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FROM THE EDITOR

T

The 2011-2012 Editorial Board presents the 11th edition of The University of Texas at
Austin Undergraduate Research Journal (URJ). This year’s edition highlights several
disciplines, from the sciences to the humanities, and represents the multidisciplinary focus of
the journal and our student body. We are also proud to announce that the two award winning
articles for this year’s edition are those of Travis Alexander and Kevin Martin.
This year has brought many changes from electronic submissions to the adoption of a
blind review selection process; however, the most significant changes surrounding this edition have less to do with the researchers and more to do with the staff. Starting this year, the
journal established an Assistant Editor Program (AEP). This highly competitive program aimed
to develop freshmen and sophomores, of already high academic caliber, into student leaders
and academic journal editors. The executive staff members of the journal are impressed with
these new members of staff and are confident that the journal’s future is secure.
On behalf of the journal, I would like to extend special thanks to the Senior Associate
Vice President and Dean of Students, Soncia Reagins-Lilly, for her willingness to serve as
counsel to the journal throughout the academic year. We would also like to thank Dr. Jeanette
Herman for her role as a navigator of undergraduate research on the 40 Acres through this
period of transition. Without the guidance of these two individuals and the support of our
sponsors, this year’s edition would not have been possible.
We hope that you enjoy the 11th edition and visit our website, texasurj.com, for our
archive and further information about submitting.
Highest Regards,

Bobby Jenkins, Editor-in-Chief
Undergraduate Research Journal

iv

Contents

UNDERGRADUATE RESEARCH JOURNAL

1

		
		

2012

Travis Alexander

Vulgar Display of Rebellion: Analyzing Confederate Memorialization
through “Dimebag” Darrell’s Guitar in the 1990s

10

Julieta Cuellar

24

Christopher Gluth

32

Kevin Martin

45

Victor A. Rodriguez

65

Aakash Sur

82

Nadia Velasquez

		
In the Wake of the “October Revolution”:
		
Otpor Post-October 5th, 2000
		
		
		

		
		

Necessary Elements for a Successful Electric Vehicle Infrastructure
in the Austin Area

A Few Bad Men: An Analysis of Leadership in the Escalation
of Ethnic Violence

		Chaotic Pendulum

		DNA Aptamers Targeting NF-κB in Environmentally Induced
		Oxidative Stress

		
		

Compartmentalization and Poor Marital Outcomes:
Are Negative Conflict Resolution Tactics to Blame?

v

iv

Vulgar Display of Rebellion:
Analyzing Confederate
Memorialization through
“Dimebag” Darrell’s
Guitar in the 1990s
The University
of Texas

Travis Alexander

at Austin
Undergraduate
Research Journal
Volume 11
Number 1
Spring 2012

In 1994, Pantera could do no wrong. The Texas-based
“groove-metal” band enjoyed a reputation among the metal
legions as the only group in the mainstream to uphold the
uncompromising, Motörhead tradition, defying convention,
law, and fashion in their pursuit. That year marked the release of Pantera’s Far Beyond Driven album, which debuted
at Number One on the Billboard 200 chart and introduced
a battery of concert staples for the band on its way to
Double Platinum status. In 1994, one other Pantera curio
was unveiled: Dimebag Darrell’s Dean Razorback guitar,
emblazoned with a fluttering Confederate flag finish (see
attached image: p. 8). Over the ensuing ten years, this guitar
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became a ubiquitous totem for Darrell, and contributed to the establishment of Pantera as
the most brazen of the 1990s mainstream metal bands. The guitar, which never became the
subject of written controversy among the music press, cemented Pantera’s self-constructed
image as an aggressively southern band. The introduction of the flag-adorned guitar cued
the motif of battle flag imagery on Pantera merchandise and affirmed the band’s rejection
of political correctness in favor of brutal, proudly offensive rock and roll.
But Darrell’s flag use must be probed beyond its superficial connotations. What was the
state of Civil War remembrance in 1990s popular discourse? Further, what significance lay in
flaunting a symbol that valorized the Confederacy’s martial spirit, to the exclusion of its other
characteristics? Is it relevant that the band in question was not only southern, but belligerently so? What traditions of American popular music did heavy metal affirm or reject? These
questions must be considered if the implications of the flag in this context are to be mapped.
Darrell’s flag use, occurring approximately 130 years after the cessation of Civil War hostilities,
coincided with a sensitive period in this country’s Civil War remembrance, as national wounds
were undergoing inspection. In 1991, just three years before Darrell introduced his guitar,
the NAACP described the battle flag as, “a symbol of ‘tyrannical evil,’ and ‘an abhorrence to
all Americans and decent people of this country…indeed the world… an odious blight upon
the universe’” (Coski 189). Amid this charged cultural climate, Darrell’s adoption of the flag
cannot be dismissed as an absentminded gesture. By analyzing Darrell’s use of the guitar in
the contexts of the flag’s historical connotations, its status as a mythological object, its place
in the context of subcultural defiance, and its relation to the emerging political correctness
movement, it becomes apparent that the flag—in this heavy metal appropriation—was intended as a statement of generalized defiance, indicative of adolescent rebellion and bravado
rather than bigotry. In spite of this intention, however, racial connotations were inextricable
from the flag’s problematic image by the 1990s.
By the 1950s, American soldiers and southern collegians had appropriated the battle
flag—mistakenly referred to as the “Confederate flag” or “the Bars and Stars”—for use in
fraternity houses and at football games. This “flag fad” wrested the flag from the Confederate
heritage groups that restricted its use for decades following Reconstruction and introduced it
into the public domain. By this time, the flag had also fallen under the purview of the second
generation Ku Klux Klan. This adoption, decried by heritage groups and moderate southerners alike, annulled the flag’s exclusively historical, “innocent” connotations. In The Confederate
Battle Flag: America’s Most Embattled Emblem, historian John Coski notes that Klan leaders at
this time “insisted that the flag stood for racial purity and that Confederate heritage leaders
who denied this were evading the truth” (142). The dissemination of such polemics in the
public discourse placed a burden on all who would use the flag henceforth to defend their
action and account for the flag’s infamy. Though not all Klan chapters made public use of the
flag up to the 1960s, the images of those that did were devoured by the media and reviled
by the public. Flag wavers after the 1960s were tasked with distancing themselves from, or
Travis Alexander
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quietly endorsing, the arresting imagery of white-hooded Imperial Wizards holding battle
flags aloft as crosses burned in the background. This historical foundation dovetails into the
1970s, when the connotations that inform Darrell’s flag use were developed.
By the 1970s, the battle flag had garnered popularity among bikers, truckers, and workingclass white southerners known as “good ‘ol boys,” “hillbillies,” or “rednecks”—self-applied
terms that carried positive connotations in the minds of their respective groups. Appropriated
by these individuals following its popularity in the world of stock car racing, the flag became
a totem of “southernness” and a masculine, rebellious nature (Coski 160, 161). This trend
continued through the 1980s, and into the 1990s, when Darrell adopted the flag. Pantera
refined a band image that was in step with the sentiments of 1970s “redneck” flag-wavers. Being the only metal band with commercial appeal from the south at this time, Pantera elected
to flaunt their regionalism rather than obscure it. Southern origin and influence became a
point of reverence for the band, as evidenced by the title of their first major album—Cowboys
from Hell—and by the Texas flags that flew behind the band on stage. Emerging neither from
Los Angeles nor the Bay Area—the fashionable quarters of American heavy metal—Pantera
asserted their rebellious southernness with a panoply of southern and Texan symbols that
culminated in Darrell’s battle-flag guitar. In his dissertation “The Southern Rock Music
Revival,” sociologist Jason Eastman illuminates what allure this flag use would have had for
Pantera and argues that “flying the flag signifies rebel masculinity by showing that a man does
what he pleases despite the protest of others. [The southern rocker] is willing to confront
complications rather than submit to the will to others” (88). In this case, Pantera was not
willing to submit to the heavy metal trend of claiming or adopting West Coast origin. As the
term “redneck” was considered a term of pride and identity by those to whom it referred
in the 1970s, so southern heritage was embraced and emphasized by Pantera in the 1990s.
Darrell’s use is further informed by several other instances in the 1990s, when battle
flag use indicated generalized, if not anachronistic, rebellion. Coski notes that the Sons of
Confederate Veterans received numerous flag requests from citizens of recently independent
Eastern Bloc countries, who viewed the flag as “[an] appropriate symbol for their struggle
for independence against totalitarian control” (293). This use, along with the adoption of
the flag by Yugoslavian pro-democracy student protestors in the mid-1990s, indicates an
emerging precedent for the flag to shorthand “independence” or “rebellion” writ large.
Presumably, Yugoslavians and fellow Eastern Europeans were not waving the flag to project
bigoted sentiments, as the ethnic friction in these regions did not center on a white-black
axis. Similarly, Darrell’s flag use never involved any racial overtones, simply ones of generalized regional pride—taking after American soldiers abroad—and rebellion, mirroring the
European protestors.1
The battle flag also became emblematic of the spirit and tradition of American Rockabilly
music abroad in the 1990s; this association, too, informs the meaning Darrell aimed to convey.
In his article “The Troubled Resurgence of the Confederate Flag,” History Today columnist
Travis Alexander
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Chris Springer notes the conflicted nature of this European inference: “The [battle flag
became] a sort of folk symbol… used to strike a pose of populism and rebellion. In Europe…
the flag is a symbol of rockabilly music… but the trip across the Atlantic did not wash the
stains of racism from the flag, as its pointed use by the European skinhead movement shows”
(9). That the flag conjured images of Rockabilly—one of the few musical styles indigenous
to the U.S.—indicates that Darrell intended its display as both a claim to regionalism and
Americanism, the paradoxical nature implicit in such an effort notwithstanding. Noting the
flag’s ability to embody divergent traditions, Coski posits that to some, the flag embodied
at once American patriotism and “strident opposition to mainstream American ideals” (295).
But, as is indicated by Springer, even the Europeans to whom the flag represented American
rock and roll recognized the abundance of racial connotations entangled within the flag’s
image. Darrell cannot be allowed to claim one tradition without acknowledging the other.
Two other sociological observations were made regarding heavy metal and the battle
flag in the 1990s that, when placed in conversation with each other, inform Darrell’s use and
its cultural significance. In 1996, two years into Darrell’s association with the flag, sociologist Bethany Bryson published the results of a study entitled “Anything but Heavy Metal,”
which correlated income levels, educational status, musical tolerance, and ethnicity. The
study concluded that as education and income concurrently increased, subjects were less
likely to profess a distaste for many musical genres. The genres for which these respondents
continued to claim distaste, however—rap, country, and heavy metal—were also the three types
of music most commonly associated with a fan base of low educational level. That is to say,
as respondents became more educated, they became more likely to dislike types of music
associated with low education (Bryson 897). As relevant as these results are on their own accord, they become even more elucidatory when considered alongside another report, issued
around the same time, which found that the people most likely to interpret the battle flag as
an offensive, racialized symbol were those of a high educational level (Coski 230). It is neither
disingenuous nor unreasonable, then, to conclude that by the 1990s, educated Americans had
cast their vote against both heavy metal and the battle flag. Finding themselves ostracized
by the mainstream on these accounts, Pantera experienced a greater incentive to rebel, and
did so by cultivating a raw, contentious band image with the aid of a symbol guaranteed to
shock and appall. In a time and cultural climate that dismissed them, Pantera claimed agency
by their ability to offend.
Darrell’s flag use can also be understood in the theoretical context of mythology, detached
from its historical dimension. In Mythologies, semiologist Roland Barthes posits that although
myth is a type of speech “chosen by history,” it is “defined by its intention much more than
by literal sense” (110, 124). Similarly, Darrell’s intention in using the flag is more informative
than the flag’s literal history. The image of the Confederate battle flag has cultivated a potent,
troubling mythical status since its use in the Civil War, and the groups who have adopted the
flag have interpreted its mythical implications in irreconcilable ways. In Darrell’s decision to
Travis Alexander
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use the flag on his guitar, he selected one formulation of this myth to the exclusion of others,
in an effort to convey personal and band philosophy to Pantera’s audience via a meta-language.
In doing so, Darrell welcomed the risk of alienating and offending observers, who might
select an alternative, equally valid mythical interpretation. Barthes discusses a photograph
of a Black soldier wearing a French military uniform and saluting the French tricoleur. The
immediate message is that the Black soldier is proud of France and ready to serve his country
(116, 117). The meta-message is that France not only welcomes her colonized sons (the Black
soldier), but that they are ready to protect their adopted parent country; such a readiness, the
government hopes, would imply a lack of racism in France. Similarly, the immediate message
of Darrell’s guitar is that Pantera was a southern band and aware of their native region’s history. The meta-message is that Pantera resisted the popularity of metal from other regions
and clung to their southern heritage as a means of rebellion. Darrell’s invocation of the battle
flag myth was precarious, given the recent political connotations—Klan use—of the flag.
Barthes reflects, “the force needed by myth to distort its object is [much greater when] the
political load is very near the surface” (144). In appropriating and flaunting a symbol that
to many observers signified the enslavement of Blacks, Darrell had clearly chosen an object
whose political load was barely below the surface.
Implicit in both Barthes’ reading of the Black solider advertisement and Darrell’s
projection of the battle flag, however, is a profoundly spectatorial experience. That the
photograph of the soldier was placed in a public advertisement confirms that it was intended
to be seen and render an emotional reaction. Similarly, Darrell did not commission his
guitar for studio sessions or rehearsal; the guitar was intended to take the stage with the
band in arenas across the world. That the guitar and photo were created to be seen tacitly
implicates both as conscious instigators of discourse, thus stripping them of the ability to
be read innocently. In this sense, the guitar qualifies as a myth of the truest form. Barthes
claims that myths do not deny anything; rather, they speak about things. Darrell’s guitar
was undoubtedly speaking about southernness, race, and identity in the mid-1990s. Darrell
clung to the flag as a means of participating in and evoking the southern myth of which
Robert Penn Warren speaks in The Legacy of the Civil War, that of “prideful ‘difference,’
identity, and defensiveness” (14).
Beyond its historical and mythological contexts, the battle flag as used by Darrell can be
understood within the frameworks of subculture and defiance against mainstream notions
of etiquette and decency. Viewed from this perspective, the symbolism of the battle flag in
Pantera functions as the swastika did among English punk groups in the late 1970s. Subculture scholar Dick Hebdige notes that the swastika “reflected the punks’ interest in an…evil
Germany… a period redolent with a powerful mythology…in punk usage, the symbol lost its
‘natural’ meaning—fascism…The swastika was worn because it was guaranteed to shock…the
signifier (swastika) had been willfully detached from the concept (Nazism) it conventionally
signified…its primary value and appeal derived precisely from its lack of meaning: from its
Travis Alexander
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potential for deceit” (116, 117). A comparison of these two musical styles is enlightening,
given the marginalized, disrespected, and subcultural status of both punk and heavy metal.
The parallels between swastika use in 1970s punk and battle flag use in 1990s metal are
three-fold. First, as the punks were interested in the imagery of an “evil” 1940s Germany, so
Pantera was interested in the gothic, if not sinister, American South of the nineteenth century.
For Pantera, this interest was simply a product of the heavy metal affinity for flirting with dark
themes—a flirtation evident in bands from Black Sabbath to Slayer. An effort to conjure these
periods, however, naturally occasions a host of racial embitterment and discontent. The second
parallel lies in the fact that both the swastika and the battle flag, in their punk and metal usages
respectively, were detached from their original contexts. As the punks did not promulgate antiSemitic ideologies, so Pantera did not endorse anti-Black sentiments. And though it is relevant
to consider the fact that metal as a genre is overwhelmingly dominated by white musicians
and fans, it would be erroneous to assume that metal groups are on a whole racially intolerant
(Weinstein 261). The third parallel is that both the punks and Pantera understood and exploited
the potential of their respective symbols to shock audiences. Sensationalism inheres in both
the swastika and the battle flag. Hebdige asserts that, “Objects [can] become signs of forbidden
identity, sources of value…gestures of defiance or contempt. Refusal. [They] can be magically
appropriated; ‘stolen’ by subordinate groups and made to carry secret meanings” (3, 18). That is
to say, the punks and Pantera “stole” the swastika and the battle flag for their respective acts of
refusal and defiance. But their appropriations cannot be wholly detached from anti-Semitism
and anti-Black sentiment. Hebdige refers to this process of appropriation and symbolic theft
as “semiotic guerilla warfare”—a phrase that evinces at the inextricability of the mythological
and subcultural dimensions of symbol like the battle flag.
The mainstream cultural climate against which Darrell rebelled with his flag use was
one increasingly dominated by political correctness. Emerging during the late 1980s, political
correctness operated as both a code of comportment and an ideology in American discourse.
The proliferation of political correctness triggered a hostile backlash among right-leaning
American intellectuals and contingents of the general public, however, as discussed by Richard Terdiman in his 1995 essay “The Politics of Political Correctness.” Terdiman rails against
the insincere intent of political correctness and imports Barthes’ logic in stating, “[The PC]
strategy of purifying language...fails to confront the infrastructural realities that the linguistic
ones surely reinforce but can hardly be thought responsible for creating. Hence there’s an
undeniable and undesirable idealism in any form of PC language policing if it substitutes attention to signifiers, however pervasive or supportive of structures of oppression for attention
to the signifieds and the real material determinants of such oppression itself ” (247). While
intellectuals like Terdiman assailed the dogmas of political correctness in abstract, semiotic
terms, Darrell projected his own sneering anti-PC message by way of action. His public use
of a battle flag-themed guitar accomplished as much, if not more, of a refusal to adhere to
the conduct proscriptions of political correctness as Terdiman’s philosophical invectives.
Travis Alexander

