamm’s extreme authoritative action within the literal set may
be read as an attempt to assert control where he 1s essentially
powerless. [ famm can order Clov to move him around the set,
for example, or [etch him props, but Clov can just as easily make
unsancrioned physical changes to the set

One such moment of agency occurs when Clov starts
cleaning the arca withour any order to do so. Though [lamm can
physically change the space by throwing objects Clov offers him,
Clov has the ultimate control because he can clean up the space
as 4 counteragent to Hamm’s sell imposed chaos. Clov goes so
far as to play off the idea of being ordered; twice [ Tamm asks
what Clov is dotng, Clov responds first that he 1s “putting things
in order,” sccond that he 1s “doing [his| best to create a litde
order.” “I love order,” Clov says. “It’s my dream” (Beckett 57).
In this quote, Clov scems to mock Hamm's imited control-—not
only 1s he taking unauthorized physical control of the sct, he
repeats the word “order” so as to belittle [ Tamm’s hmited power
over him and approprate the term {or his own, with his own
meaning; In contrast to Hamm’s orders, Clov’s order makes
sense and 1s deaided upon his terms.

In an attempt to counteract his Emited physical ability within
the sct, I lamm questions the relevance of the set itself, In the
play, ITamm asserts control by mnstructing Clov to move him
around the room and, eveatually, to sitvate him in the prease
center of the stage. liven before [Jamm resumes the center of
the room, he makes two accusations aboul the wall. He touches
the wall, finally making physical contact with his own house. [ e
says, “Beyond 1s the.. . other hell” (26). This clusive, doom laden
statement evokes the imagery Hamm uses to create the fourth
set; it plays off the audience’s utter inability to know what 15
bevond the wall. As a result of this nability, the claim maintains
mystery and strength that distracts the viewer, and likely Cloy,
from the immedrate hteral set by priontizing the unknowable set
outside of the house.

[Tamm gocs on to strike the wall. He savs, “Do you hear?
Hollow bricks! All that’s hollow!” (26) This is a highly theatrical
gesture on [Tamm’s part. If he has lived in the house for years, as
implied, he very well ought to know whether his walls are hollow
or not. Therefore, his actions are a performance for Clov and
the audience, rather than an evocation of actual shock. Whether
or not Clov “hears” or agzrees, Hamm’s appeal 1s likely to appeal
to the theater goer, who knows that the wall of the room may
very well be hollow. Hamm questions Clov abourt the 1ssue, but
n effect he speaks to the audience, 2s the metadrama reminds
and thus counters the audience’s suspension of disbehef Hamm
cleatly breaks from Beckett’s behiefs—though Hamm may call
the wall hollow 1n order to munimize 1ts narrdtive rmportance,
Beckett placed the wall on set for a specific reason. It seems
very possible that this reason 1s that he wishes the audience to
question the validity, and possibly the dramauc importance, of
Hamm’s claims. Flamm’s claims, no marter how effecuve, do
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compelbng claims. In the end, Clov retains ultimate practical
control of the first ser.

LEVEL TWO: THE FICTIONAL SET

Beckett’s commentary and visual clues renders the second
set, the fictional sctyeasy to imagine and likely real within
the narrative of lndgame. The set is still slightly ambiguous
because 1t is inherently available to subjectivity——the fictional
sct consists of locations the audience cannot see bug still exist
as an immediate extension of the on stage world. The set, a
conflation of interior and exterior, refers to the kitchen space
and the outside view as scen though the windows in the room.
‘Though these sets are only available to the audience through
narration , visual cucs in the literal sct, namely the door and
windows, lend credibility to the characters’ claims about the sers.
Hamm and Clov gencrally agree about the logistics of mlerior
kitchen, but | fTamm constantly questions Clov’s reports of whar
exists berond the windows, calling attention to the subjective
narure of the fictional set as a whole.

If Hamm owns the room of the physical set, the kitchen is
charactenzed as Clov’s domain. This is established within the
first speech of Endgame. Clov says, “T'll go now to my kitchen,
ten feet by ten feet by ten feet, and wait for him to whistle
me” (Beckett 2). From the start, Clov claims ownership of the
kitchen and suggests that Hamm normally whistles because
he expects Clov to be in the kitchen. Clov offers the audience
concrete dimensions that lead credibility to the fictional space
and help the audience imagine the space. Moreover, Beckett
himsclf confirmed the existence of a kitchen multiple times, An
catly manuscript of Iindgame focuses entirely on Clov’s—then
known as F—attempts to cscape to the kitchen {Lyons 51), and
later, Beckett said that one of the main tensions of Endgame is
Clov’s struggle 10 return to the kitchen as [ lamm attempts to
keep him 1n the main room (Worth 83). Indeed, Clov retreats
to the kitchen multiple times over the duration of the play.
Clov’s focus on the kitchen is somewhat rebellious in nature.
The kiichen belongs to Clov because, as 4 servant, he can use
the space to prepare meals for Hamm. Yet the space also offers
Clov partial owncrship of [ Iamm’s housc and lmits Hamm?’s
overall claim to his home.