the university of texas at austin

Spring 2012

7

Darrell was not attempting to hold up a mirror to politically correct Americans and
convince them that, by focusing on his guitar rather than on the true racial disharmony in
America, they were delaying the resolution of the race question. Indeed, his statement of
rebellion was not so cerebral. But his use of the flag did embody the notion of refusal that
anti-PC intellectuals hoped to promote. In her 1991 book Heavy Metal: A Cultural Sociology,
Deena Weinstein illuminates the inherent divide between heavy metal culture and political
correctness: “Metal is [not] politically progressive. Its spirit is that of Dionysian rebellion that
challenges static order in the name of freedom to exercise vital power…the notion of being
politically correct is completely alien to [metal audiences]” (238, 242). Weinstein later notes
that metal lyrical themes emphasize the very social chaos that politically correct society seeks
to keep at bay. In these observations, Weinstein draws attention to the fact that heavy metal,
in its attraction to exposing and discussing troubling aspects of society, is inherently at odds
with a society that would rather ignore these concerns. Darrell’s insistence on displaying a
battle flag on his guitar expresses both Weinstein’s conception of “Dionysian rebellion” and
an interest in discussing the dark oddities of American history.
The intellectual opposition to political correctness, of which Darrell acted out an elementary version, rested its complaints on the allegation that political correctness vested
more significance in the implications of symbols, rather than the substances symbolized.
“Our cultural discourses and practices aren’t yet at the point of foregrounding the substance
behind much of this conflict,” Terdiman alleges. “We’re only beginning to register the…
cultural changes that form the background of what we’re trying to make sense of today. Consequently, we fight about symbols” (243). Here again, Darrell’s guitar serves as a case study
of the PC discourse in the 1990s. Instead of the substantive racial concerns themselves, it is
the symbol—the battle flag guitar—that draws attention.
Ultimately, the battle flag for Darrell served as a vehicle for Pantera’s adolescent, rebellious attitude; a defiant “screw you” to fashionable heavy metal and politically correct
observers who criticized proud claimants of southern identity. In Confederates in the Attic,
Tony Horwitz speaks of a similar Confederate chic from his childhood: “The anarchic, James
Dean-ish side of the South…appealed to my adolescent soul, particularly rock ‘n’ roll [which]
evoked a freethinking defiance that dovetailed nicely with my pubescent alienation from
‘the System’—a loose-knit cabal linking Richard Nixon, Henry Kissinger, my parents, and
most of my teachers” (82). These rebellious Confederate connotations appealed to Darrell
as well. As Horwitz makes no connection to race in explaining the allure of the south, so
Darrell likely used the flag for non-racist purposes. Darrell’s guitar was Horwitz’s “middle
finger raised with ulceric fury” at anyone who questioned Pantera’s right to expression (103).
Darrell’s guitar also evidenced, perhaps unknown to Darrell himself, the fact that by the
1990s, the flag and regional identity in general were simply commodities in a world that had
already become too commodified—“confetti in careless hands” (Fine lix, Coski 159). Viewed
from this perspective, Darrell’s adoption of the flag—far from operating as the hateful signaTravis Alexander
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ture of an unreconstructed bigot—was no manifestation of high art or protest, but simply an
appropriation of tawdry defiance. But Darrell’s inconsideration of the flag’s racial overtones
does not excuse him from accounting for them. As Coski notes, rhetorical efforts to demote
the flag’s historical connotations and association with the race-centric motivations of the
Confederacy “run afoul of overwhelming evidence that the battle flag [is] a powerful symbol
of …the entire Confederate experience…the flag is not simply a symbol of perceived racism
in the country’s distant past but a symbol of explicit racism in the recent past and in the present” (63, 157). Thus, Darrell was sending a subconsciously racialized message; his intentions,
earnest as they were, cannot nullify this association. For this reason, his use of the guitar, as
well as all other appropriations of the battle flag in the 1990s, were problematic engagements
in Civil War remembrance. That benign messages carried hostile connotations 130 years after
the cessation of the hostilities invites only one description of the Civil War: unfinished.
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Endnotes
1.