Clov appropriates the kitchen, a place of scrvice where he
could cook for Hamm, as a sanctuary free of Hamm. Worth
emphasizes the importance of Clov’s kitchen, calling 1t “his
great advantage over Hamm.” She cites the fictional status of
the kitchen as part of its sizong narrarive power. She wrtes, “We
know we will never sce into that mystetious space where Clov
looks ar the wall and sces “my light dying’ It sounds grim yet
might suggest the possibility of change; the dying of 2 light as a
prelude to 2 new day” (Worth 83). Clov’s escapes to the kitchen
arguably foreshadow his eventual escape to the outside world.

The audience, and [lamm, receives key information of
this outside world through Clov’s seports of what he can see
through the rwo windows of the set. Clov claims there is land
on one side of the house and the ocean on the other (Beckett
27-30). Hamm agrees with this information, bur he argues
with Clov on more precise conditions. When [ Iamm asks
Clov to describe the sun, for example, Clov answers “Zero.”
Hamm replies, “But it should be sinking. Look agam.” Clov’s
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revised assessment is elusive—“Damn the sun™ (31). This final
thought offers little information about the state of the sun,
when Hamm and the audience both rely on Clov for information
of the outside world. Clov’s reports of the world outside are
subjective, at times clusive and always potentially false. As Lyons
writes, “The gap between the landscape outside the windows and
Hamm’s consciousness cannot be bradged,” and this throws all

of Clov's claims about the outdoors into question (63). As such,
the windows, like the kitchen, provide Clov a means of defying
ITamm.

"The audience and [amm rely equally on Clov's reports of
outside, and the kitchen is specifically Clov’s domain. As a result,
Iamm’s attemprs to control the fictional set are all addressed
directly to Clov, as opposed to his attempts to control the literal
set, which resonate more deeply with the audience. Hamm
responds to the fictional set much as he responded to the lireral
set. That 15, he does everything in his power to undesmine Clov's
coatrol over the ser. Hamm questions what Clov plans to do
in the kitchen. Clov explains that he looks at the wall. Hamm
responds, “The walll And what do you see on your wall? Mene,
mene? Naked bodies?” Clov explains that he sces his light dying,
to which Hamm retorts, “Your light dying! Listen to that! Well,
it can die just as well here, your light” (12). I lamm mocks Clov's
activitics, exaggerating what Clov might see on the wall by calling
it 2 potential portent of doom or a crude hallucination of naked
bodies. Though Worth describes Clov’s observation of his light
as a hopeful activity (Worth 83), Tlamm speaks of it as if itisa
ridiculous idea. Underlying [Hamm’s mockery 1s an attempt o keep
Clov from leaving the main room. Hamm’s mockery attempts to
prevent Clov from accessing a set where Clov exerts control,

Similarly, 1 lamm attempts 1o interpret and redefine what
Clov sees through the windows. As scen in the aforementioned
quote about the sun, Clov can easily circumvent any claim Hamm
makes about what the windows should or shouldn’t depict. As
a result Hamm resorts to mocking Clov's reports. When Clov
reports that the light is gone, ITamm responds “Pah! We all knew
that” (Beckett 30). It s telling that Beckett desceribes Hamm's
response as “relieved.” He is pleased when Clov confirms what
he expected to hea, in part because the outside world seems
to match his expectations, but also because by expecting such
a result, Tlamm maintains some level of control in the view
from his windows though his correct knowledge of the world.
Of course, either Clov or [Tamm (or both) could casily be Iying
about what they have seen and expected to see outside the
window. Regardless, | lamm attempts to minimize Clov’s power
to determine the immediate outside wotld, the fictional set, by
suggesting that Clov’s observation was unnecessary and unhelpful.
In general, ITamm presents his weakest defenses against Clov
when attempting ro take control of the fictional set. Clov's ability
to move combined with the need for eyewitacss accounts in ozder
to confirm what cannot be seen by the audience allows Clov the
ability to define and dominate the fictional set.

LEVEL THREE: THE METATHEATRICAL SET

If the fictional st is largely dependent on Clov’s testimony,
the metatheatrical set 15 lasgely dependent on the existence
of an audience. On some level, the audience is always aware
thar they are observing the fictional, artificially constructed




setting of Endgame in the real-life setring of a theater. At the
same time, theater requires a suspension of disbelief where

~ audience members arc asked to forget that they are watching a
performance on a stage. Though all plays have a real Iife setting,
only some plays break the suspension of disbelief in order to
call artention ro, and draw distinctions between, the real and the
fictional. Narurally, the characters in Endgame, especally Hamm,
strive 1o control every possible set; it is not surpzising that the
play is peppered with metatheatrical references that suggest the
characters’ control of the audience through their connections
with the real life world.

In a way, the metatheartrical set is stll more ambiguous
than the fictional set. (At least both charactess and the literal
set confirm the existence of 2 fictional set within the fictional
world of the play. Aside from references to theater and the
rare stage direction that a given speech should be delivered 1o
the audience, the charmacters never outright acknowledge the
metatheatrical set. The metatheatrical references constantly
bring into question the extent to which the characters are aware
of the audience. Does [Tamm acknowledge the audience mn his
metatheatrical references or merely theater itself? Regardless,
Ilamm’s metatheatrical references do engage the audience m a
way that gives him control of the set and, to an extent, control
of the audience.