Though Darrell himself was never reported to have issued racial statements, Pantera vocalist Phil Anselmo
was recorded on video issuing a vitriolic, anti-black rant at one of Pantera’s last shows in the early-2000s.
While he did this, however, all other band members were offstage, and gave no indication of standing
behind Anselmo’s remarks when they returned to finish the set. Thus considered, it is fair to separate Darrell’s views from Anselmo’s.
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Otpor (Resistance) was a student-led movement that
emerged in Serbia at the end of a decade defined by the
oppressive, semi-authoritarian rule of Slobodan Milošević
and the Socialist Party of Serbia. Otpor defied the regime
by criticizing it through humorous campaigns and street
activism, thereby proving to the Serbian population that the
Milošević regime was not untouchable. The efforts of Otpor,
the opposition parties, and Serbian civil society culminated
on October 5th, 2000 when citizens from all over Serbia descended on the capital in anger over the stolen presidential
elections and forced Milošević to resign. It was not clear
what happened to Otpor after the “October Revolution”
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until it reemerged in the public sphere during the parliamentary election of 2003. Otpor’s
participation in the election proved disastrous, as it did not earn enough votes for a single
seat in parliament and soon after merged with the Democratic Party.
Though the strategies and work of Otpor have been the focus of many scholarly studies,
this study is concerned with what happened within Otpor in the aftermath of the so-called
“October Revolution.” Little work has been published on what happened to Otpor between
October 5th, 2000 and the 2003 parliamentary elections in which it participated as a newly
formed political party.
This study explores what changes Otpor underwent in the period from late 2000 to the
elections in 2003, how and why Otpor decided to become a political party, and why Otpor
did so poorly in the parliamentary elections in spite of the widespread popularity it enjoyed in
2000. This study also gauges how the movement had changed in the eyes of its own members
after October 5th, 2000 through interviews with former Otpor activists and leaders.

Otpor Before October 5th, 2000
The 1990s in Serbia was a bleak decade and very much defined by the authoritarian rule
of Slobodan Milošević and his Socialist Party of Serbia (SPS). Milošević presided over four
armed conflicts in ten years and, due to the severity of the repression, has even been described
as fighting a war against his own people (Gordy 2). A general resignation set in when it came
to politics throughout Serbian society; a resignation that resulted from an unshakable regime
and an opposition that had not only been “thoroughly discredited” by the state media but also
“by its own failures and weaknesses”(51). It is in this general environment of powerlessness,
defeat, and resignation that Otpor unexpectedly emerged and infused the youth of Serbia
with newfound hope and energy.
Otpor was originally created in response to the University and the Public Information
Acts of 1998 (Secor and Chronology of Events). The University Act gave the government the
right to indirectly control faculty appointments, by appointing deans and rectors in line with
the regime and requiring professors to commit to new contracts that demanded loyalty to
the regime, while the Public Information Act was largely an effort to repress the independent
media (Secor and Nenadič and Belčević, “Serbia--Nonviolent Struggle For Democracy” 8).
The University Act resulted in over a hundred professors being fired and sparked months of
student demonstrations. Among these student protesters were the founders of Otpor (Secor).
After this victory, Otpor continued to stage a number of street actions and campaigns
aimed at destroying the fear that the regime had used to repress and silence the Serbian
population for years. Otpor’s actions were characterized by their humor and mockery of the
regime. The action “A dinar for change,” in which passerby were offered the chance to whack
a barrel with Milošević’s face on it for a one dinar contribution, and the “Telescope” action,
which took place on the day of a solar eclipse in which passerby were invited to peak into a
telescope only to see the image of Milošević in the shape of a falling comet, were examples
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of this (Chronology of Events). The irreverent and humorous character of Otpor’s activism
baffled authorities that did not know how to respond to being mocked (Secor). Furthermore,
these symbolic actions were key to Otpor’s strength because they captured the attention
of the media, keeping Otpor in the public eye (Nenadič and Belčević, “Serbia--Nonviolent
Struggle For Democracy” 27).
In August 1999, Otpor set forth a “Declaration on the Future of Serbia” that outlined
its goals (Chronology of Events). These were “free and fair general elections as soon as possible,” “abolition of the law governing universities and new legal guarantees of autonomy
and academic freedom,” and “abolition of the recent media law restricting freedom of
expression, and an end to repression of independent media” (Nenadič and Belčević, “Serbia--Nonviolent Struggle For Democracy” 27). The first Otpor congress, held in February
2000, marked a significant shift in Otpor as it transformed from a student movement into
a people’s movement. This meant that Otpor became open to anyone who was against the
regime, not just students. This shift resulted in the involvement of an incredibly diverse
group of people “from all sections of society, workers and peasants as well as students and
intellectuals, and from across the political spectrum—monarchists and nationalists to
republicans, leftists and feminists” (28).
In becoming a “people’s movement” Otpor spread resistance to the provinces by creating
branches throughout Serbia. These branches had the advantage of being mostly autonomous
and able to design their own actions as they saw fit. There was, however, a group of leaders
that coordinated activities on a national level. The two centralized activities were the creation
of relationships with international organizations and international fundraising (Nenadič and
Belčević, “Serbia--Nonviolent Struggle For Democracy” 29). As former activists described,
there was ample opportunity for self-initiative. If a group of students had an idea for an action, they were able to carry it out with the support of Otpor (Interview 5 May 2011). In this
way, activists were very much invested in their activism.
As Otpor’s popularity grew and spread across the country, they became a target of police
brutality, arrests, and interrogations. Activists would be fingerprinted and photographed, as
well as questioned about Otpor’s leader and source of funding (Secor). This is where Otpor’s
apparent lack of a single leader or clear hierarchy was useful. As an Otpor activist explained,
“The idea was, cut off one Otpor head and another 15 heads would instantly appear” (Cohen
45). But Otpor activists weren’t the only ones targeted by the authorities—many activists’
parents were threatened with being fired from their jobs or were in fact fired (Interview 5
May 2011 and 7 May 2001 and Secor). Otpor was also attacked by the regime’s propaganda
machine, which accused them of being foreign mercenaries, spies and traitors (Secor).

Otpor and the “October Revolution”
In July 2000, Milošević announced elections to be held on September 24th of that year,
as well as his candidature for the presidency of Yugoslavia (Otpor Campaigns). A number
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of opposition groups had been calling for democratic elections since they issued a joint
declaration in January 2000. However, Milošević did not call elections because of these
demands but because the opposition seemed so weak. Milošević made the mistake of
overrating the loyalty of the strongholds of his support and underestimating the ability of the
opposition to unite. And unite they did. Soon after the elections were called, the opposition
parties formed the Democratic Opposition of Serbia (DOS). The DOS constituted an alliance
of eighteen parties from all sides of the political spectrum with Vojislav Koštunica as their
presidential candidate (Thompson and Kuntz 166).
With the announcement of coming elections, Otpor launched two campaigns—“It’s
Time” and “He’s Finished.” “It’s Time” aimed at getting young people out to vote, especially
first-time voters that might have been less inclined to vote given the pervasive political apathy.
Rock concerts were held in towns across Serbia and public figures promoted Otpor’s message on the “Caravan of Celebrities” that toured Serbia. “He’s Finished” targeted Milošević
directly and carried the simple, defiant message that Milošević’s rule would soon be finished
(Otpor Campaigns).
When elections came around, the Center for Free Elections and Democracy (CeSID)
used parallel vote tabulation to produce “a remarkably sophisticated estimation of the actual
vote” (McFaul 10). Its results found that Koštunica had defeated Milošević in the first round of
voting. The Serbian electoral commission’s results confirmed Koštunica’s win, with Koštunica
garnering 48.96 percent of the vote and Milošević 38.62 percent, and Milošević conceded his
defeat. However, he declared that a run off election would be necessary since Koštunica had
not won an absolute majority. The opposition rejected this offer, under suspicion of electoral
fraud, and set off to create a state of pandemonium in the country via civil disobedience. On
September 27th, three days after the elections, a crowd of 300,000 celebrated Koštunica’s
victory in Belgrade. On September 29th, laborers at the Kolubara mine went on strike in an
act of support to the opposition and were defended from police by thousands of Serbs. On
October 4th, the Constitutional Court annulled the election results altogether. In response,
on October 5th, 2000, an estimated 700,000 people converged on Belgrade from within and
outside of the city (Thompson and Kuntz 167-168). By the late afternoon, those gathered
in Belgrade took over the Parliament building while the police stood by. The following day
Milošević conceded the elections to Vojislav Koštunica and left office to allegedly spend more
time with his grandson (Bringing Down a Dictator).

Factors of Success
Otpor had several characteristics that helped it to mobilize thousands of activists and
garner the support of a nation. One major challenge that they faced was the generation of
young people that had grown up in a repressive decade and had no reason to believe that
they could bring change to Serbia. Otpor managed to mobilize these young people, many
of whom had already been active in ineffective protests for years (as early as 1991), by essenJulieta Cuellar
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tially creating a brand. Ivan Marović, an Otpor leader, described Otpor as a lifestyle. “The
movement isn’t about the issues. It’s about my identity. We’re trying to make politics sexy”
(Rosenberg). A Belgrader who was politically active during the late nineties described how
the students from his high school that joined Otpor suddenly became cooler than the rest of
the students. An Otpor activist who was only eighteen at the time of his involvement talked
about how through Otpor people’s frustration disappeared, how “you’re no longer the pissed
off guy arguing with the TV set” (Interview 21 April 2011). An older activist described having
the “really, really, really great feeling that you were doing something important” (Interview
7 May 2011). Indeed, Otpor became unquestionably associated with being young and urban.
As another former activist, also in high school, described it: “If you’re proper from Belgrade
then you’re against Milosevic, and if you’re against Milošević and you’re young, you must be
for Otpor” (Interview 28 April 2011).
And with the young came their parents. The members of Otpor were the children and
grandchildren of Milošević’s powerbase. When the regime violently repressed Otpor activists, it subsequently alienated those that had previously voted loyally for Milošević. Roger
Cohen describes the mother of an Otpor activist who had been beaten by the police saying,
“‘Nobody could ever convince me that Milosevic would go [. . .] but this beating changed
my ideas’” (Cohen 45). Sometimes activists’ parents even went so far as to partake in Otpor
activities. A former Otpor activist based in Belgrade shared how her parents went out in the
middle of the night to paste posters to the walls of the “red town”2 they lived in. “They would
think it was some group of teenagers. Nobody would suspect that people close to retirement
would do such things!” she recounted (Interview 4 May 2011).
Being seen as a movement led by the young was an advantage in more ways than one—
unlike the opposition politicians who had compromised with the regime in the nineties,
those in Otpor were too young to be implicated in the past crimes of the regime. With their
youthfulness and decision-by-consensus policy, Otpor activists “cultivated an image of incorruptibility”—so much so that the accusations of their being terrorists and spies seemed
simply ridiculous (Secor). In a characteristically humorous response to the terrorist charge,
Otpor activists presented an example of a “terrorist” to the crowd at a street action—a lanky,
bespectacled teenager (Bringing Down a Dictator).

Otpor After October 5th, 2000
The period after October 5th for some activists was utter euphoria, while for others it
was a few weeks of anxious anticipation as they waited for the new government to form. For
still others, it was a wasted period during which Otpor should have run for the Republican
elections and taken politics into their own hands. In the weeks and months after the citizens
of Serbia took over the parliament, the debate over the future of Otpor began.
There had been little planning within Otpor for the next step beyond Milošević, if and
when he fell. However, there were two Otpor documents that outlined a general vision for
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what the movement wanted for the future of Serbia. These were the 1998 Declaration on the
Future of Serbia and the 2000 Otpor Manifesto. These two outline a vision for the future
that covered three spheres of public life in Serbia. According to a former leader of Otpor,
these three spheres were: [1] democracy (meaning free and fair elections, free university, and
independent media), [2] future path of Serbia (within the European Union), and [3] relationship with neighbors, one of dialogue instead of confrontation (Interview 6 May 2011). Still,
the future of Otpor itself was only “discussed on the margins”—the idea was to do “a step at
time” (Interview 4 May 2011).
The debate over the future of Otpor was not an easy one as those in the leadership
and middle tier of Otpor soon discovered. Most former activists agree that there were two
or three general opinions about what should happen next to Otpor. Many wanted Otpor
to become a watchdog organization while others wanted Otpor to step into the arena of
politics by forming its own political party. Still others thought Otpor’s work was done
since Milošević was gone and the government had been formed. Some of these activists
agreed with the first group in that, if Otpor should become anything, it should be “the
country’s conscience.”3
Those that fell within the first and third group claim today that they were in the majority
but that the group that wanted to become a political party contained key leaders in Otpor.
As one activist at the middle tier4 described it,
“A few of us at one point were the resistance inside the resistance because the older guys and
leaders, they came from political parties, most of them, so they had [. . .] a clear political position. [. . .] They were really politically aware so they had a plan to kill Otpor after October
5th and go back to their parties and do some politics and we wanted to continue to conduct
projects and change people’s mentality [. . . ]We wanted to use all those contacts and funding
and be a real NGO with strong influence. We wanted to use everything that Otpor built [. . .]
and we thought we had the right to do this but we were weak against them. So they decided
that it wouldn’t be” (Interview 7 May 2011).

As the above activist articulated, there were Otpor leaders who belonged to political parties
and left Otpor soon after the revolution to pursue their own political careers. However, some
of these leaders decided to stay with Otpor and “do some politics” through it.
But the activists that wanted Otpor to become a political party had their reasons as well.
Even before October 5th came, Otpor activists were distrustful of the opposition. An early
Otpor activist leader explained,
“From day one of my activism I knew that Serbian political parties were not so good. Within
Otpor they said we don’t have any other opposition so let’s unite those and work against
Milošević—we were aware that they were bad [. . .] My idea was to have a new political party
some day and I know that in Otpor, because I spoke to lots of people, many of them had the
same idea” (Interview 8 May 2011).
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Between September 24th and October 5th, 2000, the first doubts about the DOS’s ability
to create “real, transformative change” surfaced, according to one mid-level activist. He
believes that up until September 24th, the DOS had been very active, but during the period
after elections the opposition was inactive. As the activist described, “Koštunica and Đinđić
just walked in like victors on October 5th” (Interview 5 May 2011). He went on to explain that
on a more personal level he was very frustrated with the fact that Otpor›s victory was being
appropriated by others and felt that Otpor was being used.
This activist was further convinced of DOS’s inability to bring about change when he
began to see that “things were not going in the right direction,” that is, there was no change
in the intelligence agency and no military lustration. A younger activist was also in favor of
becoming a political party because he felt that the people in government were making the
same mistakes as Milošević (Interview 5 May 2011). A middle-level activist explained, “I really
believed that that was the way we could continue influencing Serbian politics.” He wanted
Otpor to enter the parliament with a few representatives to show different ways of behaving
and thinking (Interview 27 April 2011).
And with this debate brewing within Otpor comes the story of the demobilization
of the thousands of activists that Otpor had brought together. One former activist that
joined Otpor near the beginning and stayed with it until the end described several splits
in the history of Otpor—the first occurring in December 2000 around the time of the
Serbian parliamentary election when some members wanted to immediately become a
political party and run in the election. Some leaders left at this point to join other parties and participate in politics. He identifies the second split in February 2001, when
Otpor held its second congress. This congress was significant because it was announced
here that Otpor would commit itself to building the country by becoming a watchdog
organization (Interview 8 May 2011). It is significant to note here that several activists
pointed to people leaving—or they themselves leaving—after this congress but for different reasons. One former activist claimed that the second congress was significant
because it was then that it announced that the ubiquitous Otpor fist would no longer
be the symbol of the movement. A few other activists pointed to the fact that it had
become clear that Otpor was going to enter politics. The disappearance of the Otpor
fist and the entrance into politics were significant because the fist logo and the apolitical
stance (meaning not affiliated with any party) were central to Otpor’s identity. Whatever
the case, countless activists left at this time. As more than one former leader described,
Otpor reached its peak in membership right after October 5th but it began to decrease
sharply in February 2001 (Interview 5 May 2011).
This increase in membership immediately following October 5th and the activists that
joined at that point is but one change that Otpor underwent. Indeed Otpor changed so much
after October 5th, 2000 that it was rendered unrecognizable to its former members only three
years later when they came across it at the ballot box.
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Tale of Two Otpors
During the period after October 5th, 2000 many things began to change in Otpor. One
young activist just out of high school described the first change that struck him and his
fellow Otpor friends: the Otpor office on Knez Mihailova street ceased to be the social
hangout it had once been. When he and his friends arrived at the office after October 5th
they were told that they had to leave if they had nothing to do. The office had been “like a
second home [. . .] When they started to forbid people to stay everyone started to slowly
disperse.” He explained that for the young activists it was hard to be banned from the office
after having taken beatings for Otpor. This superficial change was in fact an indication of a
greater change—Otpor was undergoing a transformation that could best be referred to as a
formalization of its already existing structure. For the first time, there were people being paid
salaries, a constitution was in place, and the leadership structure was more clearly defined
(Interview 27 April 2011). As Otpor began to take on the structure of a non-governmental
organization, it also began to take on the work process of a non-governmental organization
(NGO). Whereas before Otpor had a very fluid creative process and much room for selfinitiative, after October 5th all of Otpor’s projects were planned in a centralized way. As a
former activist involved in Otpor during this period explained: before a group of students
would come up with an idea and carry it out with the support of Otpor, perhaps with a few
modifications. Now Otpor carried out projects like an NGO (“each budget item had to be
satisfied, etc.”) (Interview 5 May 2011).
The nature of Otpor’s activities as a whole changed as well. One of the campaigns it
conducted after October 5th was for the arrest and extradition of Milošević to the Hague.
Though it seemed like a typical Otpor campaign on the surface, Otpor had been in fact
“given a role.” The political establishment made the decision that Milošević should be sent
to International Criminal Tribunal for the Former Yugoslavia in the Hague and Otpor was
given the role to prepare the public for this. In this way, Otpor became less autonomous in
its actions and campaigns—its work ceased to be activism (Interview 5 May 2011).
There is also something to be said about the activists that joined in the period after
October 5th. Most former activists, whether they stayed through the transformation or not,
have an opinion on these new Otpor members. According to most, the quality of activism
declined. This was logical, as one former activist explained, as “the most loyal people came
when the pressure was the biggest; after October 5th it was very easy to become a member”
(Interview 27 April 2011). One activist put it more strongly: the people who joined later just
came “because they were hungry for positions, and they wanted to benefit from the situation,
and to use Otpor’s popularity” (Interview 4 May 2011).
What Otpor finally did transform into during this period is hard to pin down. According
to those activists who stayed with Otpor during the period between 2001 and 2003, Otpor
essentially functioned as a NGO while having the structure of a political party, or, as one
activist put it, it was “an NGO with a tendency towards a political party” (Interview 5 May
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2011). This notion of Otpor having the structure as a political party was a result of the local
councils it opened around the country as well as the decision made by the Otpor leadership
in June 2001 that members of political parties could not also be members of Otpor (Interview 5 May 2011).
The way in which the decision to transform into this quasi-NGO, quasi-political party was
made is curious. As Belčević and Nenadić state, while “ostensibly democratic debate involving
a network of 19 regions” occurred “it is not entirely clear who really made the choice between
the various options” (Nenadič and Belčević, “Serbia—Nonviolent Struggle For Democracy”
34). Most former activists, however, agree that the future of Otpor was decided among top
leadership. For a movement that considered itself to be a people’s movement with no single
leader and prided itself in making decisions by consensus, this was also a significant change.

The 2003 Electoral Debacle
Though Otpor began to fade from the public’s view after the 2001 anti-corruption
campaigns, it had not disappeared. Otpor resurfaced in the public eye in 2003, soon after
the ruling coalition called for parliamentary elections in just forty-five days. Despite Otpor’s
widespread popularity only three years earlier, Otpor’s performance in the electoral booth
was so poor that it only garnered a single seat in parliament. As one former leader put it “we
had the support of 67 percent of people in Serbia; in third place after the Serbian Orthodox
Church and the Serbian Army in trust of the people of Serbia, but we won just 1.76 percent
of the vote” (Interview 8 May 2011).
Leaders of Otpor at that time point to different reasons for this failure. A former leader
from this period attributed the poor performance at the polls to Otpor’s general inability to
convey to the public who they were, what they wanted to achieve, and, perhaps most importantly, why they had finally become a political party. As he put it, “We couldn’t explain to the
people that our, in a way, idea was to gain some experience in politics and then eventually to
become [a] political party” (Interview 8 May 2011).
Otpor had difficulty conveying its platform and goals for a number of reasons. There was
of course the short time span it had to pull together a campaign and actually become a political party (the other parties in the running had the advantage of already being established).
But perhaps equally important was the fact that Otpor was no longer the brand it had once
been. The people, symbols, and ideas that made it recognizable had been lost by 2003.
The face of Otpor for most, the young leader Branko Ilić, had left soon after October
th
5 due to differences with the other leaders over the vision of Otpor’s future (Nenadič and
Belčević, “Serbia--Nonviolent Struggle For Democracy” 20). A former activist that was in
high school at the time recalled how he was very much affected by Ilić leaving since Ilić had
been the one to sign him up for Otpor and he had looked up to Ilić (Intervew 28 April 2011).
What Branko Ilić embodied left with him as well. In becoming a NGO, Otpor had lost many
of the characteristics that made it appealing to young people. It had essentially lost the “cool
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factor” that had been its trademark. NGO Otpor functioned in a highly centralized and organized fashion. It had a budget to keep and employees to pay. Even the Otpor fist was gone
by that time—although a mid-level activist explains how the fist was reintroduced during
the political campaign as a last-minute tactic (Interview 5 May 2011). A leader in NGO and
political party Otpor confessed to the fact that he thought some of the campaign materials
were “really bad.” He felt that the people who ran their media campaign produced something
very different from what Otpor’s activists had created in the earlier days because they did
not share the same values as Otpor (Interview 8 May 2011).
Another aspect of functioning as a NGO worked against Otpor. When the 2003 parliamentary elections were announced, Otpor still had all the obligations of an NGO. They had
funds and grants that came with the obligation to carry out projects. They couldn’t simply drop
these projects in order to dedicate themselves to the electoral campaign (Interview 5 May 2011).
The Otpor that participated in the elections in 2003 was also very different from the
Otpor the general public knew. Otpor had always staunchly declared that its members were
not politicians. An article written about Otpor in 2000 reveals that sentiment: “The students do not seek power for themselves; they just want to make sure the opposition answers
to the demands of its own constituency” (Secor). A former leader sees this as a factor that
contributed to the electoral failure but at the same time said that perhaps they would not
have been so successful in their campaign against Milošević’s regime if they had proclaimed
their political ambitions from the beginning (Interview 8 May 2011).
Though Otpor did enter politics in the end, it is perhaps not quite accurate to describe
the leaders as suddenly wanting power for themselves. Many former Otpor members and
supporters didn’t recognize any of the names on the Otpor ballot precisely because the big
names in Otpor did not put themselves first on the ballot. As one of the former leaders explained, “We gathered some professors, some prominent persons because we thought maybe
we were too young, not able yet to deal with these kind of things [. . .] So even though we
were so responsible not to put ourselves in the first places, we confused people” (Interview 8
May 2011). The former leaders of this time certainly had their reasons for finally entering the
political arena—after seeing their powerlessness as a NGO, they understood that only real
change could be made through politics. As one of them explained: as a watchdog organization
they couldn’t do anything but “just bark like dogs” (Interview 8 May 2011).
But perhaps most important of the characteristics that impeded a successful political
party was that Otpor had never existed with a positive message. It had always been against
something—against Milošević, against corruption, etc. Other political parties used this
against Otpor by asking members whom they were against now. As one former leader explained “People didn’t see that we were offering something [as opposed to existing only with
a negative message]” (Interview 8 May 2011).
Ultimately it is difficult to discern the single most important factor that lead to Otpor’s
weak performance at the polls in late 2003. What is certain is that Otpor’s reputation and
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popularity was irreparably damaged by that point. Even former activists that left soon after
October 5th convey a general feeling of disappointment or even betrayal by the Otpor that
emerged after the revolution.5 Most activists do attribute this feeling of disappointment to
more than just Otpor—the general political situation was quite frustrating to many once or
still involved in Otpor. Theirs is also a feeling of disgust that goes beyond Otpor as an organization and is directed at former Otpor activists or leaders who are now in politics. More than
one former activist recalled the revulsion they felt at seeing a former Otpor member entering
the Serbian Progressive Party or another shaking the hand of Milošević’s right hand man.
Still, not all former activists believe that Otpor members who entered politics were
corrupted. One such activist that joined Otpor early on and stayed through the elections,
explained,
“I will be ex-Otpor member all my life and I’m okay with that. But should I wear the same
t-shirt all my life? Or can I change my behavior or maybe even my values in my life? [. . .]
Some people are in Liberal Party, some in Democratic Party—so what? [. . .] I really believe
that those people who were in Otpor and now are politicians still have the same values as
when we were together. I really believe in that. I really believe that if we had more people
in the leadership of every political party in Serbia who had Otpor values this country would
look much better” (Interview 8 May 2011).