Hamm makes 2 number of comments about play-acting,
famous plays in the theatrical canon, and theatdcal conventions.
Hamm’s first line 1n Endgame 1s “Me (he yawns) to play”
{Beckett 2). The verb “play” 1s ambiguous; Flamm could be
declanng that he wall play a fictionalized role, or he could
simply be declaring his intenr to participate in some sort of
game. Either way, it is an acknowledgement that he is an
active participant in a constructed envitonment. As his first
linc 1t suggests his character has been newly created for some
sort of artificial purpose. Ilis yawn ronically underscores the
cnormous significance of such an admission, but his potential
self awareness and the way his line resonares with the audience,
who knows he is alrcady playing, gives him some control of the
merathearrical sct.

Another metatheatrical moment occurs when ITamm cries
out, “My kingdom for a nightman!” (23} The moment recalls
Richard I1I’s famous linc, “My kingdom for 2 horse!” at the
chimax of Shakespearce’s play. TTowever, in Endgame the line
carries a very different tonal feel, since a nightman is someone
who emptics toilets at night. In the onginal text, Richard is
calling for a horse before he dies in battle; in fact, the line 35 the
character’s final piece of dialogue in the play. [Tamm’s rewritten
version of Richard’s request is hyperbolic and humorous.
Hamm will not die if he does not obtain a nightman, and the
line is certainly not his last in the play. The reference to Richard
111 encourages the audience to compare Richard and ITamm.
This is a particularly interesting companson, since Richard
was a tyrannical king who murdered those who prevented
him from obtaining and mamtaming the throne, Ilamm 15
accused of allowing the unnecessary death of Mother Pegg,

a character mentioned 2 few times in the text (75). Morcover,
[lamm certainly holds a tyrannical position in the houschold,
ordering Clov around and shutting his parents (Nell and Nagg)
n ashbins. [t 1s unclear whether [Tamm or Beckett wishes the
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audience 1o draw such connections. More importaatly, [ Tamm’s
manipulation of a famous Shakespearian linc suggests an
awareness of Shakespeare’s work and 2 potential avareness

that he, like Shakespeare’s Richard, is a character in a play. "This
knowledge gives [Tamm control in the meratheatrical sct, and
Hamm exercises further control by modifying the onginal hne

to undermine the orginal dramanc significance and potency. If
Ilamm is consciously performing, modifying the ine suggests an
impressible ability to control his performance.

Finally, Hamm’s references to theatrical conventions allow
him to mock audience expectations. Seven pages from the end
of the play, Clov claims to see a boy approaching the house.
Hamm responds, “More complications! Not an uaderplot, |
trust” (78). Iiven if the audience is unsure how much longer the
play will continue, they will ikely be aware that it is far too late
in the play to mtroduce and develop an underplot. As a resull,
Hamm’s statement plays off the audience’s expectations about
what might happen in the remainder of the play. In this context,
his line functions as both audience commentary, since viewers
may very well be thinking the same thing, and as a threat 1o the
audience, since an onstage character asking i an underplot will
unfold suggests Beckett was considering an underplot at this
point. As 2 result, Hamm’s metatheatrical comments also allow
him psvchological control over the audience.

Hamm's theatneal flounshes hint at TTamm’s constant
msistence on his theatneal value. Levy writes, “Tlamm
consciously refuses to peel off his ‘actor’ role. Not only Clov,
his main audicnce, but his parents also...are a nervous, unwilling
audience sick of playving the audience role” (Levy 96). As such,
Hamm tyrannizes the other characters with his performance.
His performance as a character in the drama 1s deliberate, if not
voluntary. Jonathaa Boulter characterizes ITamm’s meradramaric
activities as villainous, an “almost maniacal manipulation of
detals” where Hamm “looks like he 15 attempting to assert a
creative, extstential autonomy” (Boulter 50). Boulters use of
“almost” and “looks like” suggest the ambiguous nature of the
metadramatic set it is impossible to know if Hamm’s activitics
come from a metadramanc self awareness—but it scems highly
likely.

It 1s important to note that Hamm docs not hold monopoly
on metadrama in the play. Clov makes a foew metadramatic
comments of his own. The most important example occurs
at the very end of the play. Clov prepares to leave Hamm'’s
housc, and as he goes to the kitchen to gather his things, Hamm
attempts to stop him from leaving. Clov “halts, without rurnmng”
and responds, “This s what we call making an exit” (Becker
81). The moment demonstrates an awareness of his dramanc
flair, and the line resonates with the audience and Hamm
because both parties likely presume Clov’s exit will be his final
appearance 1n the play. However, Clov returns shortly with hs
things, prepared to say final goodbyes before he makes his real
exit. As a resulr, the line plays on audience expectanons m 2
way that suggests an awareness of the audience. Even more
significant, though, 1s Clov’s awareness of Hafnm's metadramarnc
activities. He says, “this 1s what we call making an exxt,”
suggestng that both he 2and Hamm have the awareness needed
to control the meradramaric set. It scems fitang, then, that this
linc is Clov’s last in the entire play. In the end, Clov
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seems to gain Hamm’s ability to play upon and manipulate the
metadramaric sphere, threatening | lamm’s control of this level
of the set in the final moments of the play.

LEVEL FOUR: THIE ASSUMED SET

Arguably the most compelling serring in ndgame is also its
most ambiguous. The play 1s littezed with gloomy hints of what
lies beyond the fisst three sets and the current state of socicty.
“These hints come in three categories: nostalgic comments about
nature, remarks highlighting limited resources within the house,
and ambiguous statements about what exists beyond the housc.
Importandy, most if norall of these hints osiginate from Hamm.