The official end of Otpor as a body came soon after the elections when Otpor as a whole
fused with the Democratic Party in Autumn 2004. In some way though, the story of Otpor is
not over. Though Otpor does not possess the pristine image it once had in Serbia, it certainly
retained that image abroad. An organization headed by former Otpor leaders even dedicates
itself to teaching Otpor-style civil resistance to other countries.

Spreading Resistance Around the World: CANVAS
There is another part of the Otpor story that had been going abroad in parallel to what
was occurring in Serbia. In the years after October 5th, 2000, young people in other countries began to approach Otpor activists for help with ameliorating the political situations
in their countries. Otpor activists traveled to Belarus, Georgia, and Ukraine in the early
2000s in order to conduct trainings on the nonviolent methods they had used in Serbia.
Their work with the movement Kmara!, “Enough!,” in Georgia was the first success story
for Otpor activists. Soon after Otpor activists were training the Pora, “It’s Time,” movement in Ukraine (Rosenberg).
In 2003, Srđa Popović and Slobodan Đinović, two former Otpor leaders, founded the
Center for Applied Nonviolent Action and Strategies (CANVAS) in 2003 and continued
training activists around the world. CANVAS sees itself as an educational institution that
“support[s] nonviolent democratic movements through transfer of knowledge on strategies and tactics of nonviolent struggle” (DiGiovanni and Center for Applied Nonviolent Action
and Strategies). It has been recently featured in the media due to the connections between
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CANVAS and the April 6th movement in Egypt and the Otpor fist appearing in the streets
of Cairo during the anti-Mubarak demonstrations.
A former Otpor activist who now works for CANVAS is quick to clarify that CANVAS
does not “export resistance.” He explains that it only trains activists. What these activists do
with that training is up to them. In the course of discussing the factors that led to Otpor’s
poor performance at the polls, I asked if the lessons learned from what happened to Otpor
after October 5th factor in to the work he does abroad. He responded that his experiences in
Otpor after October 5th certainly influence the advice he gives groups today as a trainer in
CANVAS. He explains that trainers tell them that they “should leave space for [their] activism after” the removal of the undemocratic regime (Interview 8 May 2011). But to date only
one of the successful nonviolent movements that Otpor activists have worked with decided
to follow the path of becoming a political party—Pora in Ukraine. This activist recalls that
when activists in Pora decided that they wanted to become a political party, trainers warned
them that they had not taken the necessary pre-steps in order to successfully become a
political party. Pora’s first attempt to become a political party did in fact fail. Despite the
fact that this former activist has yet to see a social movement successfully transition into a
political party, he still believes that it’s possible (Interview 8 May 2011).

Conclusions
Through the research presented in this study, it is possible to point to specific changes that
Otpor underwent to make it nearly unrecognizable to former activists and the Serbian population at large by the 2003 parliamentary elections. One of the primary changes was that Otpor
took on the formalization and patterns of behavior of a NGO. Otpor also changed significantly
in this period as a result of its membership changing substantially as many new people joined
and many more of the activists from the period before October 5th left. Otpor had alienated
its younger activists by losing its previously open and creative working process and many of its
remaining original activists by deciding to enter politics. It also became clear through the analysis
of interviews that Otpor decided to become a political party and participate in the elections
of 2003 because many members had reached a point of frustration with the state of politics.
This frustration led them to believe that it was necessary to participate directly in politics—a
desire that some had already expressed previously in anticipation of the 2000 federal elections.
Through the interviews conducted with former activists and leaders in political party
Otpor, it is also possible to conclude that several factors contributed to Otpor’s poor results
in the 2003 elections. These include the short time span that Otpor had to prepare for a
political campaign and its general inability to clearly articulate to the public what it was and
what its goals were. Otpor had also lost the elements that made it a recognizable brand in
Serbia by that point, only adding to the public’s confusion.
But perhaps the most significant conclusion that can be drawn from this research is that
the biggest challenge facing Otpor after October 5th, 2000 was not the task of transforming a
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social movement into a political party but the challenge of taking a youth movement, that had
a recognizable brand and that was appealing to the public precisely because it wasn’t political, and moving it into the political arena. Thus the challenge facing Otpor after October 5th
was not the difficulty of shaping a social movement into a political party because by the time
that Otpor transformed into a political party it was very far from being a social movement.
As the discussion on CANVAS revealed, however damaged a reputation Otpor now has
in Serbia, its story still inspires people around the world. In this sense, Otpor’s story did not
end in 2004 but continues on in the movements that it inspires.
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I would like to thank Orli Fridman, who guided me in this project, and Vladimir Ninković, who supported
and encouraged me throughout the process. I would also like to thank all of the former activists who lent
me their time and stories. In addition, this project would not have been possible without the support of the
Institute for International Public Policy fellowship.
“Red town” was a term for a town that was a stronghold of Milošević support.
A term several activists used to mean a watchdog organization.
Through the interviews conducted for this article, it is clear that Otpor activists were divided into three
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tiers: the top leadership (a group of about ten people), a middle tier (a larger group of about 30 that was in
close contact with the top leadership but did not participate in major decisions), and the foot soldiers of
Otpor (the majority of activists). These distinctions are noted because they influenced the way activists experienced Otpor and the transitions it underwent after October 5th, 2000.
Part of Otpor’s damaged reputation after October 5th, 2000 is also a result of the funding and support that
the movement received from directly and indirectly from the U.S. government. The details of this relationship were only revealed after 2000 and were not known to the majority of Otpor activists.
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Abstract
The Plug-In Electric Vehicle (PEV) could represent the dawn
of a cleaner, smarter, more efficient era of electrically fueled
mobility. The United States transportation sector, which
consumes more than 14 million barrels of oil per day, could
be revolutionized to power itself with domestically produced
electricity from a variety of cleaner sources (Chambers
et al., 2010). The potential of the PEV to revolutionize
vehicle transportation has never seemed greater as some of
the most technologically advanced models ever designed
started rolling off production lines in 2009 (Convers et al.,
2009). With increased efficiency, lower fuel costs, and less
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carbon emissions, PEVs are beginning to offer more competitive performance and energy
consumption specifications compared to vehicles using an internal combustion engine. PEVs
can offer nations such as the United States a stepping-stone towards vital energy security
and stronger international prestige if permanent, wide-spread markets for PEVs are established. However, if the freedom and glory of this new epoch of transportation is to be fully
realized, two critical components of implementation must be addressed: infrastructure and
energy sources.
Large urban centers such as Austin, Texas are great environments for establishing an infrastructure system for electric vehicles. Austin has the necessary financial and utility resources
at its disposal, as well as the population concentration needed to support PEV adoption.
Figure 1, produced as part of the report “Electric Vehicles in America” (Benecchi, Mattila,
& Syed, 2010, Figure 5) conducted by Roland Berger Strategy Consultants and the Rocky
Mountain Institute’s Project Get Ready, highlights the comparative status of several large

Figure 1

Comparison of US Cities for Electric Car Potential
(Source: Project Get Ready Metro Evaluation 2010)
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American metropolises’ readiness to “accommodate the imminent launch of PEVs” (p. 3). As
illustrated below, the city of Austin has an invaluable opportunity to lead this revolutionary
transition to PEV transportation. The evaluation of Austin concluded that the city possessed
outstanding readiness in key areas including “operating environment” and “consumer interest”
(Benecchi, Mattila, & Syed, 2010, p. 2). Deploying an effective PEV infrastructure in Austin
will “allow [other cities] to learn which business models work for supplying…[PEVs] and will
help to create economies of scale” (Conver et al., 2009, p. 138).

Power Generation
The foundation of electric vehicle infrastructure is the supplier of electricity. Austin Energy (AE) provides the city of Austin with approximately 2600 MW of electricity generated
from a variety of sources including coal, natural gas, nuclear energy, and several renewable
sources (AE, 2010d). Most electricity used by a PEV operated in Austin will be generated
by Austin Energy (AE, 2010c). The fundamental contribution AE can provide in supporting a flourishing PEV infrastructure system is to make electricity available as cheaply as
possible at all times. Additionally, AE should focus on energy sources that compliment the
PEV’s environmentally conscious reputation. This means evaluating the resources locally
available and exploring new and existing technologies that harness these energy sources in
the cleanest, most cost effective manners. One sector in particular is emerging to answer
this challenge: renewable energy. In the spirit of clean, sustainable energy generation, AE
has pledged to compose 35% of its entire production out of renewable energy by 2020 (AE,
2010b). AE’s current and forecasted energy portfolio and goals regarding its energy mix are
depicted in Figure 2 (next page). The main renewable sources Austin wishes to employ are
wind, solar, and biomass. Together they can contribute a considerable amount of energy if
each energy source is developed and utilized to the maximum extent possible in the years to
come. One major advantage renewable energy offers, specifically wind and solar, is the fact
that its “fuel” source is virtually unlimited and freely available, which helps to reduce the
production cost per kilowatt-hour. This is important considering AE spent $309,158,288.78
on fuel in 2009 (AE, 2010a).
Wind is perhaps one of the most widely abundant and accessible renewable resources in
the state of Texas. Wind power is an ideal power source for PEVs because it reaches its peak
output at night when PEVs are most likely to be recharging (Chambers et al., 2010, Figure
2K). Austin Energy’s largest source of renewable energy is wind. AE currently contracts 439
MW from wind farms in West Texas, and that amount is expected to grow by more than 100%
by 2020 (AE, 2010b). AE has always been a major advocate of wind power and it continues
to secure even more wind contracts to add to its portfolio. An established technology like
the traditional wind turbines with fins, gearbox, and generator such as a General Electric
2.5 MW series has real potential to provide a significant portion of power for a PEV fleet.
Usually grouped in large numbers, these turbine towers are usually located in International
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Current and Projected Energy Mix for Austin Energy
(Source: Austin Energy, Energy Mix: 2009 Actual
vs. 2020 Forecasted)

Electrotechnical Commission (IEC) Class II or III wind zones to generate power (General
Electric, 2010). However, factors such as intermittency and long distances from Austin prevent wind from achieving its full potential as a base load supplier. Optimized turbine ratings,
increased capacity factors, and installed compressed air storage systems were identified by a
National Renewable Energy Laboratory (NREL) study and another American Wind Energy
Association (AWEA) conference to be potential solutions to these issues (Cory & Schwabe,
2009; Succar, Greenblatt, Denkenberger, & Williams, 2006). One of AE’s renewable energy
goals is to “investigate other wind deployment and storage strategies” (Duncan, 2009, p.23).
Austin Energy can support this goal by partnering with organizations such as the NREL and
AWEA to further investigate the feasibility of implementing turbine systems with higher
capacity factors and integrated compressed air storage installations.
Another plentiful renewable energy source is the infamous Texas sun. For once, the
colossal quantities of solar energy can be beneficial if they can be captured and converted
into electric power for use by PEVs. The most attractive feature of solar power will be the
ability to supply energy to the grid most effectively during the day when total loads on the
grid are peaking, especially during the summer months. Although indicators show that the
majority of PEV operators will charge their vehicles at night, it is possible there will still be
a considerable amount of PEVs drawing power during the day (Chambers et al., 2010, Figure
2K). Solar energy will ensure that this new load potential does not result in a grid overload.
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AE is actively evaluating many different solar opportunities totaling over 200 MW, all of
which AE could have operational by 2020 (AE, 2010b). Several locations 400 miles west
of Austin, such as the General Land Office tract and the Toyah tract are being studied as
potential solar farm locations that AE could contract as part of its solar portfolio (Osborne,
2011). Transmission lines known as Competitive Renewable Energy Zone (CREZ) infrastructure “will move renewable energy from the windy, hot deserts in the west to load zones
in the east” (Osborne, 2011, p. 2). As of January 2012, AE has contracted with Gemini Solar
Development Company to purchase solar power. The Gemini Solar Development Company
has constructed and operates one of the largest solar farms (30 MW) in the nation to date
in Webberville, TX, which is 16 miles from Austin (AE, 2010b). However, Austinites who
receive power from the solar farm will have to help cover the hefty $250 million price tag
for exclusive energy rights to that farm over the next 25 years through the contracted energy
rates of 16 cents/kWh (Osborne, 2011).
Two additional emerging solar power technologies worth mentioning are power towers
and parabolic troughs. Their potential as an efficient way to produce electricity lies in their
attractive projected levelized costs. With the proper technological advancements and cost
incentives cited in an extensive National Renewable Energy Laboratory assessment of both
technologies, each will boast levelised costs in the competitive range of any other energy
source available to AE. Sargent & Lundy Consulting Group (2003) recommends these technologies should be employed to supplement the PEV power supply.
The third renewable energy resource AE is considering is biomass. Although power derived
from biomass has been deemed by some as just another form of burning carbon-based fuels,
there are several characteristics that separate it from “non-renewable fuels” like petroleum and
natural gas. These benefits include its immunity from carbon tax legislation, its eligibility for
renewable energy production tax credits, and its mainly domestic origins (Mottola, 2008). AE
sees biomass as a great complement to wind and solar energy because of its capacity factor.
Biomass plants have the ability to constantly run 24 hours per day unlike wind and solar plants
(Mottola, 2008). There is a large-scale 100 MW wood fueled biomass plant under construction near Nacogdoches, TX that AE wishes to purchase power from for the next 20 years
(AE, 2010b). The ten-figure price tag for this new contract has raised concerns among some
in Austin. Former Mayor Will Wynn defended this and other biomass plants by stating that it
“is very comparable to the same amount of electricity from a modern natural gas plant based
on [2008] prices” and that, “this energy is a hedge against the wild spikes of the [natural] gas
market” (Mottola, 2008, para. 7). Additionally, approximately 50 MW more will be produced
from other proposed small scale biomass plants in and around the Austin area, bringing the
total biomass output in AE’s portfolio to 162 MW (AE, 2010b). There is also the possibility
that the Fayette Power Plant, which currently burns coal as its fuel, will be converted to co-fire
biomass (AE, 2010b). The addition of these biomass plants will add even more diversity to AE’s
renewable profile, which will provide more production assets for use by PEVs.
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Renewable energy has an outstanding opportunity to power an ever-increasing fleet of PEVs
on Austin’s roadways. To make this a reality, the technologies and processes employed to capture
these energy sources must be thoroughly explored and implemented to the maximum extent.
What should really be taken away from this analysis is that the infrastructure for powering PEV
transportation will not comprise of a single, dominant power source, like petroleum powers
combustion engines. A variety of established and emerging energy sources working together
will provide the required electricity in the most cost-effective and efficient manner possible.

Power Consumption
The other major consideration in implementing a PEV infrastructure system is determining how electric vehicles will receive the electricity produced by the utility company. If it is
assumed that 10 percent of the vehicles in Austin are PEVs, approximately 167,500 automobiles
would require power from the grid (TXDOT, 2010). The first general power consumption
issues pertaining to mechanical designs of a PEV infrastructure would be determining where
and how PEVs would be recharged. A recent study by the Electric Power Research Institute
(2010) discovered that 95% of the people surveyed “would prefer to charge [a PEV] at home”
(p. 1). However, in the urban Austin area, many citizens lack a dedicated, private parking space
where personalized electric vehicle supply equipment (EVSE) could be installed and used.
As a result, large emphasis should be put on public EVSE installations. The EPRI study also
confirmed that if public charging stations were required, location and faster charging times
would be critical to adoption. The survey responses indicated 75% would tolerate up to a
33% premium fee for faster charging rates (EPRI, 2010). This indicates that public charging
infrastructure must be quick, flexible, and easy for drivers to use and that consumers are
willing to pay more for these conveniences.
Typically, Electric Vehicle Supply Equipment is categorized as Level I, II, or III according
to specification publications by the Society of Automotive Engineers (Conver et al., 2009).
Level I is the standard 120-volt outlet, which can fully charge a 24 kWh battery (common
to light duty PEVs) in about 14 hours (Conver et al., 2009). The Level II charger operates at
240 volts—a voltage also readily available in most household settings—but it uses a special
charging dock that requires professional installation. This voltage cuts the recharge time to
between four and eight hours depending on battery size. This charging time is key to making PEVs a practical day-to-day vehicle because it would enable a full recharge in one typical
overnight parking time frame (Ulrich, 2010, p. 22).
The General Electric Wattstation is an example of one such Level II charger that could
easily become a common sight in the next decade in both public and private settings. The
Wattstation is projected to cost between $3,000-$7,000 for a commercial pedestal unit
and $1,500 for a wall-mounted residential charger (Ulrich, 2010, p. 22). General Electric has
partnered with consumer service networking website, ServiceMagic, to connect certified
installers and PEV owners (General Electric, 2012). To help offset the up-front costs, GE
Christopher Gluth

30

Volume 11

undergraduate research journal

Capital is also evaluating “financing options to qualified customers, enabling customers to
pay for the charger and installation costs over time” (General Electric, 2012, para. “Electric
Vehicle Charging from GE”). Level II chargers will provide the backbone of PEV charging
infrastructure because they can be installed by a trained professional virtually anywhere
electric service already exists. Plus, their voltages shorten recharge times enough for practical
applications, including short-term public parking areas.
Level III EVSE will be the gateway to complete consumer confidence in PEV
infrastructure. These industrial-strength direct current (DC) chargers can be spread across
Austin like petroleum gas stations currently are and fill a battery in as little as 30 minutes
with a whopping 480 volts (Ulrich, 2010, p. 22). Although standardization, cost, and safety
issues are still under development, these charging pumps could eventually be the solution to
vehicle range anxiety and long recharge times. Plus, citing the earlier conclusion that drivers
would be willing to pay extra for this capability, a premium monetary charge could go towards
covering installation and maintenance costs.
Looking further into the future, another type of recharging known as induction charging
could revolutionize the way in which electric vehicle batteries are charged by eliminating the
plug altogether. This form of installation would use magnetic flux to transfer energy through
an air gap magnetic coupling to the battery (Beretta, 2010, p. 47). Induction chargers offer a
wider range of infrastructural freedom because they can be placed underneath parking spots
in home garages, grocery stores, street spots, and many other locations where conventional
EVSE would be inconvenient or impossible to install (Beretta, 2010, p. 47). In the end, the
ideal balance of private and public charging infrastructure will be one that best serves the
needs of the drivers in a safe, convenient, and affordable way.
The task of providing solid infrastructure for electric vehicle transportation is a daunting
one. There are several more mechanical issues and opportunities, such as transformer upsizing
and smart grid technology, that were not discussed in detail but that should be explored in
order to create a more seamless system. Overall, however, the power generation and power
consumption items covered in this report will serve as the backbone to successful planning
and adoption. Through careful organization, cost analysis, and skilled deployment of energy
production sources and ESVE, an effective system can be designed and put into practice to
provide for a smooth transition to and operation of electric vehicles in Austin.
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Shortly after Bosnia-Herzegovina’s (hereafter Bosnia) declaration of independence from the Socialist Federal Republic
of Yugoslavia during early April 1992, the Bosnian Serb
Army (VRS) occupied tactical positions around Bosnia’s
capital, Sarajevo. Serb forces occupied the hills surrounding Sarajevo with a heavily equipped military complete
with artillery, tanks, and snipers. The subsequent siege
lasted until September 1995, took the lives of approximately
10,000 civilians, left every building within the valley either
partially or totally destroyed, and concluded only after an
intervention by NATO forces (Burg & Shoup, 1999). The
Siege of Sarajevo, the longest in modern history (Thomas
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& Mikulan, 2006, p. 23), presents a puzzling question. Why did the VRS blockade Sarajevo
instead of occupying the city and expelling or eliminating Bosnian Muslim civilians? With
such overwhelming military capabilities, the VRS could have easily occupied the city. As
opposed to the siege of Sarajevo, the containment of Srebrenica escalated to an occupation
and elimination of thousands of civilian refugees.
Starting in early July 1995, Bosnian Serb forces occupied positions surrounding the UN safe
area of Srebrenica. Under the watch of 200 lightly armed UN peacekeeping troops, General
Ratko Mladić of the VRS ordered the extermination of Bosnian Muslims at Srebrenica. In
the ten days that followed July 11, approximately 7,500 Muslim men and boys met their tragic
end via a series of orchestrated mass murders (Brunborg, Lyngstad, & Urdal, 2003). Srebrenica
represents the deadliest massacre on European soil since World War II, and the only event of
the Bosnian War (1992-1995), or any of the Balkans conflicts (1991-1999), that the international
community declared as genocide (Prosecutor v. Krstić, 2001). July 1995 represents a threefold increase in the total number of war-related deaths than in the previous six months combined and
double the number of deaths in the following six months. The events at Srebrenica demonstrate
a clear departure from strategies employed at Sarajevo and elsewhere during the Bosnian War.
Why did Serb forces pursue tactics of elimination at Srebrenica but not at Sarajevo?
Generally, why do civil wars escalate to genocide in some instances but not in others? I answer
that civil wars are likely to escalate if and only if the belligerent leadership intends, has the
opportunity, and possesses the capacity to escalate violence. I draw on fieldwork conducted
in Bosnia and Rwanda to provide experiential and ethnographic insight into civil wars.
Moreover, I adopt a political science methodology in order to isolate the three variables
of intent, opportunity, and capacity, and thus, analyze the role of leaders during conflicts. I
utilize a decision tree in order to evaluate given inputs to determine possible outcomes. A
substantial portion of my evidence draws from judgments and eyewitness testimony from
the International Criminal Tribunal for the Former Yugoslavia (ICTY).