The hints can be cobbled together to consrruct a dark,
post-apocalyptic version of the world. In terms of ambiguous
statements, Hamm states, “Ourside of here it’s death™ (9). He
repeats the statement near the ¢nd of the play, except the second
fime it is punctuated with an exclamation mark (70). This might
not seem like a terribly ambiguous statement, but it is unclear
whether the death Tlamm describes is literal or metaphorical,
past or current, and refernng to death of people or the death
of the environment. Though the statement is effective in
1ts shockingly blunt natuze, it does not offer the audience
any concrete mformation, In another example, I Tamm says,
“Imaginc if a rational being came back 1o earth, wouldn't he be
Liable to get ideas into his head if he observed us long cnough”
(32). He then proceeds to imitate the “rational being” for Clow.
This statement is ambiguous not for any lack of specificity but
because 1t 1s presented as a joke. While it’s possible that humans
have abandoned the planct and all live in spacc in the universe of
Endgame, it seems far more Iikely this was meant as a joke.

Another way in which [Tamm—and Clov — perpetuate
the idea of the assumed set is through discussions of Emited
resources available. Though in most cases this refers 10 a lack
of food (6, 55, 56, ctc.), one particularly striking example occurs
when they discuss their lack of bicyele-wheels. Clov waxes
poetic, “When theze were still bicycles I wept to have one, 1
crawled at your feet. You told me to go to hell. Now there
arc none.” Much Iike the line about rational beings, there is
something hyperbolic, even bitterly funny, about this declaration.
Both Clov and [ lamm act ndiculously in the ancedote—Clov
crawlhing, ITamm cursing Clov to hell-to an extent that one
could interpret the line as parody or metaphorical. The hines
about a lack of food are far more convincing and compelling.
[owever, Lyons dleverly points out that at one point in the
play, Clov says he only speaks the words Hamm taught him,
This statement throws many of Clov’s lines during the play into
question (Lyons 65). Clov could be lying, or simply misinformed,
when he discusses the food shortage.

The final set of hints [ lamm drops about the assumed set arc
nostalgic comments about nature. Hamm seems to characterize
the world beyond the literal house as an cavironment utterly
lacking narure. | lamm and Clov discuss the topic:

LEAMM: Natare has forgotten us.
CLOV: There's no more nature.
/TAMM: No more nature! You exaggerate.
CLON: [a the vicinity.
{Beckerr 17)
Ironically, this quote seems to label Clov as the chasacter
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msisting on 2 lack of natuze. However, the audience cannot
trust anything Clov claims as truth, since he might be parroting
Hamm’s opinions. Morcover, Clov does not begin 1o comment
on nature until flamm begins the conversation. The quote
displays a constant effort to define and 1e define the characters’
belicts about nature, suggesting much uncertainty. linally
“naturc” is an elusive term here and could even refer to human
nature rather than the natural world, This clusiveness can also
be seen in a poctic waxing on the subject. Hamm fantasizes, “I'd
go into the woods. My cyes would sce... the sky, the carth, I'd
run, run, they wouldn't catch me” (18). This quote can cither
read as a contradiction to the idea that narure is gone, or it can
be read as an impossible fantasy for a world long gone. This
latter reading is eacouraged by Hamm’s ability to use his legs in
the fantasy, when the speaker is clearly and permanently located
mn an armchair as he delivers the lines. If nothng clsc, these
examples prove that the question of any potentially remaining
flora or fauna is very much a part of Ilamm and Clov’s everyday
life and rypical conversations.

Put together, these little hints and others like them form
a dark image of a post apocalyptic world that exists beyond
the lireral set. However, 1t is important to remember that the
characters never officially confirm the assumed set (henee
1ts label). Boulier points to a story IHamm tells about the
world beyond the literal sct. “The story is full of poverty and
desperation, but Hamm begins with specific descriptions of the
weather conditions in which the story takes place. According
to Boulter, the insistence upon specific details represents
ITamm’s attempt to control all aspects of the story Boulter
46). At another point in the play, amm tells the story of a
{riend in an insanc asylum. | lamm explains, “I'd take him by
the hand and drag him to the window:. Look! There! All that
rising corn! And there! Look! The sails of the herring flect! All
that lovelinessl...He'd snatch away his hand and go back into
his comer. Appalled. All he had seen was ashes” Beckett 44).
This story shows the poteatial for characters who interpret
their world subjectively. Andrew [, Kenned writes, “It is not
clear whether [Tamm’s vision is 1dentical 1o that of the madman
who thought the end of the wozld has to come (Kennedy 52).
Kennedy’s analysis immplies, however, that even if [ lamm’s vision
differs from that of the madman, the anecdote still demands
the audience to contrast [ lamm’s discussion of nature with the
madman’s potentially mistaken ramblings. It is also possible
that the madman understood a greater truth than Hamm at
the tme of the anecdote. T'he only thing careful readers of
the text can know for certam is that Beckett docs not offer the
audience enough information to know whether or not the post
apocalyptic or dystopian suggestions are meant as entirely truc,
true as metaphor, or entirely false.