Some Approaches to Genocide
Some theories explain the escalation of ethnic violence and genocide during civil wars as
a reaction to historically embedded racial or cultural differences (Dragnich, 1993; Huntington,
1998), religious hatred (Selis, 2003), resource scarcity and political fissures (Horowitz, 2003;
Gat, 2006), or regime type (Barnes, 1999). Others attribute this violence to failures of the
international community (Honig & Both, 1996; Kallab, 1996; Power, 2002), regional disruptions from “bad neighbors” (Sambanis, 2001), irredentist desires to reclaim territory fueled
by xenophobia and nationalism (Denich, 1994; Hagan, 1999), which often precipitate from
the institutional disintegration of a state (Woodward, 1995), and typically a combination of
all or some of the above. However, none sufficiently explains why one ethnic conflict escalates to genocide while another does not. Previous theories fail to account for why violence
escalated at, for instance, Srebrenica but not in Sarajevo.
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James Ron in Frontiers and Ghettos (2003) argues that ethnic cleansing occurs once minority
groups operate on the periphery of the majority group’s core. The core is considered the
central point of authority for a state. The periphery lies outside the core and is less susceptible
to its institutional control and oversight, and thus the periphery is more prone to liberally
applied violence. For example, during imperialism, Mexico was positioned on the periphery of
Spain’s core explaining Spain’s brutality against indigenous populations. During the Bosnian
war, Bosniak Muslims were on the periphery of the Serbian core because once Yugoslavia
dissolved, the Bosniaks broke institutional ties with the larger Yugoslav state. As a result,
Bosnia became a frontier to Serbia since it lacked a central governing authority while Bosnian
Serbs remained close with Belgrade.
Strategies of ethnic violence shifted in response to changes in authority. Prior to the war,
Serbian authorities coerced minority populations through non-lethal police tactics such as
detailed surveillance practices, segregation of public spaces, and political disenfranchisement.
However, once Yugoslavia’s sovereignty and the rule of law dissolved, Ron (2003) suggests
that frontiers become “weakly institutionalized and often chaotic settings prone to vigilantism and paramilitary freelancing” (p. 16). This “vigilantism and paramilitary freelancing”
translates into methods of ethnic cleansing because no authority maintains a monopoly of
power, forcing competing groups to fill the political vacuum.
Ethnic cleansing entails forceful tactics of extrajudicial killings, forced displacement of
unwanted populations, rape, arbitrary arrests and detention, and deliberate attacks against
civilian populations. Genocide, not synonymous with ethnic cleansing, entails the logical
conclusion of ethnic cleansing and is the manifestation of the intent to partly or fully destroy
these groups.
Ron’s argument compellingly traces how Bosnia’s tense stability during the late 1980s
transformed into violent conflict after Bosnia’s declaration of independence in 1992. Nevertheless, Ron’s argument fails to explain why ethnic cleansing escalated to genocide once
Bosnia became a frontier to Serbia during the Bosnian Civil War. Within this frontier area,
ethnic violence produced genocide in Srebrenica but not in Sarajevo nor in any other area.
His argument does not account for variations in political strategies within a single frontier,
which is important because policies of displacement and containment throughout most of
Bosnia were fundamentally different than the elimination utilized at Srebrenica. Building
on Ron’s argument that institutional setting affects policy outcomes, I examine the work of
social scientists in order to lay the framework for my argument.

Why Follow a Few Bad Men?
Following the Holocaust, social psychology research provided insight into the internal
decision-making process of genocidal actors. In 1971, Philip Zimbardo (2008) conducted the
infamous Stanford Prison Experiment, which suggested that institutional settings compel
individuals to internalize assigned roles and violate their own codes of morality. Stanley
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Milgram built on Zimbardo’s findings in 1974 by conducting a series of related experiments.
Milgram’s groundbreaking work indicated that individuals have a propensity to follow authority at the expense of inflicting severe pain onto innocent individuals. Milgram (1974)
makes the important link between authority and individuals by defining obedience as “the
psychological mechanism that links individual action to political purpose. It is the dispositional cement that binds men to systems of authority” (p. 1). Twenty years after the Zimbardo
experiment, Christopher Browning (1992) researched a battalion of the Nazi Order Police
(Ordnungspolizei) and determined that obedience to authority, internalizing assigned roles,
and peer-pressure strongly predict whether individuals will commit atrocities. Building on
Browning’s research, Chirot and McCauley (2006) assert, “Membership in a group of killers
creates powerful bonds that can legitimize killing and reduce any dissonance felt by those who
murder” (p. 57). This literature, among others, indicates that perpetrators of genocide often
willingly, deliberately, and obediently follow orders in furtherance of a genocidal campaign
against unwanted and otherized groups (Staub, 1989; Lemarchand, 1994; de Backer, 1997;
Waller, 2002; Buss, 2005; Deardurff, 2009).
Benjamin Valentino (2004), in Final Solutions: Mass Killing and Genocide in the 20th Century,
argues that a tiny fraction of society, orchestrated by a few key leaders, carries out genocide.
He contends that “the active support or participation of the majority of the public is not generally necessary for mass killings to take place” (p. 31). This argument explains how a few dozen
soldiers commanded by Ratko Mladić at Srebrenica executed approximately 7,500 individuals
in ten days in Srebrenica. Moreover, Valentino cites Daniel Goldhagen (1996), whose research
suggests that approximately 1% of the total German population knowingly participated in the
Holocaust, resulting in a frightening ratio of Jewish victims to German perpetrators.
Since non-democratic regimes have implemented the majority of 20th century statesponsored campaigns of mass violence against unwanted groups, broad and public support
of genocidal campaigns is not necessary. According to Valentino “mass killings carried out
by Nazi Germany, Japan, Cambodia, and Rwanda practically ceased overnight when the regimes that initiated them were overthrown by military force” (p. 63). Without organizational
capacity, grassroots mobilization is not an effective means to continue a genocidal campaign
in lieu of defeat by a stronger military power. Consequently, genocidal regimes are driven
by the personality of their leaders. This conclusion serves as the first premise of my theory.

Policy Outcomes: A Decision-Making Analysis
I argue that leaders are likely to implement genocidal policies whenever they possess
intent, opportunity, and capacity. Intent is divided into two outcomes: hatred and strategic.
Opportunity is also divided into two policy outcomes: backfire or help. Finally, capacity is
divided into two outcomes: sufficient and insufficient. If hatred guides leadership, and they
have sufficient capacity, then genocide is the outcome. If they have insufficient capacity, then
genocide is not the outcome. If the leadership’s intent is strategic, and if the plan would
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backfire, genocide is not the outcome. Instead, I argue that if a plan of genocide would
backfire, then the belligerent leadership is likely to implement alternative policies such as
forced removal or containment of unwanted populations. Finally, if the leadership has strategic
intent, if a policy of genocide would further those strategic goals, and if the leadership possesses sufficient military capacity, then the outcome is likely elimination through genocide.
Figure 1 represents this decision tree.

Figure 1

Decision outcomes for genocidal and non-genocidal policies. The
X indicates outcomes do not produce genocide; whereas, the
check mark indicates an outcome of genocide. Notice that
genocide can be produced as an outcome with intent fueled by
either hate or strategy.

If the leadership does not implement a genocidal campaign even if conditions are favorable, then there is an absence of a plan to coerce an unwanted group and thus a lack of capacity.
Outcomes of containment, displacement, and elimination often simultaneously exist
within a given conflict. For instance, the Bosnian Serb policy of containment during the
Siege of Sarajevo allowed for displacement and elimination to occur in other areas outside of
international attention. Furthermore, a policy of containment could transition into a strategy
of elimination. In the months building up to the Srebrenica genocide, the Serbs contained
the UN safe zones in order to weaken the protected enclaves. During these months, the
Serbs took hostages, blockaded humanitarian convoys, and launched minor incursions in
response to limited NATO airstrikes. However, once the situation became more desperate,
the Serb leadership determined that a policy of elimination at Srebrenica offered the best
chances for success. This example demonstrates that policy outcomes are often complex,
shift frequently, and may occur simultaneously during a given conflict. The purpose of this
flow chart is to provide an analytical tool that suggests why leaders subject ethnic groups
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to certain policies in some instances but not in others. Now I analyze how opportunity and
intent influence policy outcomes.