The assumed set appeals to many cntics, which only gocs
to prove that Hamm is extremely successful in his atrempr to
contro] the fourth level of sctting in Endgame. 'The assumed
set certainly inspited the Amencan Reparatory ‘Theater’s set.
Akalaitis” New York subway tunnel and industrial litter attempted
to show a world after a bombing had taken place (Nelson). As
Hamm spoke of death outside and Clov spoke of “no more
nature,” the andience could stare at char marks on the walls
and attach a literal, likely political significance to the character’s




clams Stmilarly, Adorno read Endgame as an extended
metaphor for a post-apocalyptic, perhaps post-Tlolocaust sociery.
He writes, “The condition presented in the play is nothing other
than that in which ‘there’s no more nature.”.. . Indistinguishable
15 the phase of completed refication of the world.. .t 1s
permanent catastrophe...in which nature has been extinguished
and nothing grows any longer” (Adorno 122 123). Adorno
completely accepts the assumed set 2s the truth and basis of the
play. Kennedy claims the apocalypric reading is both compelling
and accessible, e writes, “The chess analogy does not work
concretely or with any particular force. The metaphor of cosmic
extinction probably finds a response in a great number of
people.” He cites a potential collective understanding of the end
of the world, the role of the apocalypse in early mythologies,
and modern nuclear war scares (Kennedy 53). The apocalyptic,
or post apocalyptic, reading of the play has received cntical
acclam.

By contrast, Lyons bluntly states, “T'he objective fact of
the external world has no real significance in the play” (Lyons
63). I am inclined to agree. No matter how compelling, Beckett
reminds us that the fourth set of the play is, in fact, assumed,
made up of subjective storics and metaphors, without any
concrete facts or evidence. Tivan [orowitz argues that the play
1s based more around uncertainty than apocalypse. In his article
“Endgame’: Beginning to 1ind,” he analyzes the final moments
of the play. Clov claims he will leave Hamm, [le appears
onstage “dressed for the road” (Beckere 82) but as the lights
dim and the play concludes, he remains by the door, watching
[ Tamm. It 1s very likely Clov is rehuctant 1o leave because of his
understanding of the world outside. He has been told outside is
death, a place that may not withstand human survival, Adorno
might have considered Clov’s exit suicidal. Ilowever, I lorowitz
points out that the ending of the play 1s shrouded 1n uncertainty.
He wrrites, “In the end, we fear two things: that Clov will never
leave and that Clov will leave (and find nothing). Between
those alternatives there 1s no room for hope, but there 1s room
cnough to wonder” (Horowitz 127). There is also a third,
unacknowledged alternative — Clov might leave and find [ lamm
has exaggerated the state of the world outside of his house.
This ending scems highly unlikely given the themes of death and
loncliness present throughour the play. However, it 1s important
to remember that the third possibility remains, even 1t Beckett
docs his best to make the viewer forget that fact. Moreover,
Clov’s goal 1s not happiness so much as freedom. Horowitz
writes, “The only way out of Hamm's game of death 1s death,
or rather a retreat to that outside which 1 lamm calls death. For
Clov, the end represents not only a space of termination but also
a spacc of possihibty” (124). The ambiguity of Beckett’s fourth
set allows for such possibilitics, and Hamm’s visible struggle for
control over the previous three sets allow viewess to recognize
the ambiguitics of the fourth set, no matter how convincing 1t
may sccm.

In conclusion, the setting of Beckett’s indgame operates
on four different levels. [lamm and Clov battle for control of
cach level, and Clov's final threat to abandon the first three sets
and brave the highly uncertain fousth set forces the audience
to imagine the fourth, assumed set and to hypothesize about
whether Clov wall survive—and whether he will actually leave.

Akalaitis’ production was not the first and will not be the
last production 1o diverge from the exact text of Beckett’s play.
New iterations and incarnations of plays are an integral part of
theater. lowever, deeper analysis of the role of set in Endgame
offers a potential explanation for Beckett’s outery at the
particular deviations in Akalaitis” set. Akalaitis’ changes question
what Beckett wanted to leave for the audience. Set changes arc a
director’s prerogative, but it helps if a director understands the
full impact of the changes they make to the text. One wonders
if Akalaitis was fully aware of what she was cutting from
Endgame—and what she added. In deviating from Beckert’s
vision, she incvitably created something new and unique. She

also, incvitably, failed to represent the story Beckett chose to tell.
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theory is a simplified modcl that allows computa

tion in 2 complex reality with relative simplicity at the
expense of irrclevant factors. In the theory surrounding evolu-
tonary fitness, synonymous mutations have been disregarded as
wrrelevant factors. Synonymous mutations are genctic mutations
which do not affect the polypeptide chaia yet produce distinct
mRNA. The irrelevance of synonymous mutations, duc to their
protecomic equivalence, predares a greater understanding of the
transport of mRNA from transcription to translation, Recently,
studies regarding mRN A folding and stability, translational kinet
1cs, and RN activity have provided new mechanisms that may
transduce fitness without alfecting the polypepride chain. The
relevance of pre translational mRNA kinetics is relatively new
and 1nvolves the activity and phenotypic transduction through
direct, pre- translational mRNA interactions. This paper explozes
the plausibility of synonymous mutations affecting fitness and
subscquent selection as well as the semantic interpretation of
relative synonymous mutation levels. In this study, cach of these
mechanisms is shown to have dramatic phenotypic results without
alfecting their respective polypeptide chains. In addition, rela
nve synonymous mutations are shown to affect relative fitness.
Relative fitness associated with relative amounts of synonymous
mutalions is further evidence for an entire world of meaning
within allegedly irrelevant mutations,

DEFINING SELECTION AND FITNESS FOR SYNONYMOUS MUTA-
TIONS

Vitness is the probability of propagating a genotype. More
speafically, it is directly proportional to lifespan, maturation time,
aptitude in mating and courtship, and number of offspring (Orr,
2009), which must be considered relatively on a population scale
(Crow, 1970).

With this definition of {itness, ir 1s also important 1o consider
the transducer of fitness: selection. Selection takes into account
relative population size (Ohta, 1977) and then scales fitness ac
cordingly by the number of possible genotypes and their relevant
combimnations, as well as cach gene's relative fitness (TTartl, 1981).

In “Nearly Neutral Evolution,” Ohta established the possthility

of selection of mutations with minimal selection pressure, such
as that of synonymous mutations and the possible proliferation
of mmnimally deleterious mutations given large population sizes,
therefore allowing, for the proliferation of various synonymous
mutations (Ohta, 1976; Ohta, 1992). Recent estimatons claim the
cffective population size of mammals such as humans is four indi
viduals (Sharp, 1995), which, according to Ohta's Nearly Neutral
Theory, would result in strctly insensitive fitness selection. | lence,
synonymous mutations must have a profound effect on fimess in
order to fit the current model 2nd have a noticeable effect on selec
tion. An analogous situation is that of multi dimensional graphs.
When too many dimensions are incorporated to calculate one
value, small and even moderate changes in individual dimensions

arc lost to the complexity of the system. "Lhis is best visualized

in "high” dimensional fitness landscapes (Wright, 1931). When
a large number of dimensions are incorporated, small changes in
one allelic dimension are nearly insignificant, and this insignificance
translates well to evolutionary selection under the model of Nearly
Neutral Theory.

Nonsynonymous rate

Synonymous rate

Table 1 Respective rates of synonymous and non synoaymous mutation orpantzcd
by gene. 1istone TT4 and 112, which are core clements to the crudial task of chro
mosome [olding and are subscquently highly conserved, have no non synonymous
mutations but still some synonymous mutanons. lior mterferons, the Dnoand Ds
leveds are relatively high. These rates are a diect sesponse to specific environments
and protect the organism on a cellular level. (Clegg, 1991)
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REFINING SYNONYMOUS AND NON-SYNONYMOUS MUTATIONS AND
Tuemr Respective FITNESS AND SELECTION RATIOS
Synonymous mutations arc defined as DNA mutations that

result in codon substitutions which preserve the amino acid se
quence of the subsequent polypeptide. Their counterpart 1s a
non synonymous mutation. Non-synonymous mutations are DNA
mutations that result in codon substitutions which do not preserve
the amino acid sequence of the subsequent polypeptide. Synony
mous mutations were previously presumed under neatral theory
to be selectively neutral, while Non-synonymous mutations, those
which actually change the resulting protein, ace either mostly lethal
or rarely beneficial (Kimura, 1977). Although the idea of ncutrality
provides an imporrant scaffold for the unfolding of subsequent

It measures the proportion of nonsynonymous mutations com
pared o the proportion of synonymous mutations; the proportion
is the measurc of substitution that occurred over the number of
sites where these substitutions may occur. A high ratio corresponds
to highly adapting structures while a low ratio corresponds to 2
well-adapred structure. The Wright Lisher model (Netlson, 2003),
which presents the math surrounding the rato, assumes that the
sequences being compared originate from long divergent structures.
In this situation the Dn/Ds ratio refers to mutations defining this
divergence. Recently, Dn/Ds mtios have been used in the com
panson of scquences within populations. In this companson, the
Dn/Ds ratios signify polymorphisms instcad of mutations. This
results in incorrect predictions from the Wright-Fisher model which
was built to describe alternate circumstances; the developing model
must involve some combination of the fixation equation and the
single population analogue Dn/Ds equation, therefore making the
relevant varizbles 1o Dn and Ds mutation cffects on fitness and
subsequent selection dependent on N, 5, and p where N = popula
tion, s = fitness and |1 = mutation rate.
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The relevant factors of Dn/Ds which affect selection pressure
are therefore: population size, selection coctficient, and mutation
rate (Kryazhimskiy, 2008). Population size 15 addressed i the
discussion of Nearly Neutral theory. Sclection coefficient is an ar
tificial calculation produced by the degraded model and 1s therefore
likely the source of error. Muration rate is a biological constant.
Thus, the only relevant vasiable in the transduction of Dn or Ds
to selection is population size, as stated 1n Nearly Neutral
lhcor}'.

A low Dn/Ds ratio is typically characterized by a low Dn and
high Ds (Mouchiroud, 1995). Histones are paramount proteins that
are highly conserved and show very low Dn/Ds ratios. This reflects
the crucial nature of maintaining the structures of these elements
to preserve funcrion due to their central role and environmental
irrelevance (Table 1), Thercfore, given conclusions which can be
madec bascd on the ratio and the correlation between the two subst
tution rates (Mouchiroud, 1995), the ratio should be decomposable
into a discussion of Dn and Ds cffects on fitness. The onginal
construction of this ratio was intended to normalize Dn to g a
hypothetical representative of the rate of neutral mutation (Drake,
1991; King, 1969). But with the surfacing of evidence supporting
Ds relevance to fitness, it may be important to discuss Do and Ds
separarely.  Alternatively this may simply be confounded by the
correlation hetween these two variables,

Friness MODULATION OF SYNONYMOUS MUTATIONS EFFECT ON
SELECTION

Srnonymous mutations are mutations to DNA that do not
change the polypeptide chain, because multiple codons are knowa
to map to single tRNAs. Intuitively, this would scem to have no
significant effect on the organism since nothing has changed about
its proteome. Yet, this is not necessarily true. Understanding the
process of moving an mRNA [rom the nucleus to the ribosome
is becoming an increasingly complex subject. There are more and
more ways of moving an mRN.\ being discovered, indicaring thar
mRNA may affect the phenotype and subsequently the fitness of
an organism in transit from transcription to translation, regardless
of whether its subsequent polypeptde 1s altered. The mRNA may
be modified 1n such a way that affects its mRNA srability, splic
ing, RNA1L interactions and exon splicing, translational stalls and
subsequently proten folding or chromatn folding (Flurst, 2009;
Parmley, 2007; Charmary, 2006).

A synonymous mutation could easily affect the mRNA stabihity.
There are many endogenous cellular clements capable of mRNA
degradation: RNA 1s a relatively unsiable construct due to the oxy
gen on the 2nd carbon of the ribose sugar which has the potential
to attack the proximal phospho-diester bond. RN Ases and endo-
nucleases are produced specifically to identfy malformed mRNA
and degrade 1. This instability is depicted 1n Figure 2. One way
to merease stability 1s to mcrease the number of GC bonds mn the
structure, thus increasing the strength of bonds and the geaeral
fortitude of the mRNA structure (Kozak, 1988). There are mul
tple observed cases wherein the amount of mRNA reaching the

ribosomes 1s correlated with mutatons from GC —» AU bon
the mRN A sccondary structures. Dopamine Recepror D2
has six obscrved mutations of this nature. As expected, replacng
the GC bonds with weaker AU bonds decreases the stability of the
molecule, enabling spontancous mRN A degradanon and RN Asc
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Deregulation of pain can ofien be deleterious. Too little pain can
leave the organism susceptible to harming itself by neglecting irs
wounds, while too much pain can be debilitating. Hence this mura
ton has selective relevance.

Another relevant suscépubility of mRNA that may be affected
by synonymous mutations 1s RNA interference mnteractions. This is
because much of the initial understanding of these interactions was
of a self regulation intrinsic 1o the gene. The RN AL was produced
by the antisense region of the transcription of a portion of the
mRNA and so was only relevant to its sister mRNA (Beltran, 2008:
Katayama, 2005). In this model, mutations of any type arc irrele
vant, as a mutation in one molecule will be reflected in the antisense
transcription. Receatly, evidence has begun to surface implicaring
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Figure 2 "Three nucleotide chams of RNA and DNA - The 2* Hydroxy and 2 ¢
oxy 15 paanted out on the third nucleotade and the 2' Tydroxy "artack" 25 allustraned
between the 2 Hydroxy on the 2nd nuclkeotide and the phospho dicstes boad joining
the 2nd and 3rd nuclootides:

RNA1 in many extrinsic interactions with regulatory imphications
on a whole ccll level, In bacteria and archea, the CRISPER/Cas
System of ccllular defensc has recently been discovered and is start
ing to take shape. The system mcorporates fragments of forcign
¢DNA into the host genetic code by employing short interspaced
palindromic sequences in the DNA. “These sequences allow for
the incorporation of foreign ¢DNA; it subsequently transcribes
miRNA to interfere with the potency of larer infections. The dircct
action of this defense does not actually require the translation of
the documented invading cDNA; instead, the defense is simply its
antisense cowaterpart (Karginoy, 2010).

During the study of this system, an expenment induced a single
synonymous mutation to a section of 2 palindromic sequence. This
cifectively mhibited the ability of the palindrome to facilitate the
complex folding mechanism thart allows incorporation of foreign
¢DNA into the genome (Marraffini, 2008). An experiment of
a different pature investigated the question of RNAfS potential
for general post transcriptional tegulation.  Known small RNA
sequences were compared within a set of genes translated via or
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thological comparison from the human to the mouse genome. The
study revealed antisense alignment hetween the coding sequence
of the genes and the miRNA. This means miRNA is capable of
both endogenous and exogenous cellular level zegulation (I lurst,
2006). ‘The evidence strongly suggests that genctic clements of
the non proteomic phenotype whose expression and function are
dependent upon complex DNA folding wall be heavily affected by
any genctic mutation: synonymous or non synonymous. Clearly,
immunology s a decding factor in survival time; therefore this
specific case also influences fitness.

In a similar manner, nucleotide folding complexity crucially
affecting the phenotypic action of 2 gene can be seen in the ge
netic hardware for exon definition. Tt is easy to assert the massive
complexity and sequence dependency of the effective operation
of splicing machinery. But to be more specific, there arce identified
structures worth investigating for their respective roles in splic
ing and the relanve cffects of synonymous mutations to these
constructs. Some of the crudial sequences are 1n zones of the
coding DNA called ESIs and ESS, or exon splicing enhancer/
silencer (Farrbrother, 2002; Wang, 2004). Variations in any of these
structures will dramatically affect the genes” ability to fold into
canonical alternate splicings or novel evolutionasily beneficial /del
cterious alternate splicings. Any of these mutations, synonymous
or non synonymous, could have this effect because 1t 1s a strictly
splice oriented mutation. “I'here 1s a phenotypic study document
ing sphce mutations, many of which are synonymous, which are
responsible for a number of lethal discases displayed in Table 2
(Carregni, 2002; Chamary 2006). Clearly, discase is a survival fac
tor; thus, exon definition implications are an casy fitaess factor.

Translational kinetics could also hypothetically transduce syn
onymous gene mutations to phenotype through codon usage and
the subsequent varations in time for protein production. These
variations appear to have a significant effect on protein folding
(Tsia, 2008). “There are those who argue that such effects will likely
not have an effect on a2 mammalian population duc to its small size
(Parmely, 2007; Sharp, 1995). T'he arguments presented in this
paper suggest, at least a broader interpretation of this allegedly
small effect.  In vitro studies reveal that in traaslational reactions
of CCA, 2 synonymous mutation causing a translational stall results
mn the malformation of the protein and a 20% s decrease in potency
of the protein (Komar, 1999), It is fair 10 conclude that this was
not the fault of an element external to the sibosome itsclf, as this
was an in vitro experiment. Similarly, MDR1 experiences folding
modification in response to a C3435T synonymous muration, re
sulting in a stziking 50%% degradation of the protein duc to faalty
folding, This folding error can be saved by a threefold increase in
lrypsin, & rare amino acid. This rescuce is good evidence that the
mechanism of transduction of the modified phenotype from the
synonymous muration is via codon usage resulting in a translational
stall (Kimch, 2007). This particular mutation has a slightly more
complex relation to fitess, as the mutated gene 15 involved with
potent and drug resistant proliferation of cancer cells. An organism
with this mutation would certainly improve its lifespan.

Each of these examples only explains a stauc effect of a synony
mous mutation. But cvolution is a kinetic process which involves
equilibrium and progression. The following is an investigation of
a set of dara preseating relative levels of synonymous mutation
correlated with relative amounts of a fitness signifying mutation:
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ssochores.

As an alternarive measure of fitness, 1sochores allow special
mnsight into the meaning of synonymous murations, as they are
themselves a measure of fitness. Current observations in the study
of 1sochores define the phenomenon as the increase in GC richness
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‘Table 2- Mutation by gene causing exon delinstion nwchantsm discuption resulting

in specific discases

correlated with an increase 1n base mutation rate for the average
rale followed by a decrease in GC-nchness and comphmentary
increase i Al richness correlated with the populations’ decrease
in base mutation rate {Eyre Walker, 2001; Galuer, 2001). This 1s
the justification for G contents’ uility in hypothetical fitness
corrclation. Recently, isochores were mnvestigated in parallel with
synonymous and non SYnonymous mutation levels. As cxpcctcd, as
the GC-content of a gene increased, local Da/Ds ratios deereased.
More specifically, adapring regions described by high Dn/Ds and
(C-content had low levels of 1)s mutations whereas the low Dn/
Ds and GC content regions had much higher levels of Ds (Bex

glhand, 2009). "These results suggest a system in which adapration
induces an INCrease n non-synonymous mutatons, which results
i increased mstability of mRNA. High GC contentin mRNA 152
mechanism for mollifying the inevirable pre-translational degrada-
tion of new phenotypes. Once the gene has reached 2 favorable
adaprtation, the synonymous mutations begin to modify the mRNA
to a stable form without changing o protein structure, so that
this new phenotype may be expressed in an energetcally efficient
manner. Once a kinetic equilibnum is reached, GC dehness is no
longer needed to mamntain the mRNA molecule, and the gene re

gresses to the orginal GC content of ~42-44%, at which point the
SVNONYMOUS Mutations start again to maintain the protein structure
and the mRNA fortitude. These relative levels of Ds apparently
correlate to fitness of the gene and may be said to be evolutionanly
rclevant. It 1s important to realize that this 1Ds vanation occurs
with unknown dependence in this situation, so this is hardly a defi-
nite conclusion. Formally testing this hypothesis would require a
situation including a controlled non synoaymous mutation rate to
observe true genome level, a controlled quantity of synonymous
changes to fitness, and a tme point controlled evolutionary study.

Discusston

Each of the channels of potential mechanistic execution of Ki
netic mRNA s an explicit example of how a synonymous mutation
may affect fitness, These examples implicate the plausibility of syn
onymous muration relevance to fitness. Although cach example is
only a small lllustration justificd by the clements of fitness (survival,
mating, and offspring), they suggest much larger potential trends
which must be explored further n a whole genome exploration.
These trends represent molecular methods of transduction, and
therefore have the potential to affect many phenotypes and many
clements of fitness. Additionally, this effect may be of any varying
degree of potency: in some cases strong enough to affect sclection
on 4 behavioral level in mammals wath small effective population
sizes. Further evidence for evolutionanly context of synonymous
mutations appears in the majority of this sample with the mutations
cmerging as deleterious. This is important because it fits the current
theories of evolution which deem the majority of new mutations
deletenous (Kimura, 1977; Ohta, 1992). ‘Though considerations
of mRNA kinetics complicate fitness models, mRNA kinetics ap
pears to be a relevant factor in deciding the fimness of an organism.
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