Intent and Opportunity
Legal scholars Shirelle Phelps and Jeffrey Lehman (2005) define intent as “a determination to perform a particular act in a particular manner for a specific reason; an aim or design;
a resolution to use certain means to reach an end” (pp. 408-409). This definition has three
components indicated by semicolons. The first requires that an actor performs an action deliberately and for an intended reason. This coincides with the literature, which convincingly
argues that rational coordination guides genocidal policies with an aim towards annihilating
one group so the other can prosper (Bauman, 1989; Chirot & McCauley, 2006; Kiernan, 2007;
Lemarchand, 2009). Second, intent implies that an action may represent an overall plan.
For instance, the deportation of the Jews to concentration camps in Poland represents one
deliberate act in a series of escalating acts aiming to eventually eliminate a particular group.
Finally, the means utilized for a given end are deliberate and rational. Implementation of
given means corresponds to achieving certain ends, implying that means are proportional to
the ends. For example, only when the Nazis failed to implement their goal of purging Jews
from Europe by other means did they utilize the Final Solution through the infamous Death
Camps (Browning, 2004). Consequently, the intended means are sensitive to the desired ends
implying that actions do not operate independently of an individual’s desired goal.
Opportunity implies that conditions must be ripe or favorable for the effective execution
of an action. Opportunity differs from capacity because even a capable party may be unable
to perform an act due to unfavorable conditions. In this case, they would likely favor a policy
of containment or displacement. I argue that the military leadership determines whether
conditions are favorable or unfavorable, and whether a particular policy would backfire or
help their overall strategy.
During war, leaders respond rationally to changes in the international and domestic
setting through a cost-benefit calculation. This calculation determines viable plans of action and their potential consequences contingent upon external forces (Gochman & Leng,
1983) — the heart of the opportunity-variable. Referring to the 19th century Russian policy
against unwanted Muslim Circassions in the Caucuses, Chirot and McCauley(2006) argue,
“The Russian Empire decided they could not be subdued. [The Muslims] were considered
‘savages’ and ‘bandits’…. In instances such as these a simple calculus takes place. The indigenous population is troublesome and cannot be controlled or dispossessed. To leave it in place
diminishes the value of the territory, either as a strategic holding or for economic exploitation.
The local population is vulnerable because it is militarily weak, so it is killed or expelled” (p. 23).

This analysis is telling because the Russian leaders determined that containment or
displacement of the unwanted Circassions would be insufficient for maintaining security
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over the region. They determined that a policy of elimination would not backfire given the
insufficient military capacity of the Muslims or pressure from neighboring nations. Elimination
ensued because it helped their overall strategy of internal security, and favorable conditions
allowed for its occurrence. This suggests a variety of variables guides leaders in determining
whether the setting is conducive to elimination.
Leaders weigh the perceived benefits of elimination of an unwanted group against the
predicted costs of implementing such an extreme policy. Holocaust scholar Zygmaut Bauman
(1989) argues that genocidal leaders perceive such a policy as beneficial because, “Getting rid
of the adversary is not an end in itself….The end itself is a grand vision of a better, and radically
different, society [(emphasis his)]. Modern genocide is an element of social engineering, [which
is] meant to bring about a social order conforming to the design of a perfect society” (p. 85).
Leaders that pursue utopia have the tendency to perceive a policy of genocide as helpful,
though it may backfire in practice. The pursuit of this ideal intended by genocidal policies
was prevalent at Srebrenica. In 1995, Bosnian Serb forces realized that their situation became
increasingly desperate as increased Bosniak offensives spread the VRS too thinly. The Serb
leadership’s decision to shift from a policy of containment to elimination at Srebrenica suggests that desperate times require desperate measures, even if a risky gamble has high prospects for defeat. Nevertheless, political suicide is a risk that accompanies genocidal policies,
which helps explain why there are so few instances of genocide: many leaders are unwilling to
incur this potential cost. With this in mind, let us shift our attention to the Siege of Sarajevo.

A Calculated Gamble: The Siege of Sarajevo
The Siege of Sarajevo formally began on April 5, 1992 with the murders of student protesters
Suada Dilberović and Olga Sučić by snipers on the Vrbanja Bridge. What followed was a thousand
day siege in which 18,000 Bosnian Serb forces (VRS) attempted to destroy Bosniak culture by
leveling Sarajevo and blockading the city’s population. The Bosnian Government defense forces
(ARBiH), predominantly Muslim, were poorly equipped and failed to repel the VRS, producing
the longest siege in modern history. By the war’s conclusion, “Sarajevo, with 526,000 inhabitants,
had suffered some 12,000 dead and 35,000 buildings destroyed, and had shrunk to a population
of about 250,000” from the resultant exodus of Sarajevans to other parts of Bosnia and abroad
(Thomas & Mikulan, 2006, p. 24). The tenure of Stanislav Galić, commander of the SarajevoRomanija Corps from September 7, 1992 to August 10, 1994, provides insight into the strategies
utilized by Bosnian Serbs during the siege of Sarajevo (Prosecutor v. Galić, 2003).
In 2003, the Trial Chamber of the Stanislav Galić found that Galić actions breached
international law and the customs of war when he deliberately directing attacks against nonstrategic and non-military targets (Prosecutor v. Galić, Summary Judgment, 2003). The Chamber
found that the Serbs systematically targeted civilians in parks, cemeteries, hospitals and
children playing in the street, markets, and essentially any place exposed to the VRS military.
Furthermore, the Serbs utilized inaccurate mortar and artillery projectiles that resulted in the
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loss of civilian life through gross negligence. The courts concluded that the level of civilian
casualties and recklessness of Serb officers exceeded even a liberal interpretation of collateral
damage that necessarily occurs during urban warfare.
The siege also constituted a policy of containment intended either for the surrender of
Bosniak forces or for coercing the international community into a favorable peace deal. In the
first months of the siege, it became increasingly clear that the Bosniaks would not surrender.
Instead, the Serbs focused on coercing the international community into a favorable peace
deal by remaining just below the threshold that would induce international intervention. The
testimony of former U.S. Deputy Ambassador to the UN Herbert Okun, a special advisor to
Bosnia Special Envoy Cyrus Vance, captures this strategy. Okun asserts,
“[T]he war aims of the Bosnian Serbs were: One, to have their own state; Two, for the state to
have territorial continuity and to be contiguous to Serbia; Three, for the state to be as ethnically pure as reasonably possible; Four, to have a special relationship between that state and
Serbia; Five, a divided Sarajevo; and, Six, a veto power of any residual powers that may be held
by a central government of Bosnia-Herzegovina” (Prosecutor v Karadžić, April 22, 2010, p. 1465).

Okun’s testimony suggests that Bosnian Serbs intended to coerce the Muslim residents
at Sarajevo while implementing a strategy of give-and-take with the international community.
“Serbian leaders were unsure quite how far they could go before their actions pushed western
leaders over the brink” (Judah, 1997, p. 213). For instance, the Bosnian Serbs, upon pressure
from the international community, granted UN forces control of the airport. Opening the
airport to UN forces beginning in late June 1992 provided critical supplies needed to alleviate
civilian suffering. However, Tim Judah (1997) suggests this also had the unintended consequence of supplying Serb forces with needed food and supplies through black market trading
and seizure of humanitarian supplies. A second unintended consequence of humanitarian
intervention allowed for unchecked aggression in Northern Bosnia outside of media coverage. Coupled with the humanitarian intervention debacle in Somalia, the Serbs successfully
played off a cautious and intervention-weary west in furtherance of their strategic goals.
Galić and his forces began actively utilizing sniping and shelling strategies to handicap
the effectiveness of the UN. Witness Y, a United Nations Protection Force (UNPROFOR)
soldier, testified that sniper activity would immediately stop during negotiations amongst
the leadership or during brief cease-fire episodes. Consequently, Serbs utilized the sniping
campaign as a means to maintain leverage over the international community, which prolonged
the siege and allowed for offensive maneuvers outside of Sarajevo. Moreover, Witness Y
testified that the intensity of shelling would adjust to three factors: military actions on the
ground, visits by international authorities to Sarajevo, or active negotiations. Jeremy Hermer,
a UNMO Military Information Officer in Sarajevo, indicates that when favorable conditions
persisted, the Serb forces intentionally fired inaccurate ordinances into the city such as
Multiple Launch Rocket Systems (MLRS) that indiscriminately strike square kilometer areas.
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The most infamous and controversial event that occurred during Galić’s tenure as
commander was the First Markale Massacre on February 5, 1994. A single shell penetrated
the covered marketplace, killing 60 and wounding 140 others (Prosecutor v. Galić, 2003). The
international community pressured Galić to withdraw his artillery from the surrounding
hills under the auspices of the UN or face NATO air strikes. Galić capitulated with these
demands to avoid armed intervention, but Bosnian Serb forces continued to blackmail the
international community in other regions. As evidenced by Galić’s shrewd maneuvering,
Bosnian Serb actions demonstrate an acute awareness of domestic and international variables
that guide military maneuvers.

The Failed Gambit: Genocide at Srebrenica
The massacres culminating in genocide at Srebrenica and the surrounding areas began
on July 11, 1995 and lasted until July 22, 1995. On April 16, 1993 the United Nations Security
Council unanimously passed Resolution 819, which declared Srebrenica a zone safe against
hostile actions from belligerent actors. By the summer of 1995, Srebrenica’s population
swelled to over 60,000, predominantly Muslim, refugees. Accordingly, Srebrenica served as
an ideal target for Serb aggression as United Nations troops, under equipped and without
a mandate to exercise force, remained at the mercy of the increasingly hostile and reckless
Bosnian Serb leadership.
The Bosnian Serb President Radovan Karadžić acted in conjunction with VRS Commander and head of the Drina Corps, Ratko Mladić. They intentionally implemented a
strategy of genocide at Srebrenica. Lieutenant General Rupert Smith, appointed commander
of UNPROFOR from January 1995 until the war’s conclusion, testifies that Karadžić and
Mladić, along with other military leaders, were “clearly operating together,” “conducting
themselves on a single direction,” and that the politico-military relationship displayed sufficient decision-making to facilitate group decision-making (Prosecutor v. Karadžić, February
8, 2011, pp. 11302-11305).
In a document dated March 6, 1995, Lieutenant General Smith details a high-level meeting between Mladić and other Serb leaders regarding the strategic importance of the UN safe
zones such as Sarajevo and Srebrenica. Mladić demanded a lifting of UN imposed sanctions
on the importation of weapons into the country. The UN refused. In response to the sanctions, Serb forces limited aid into some UN safe zones and launched an offensive into the
safe zone of Bihać, adding pressure to an already strained and starving refugee population.
In his testimony, Smith asserts that the enclaves were “what the Bosnian Serbs were going to
be attending to in the immediate future.” This strategy served the dual purpose of bringing
pressure upon the UN and as “a way of freeing up their own forces and resources for their
own operations” (Prosecutor v. Karadžić, 2011, p. 11312).
Smith describes this scenario as the “hostage and the shield” where UN forces provided
humanitarian aid to enclaves, such as Srebrenica, in order to shield the refugees from Serb
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attacks. From March until July, Mladić and the Drina Corps justified incursions into the safe
zones, contrary to UN resolutions, in order to prevent Bosnian Muslim forces from launching offensives from protected areas. In reality, the safe zones lacked military capacity and
consisted almost exclusively of malnourished, internally displaced persons. Mladić’s troops
exacerbated the humanitarian crisis by prohibiting entry of aid. He intended to make the
Muslim population “dependent on the goodwill” of Bosnian Serbs “while at the same time
avoiding condemnation by the international community and international public opinion”
(Prosecutor v Karadžić, 2011, p. 11321). Furthermore, a breakdown in negotiations between
Representative for the UN Secretrary General, Yasushi Akashi, and Serb leaders produced
a continued deterioration of protected areas and bought time for the Bosnian Serbs to reallocate military resources to the areas surrounding Srebrenica.
Tensions escalated as the Bosnian Serb leaders became increasingly desperate. On
May 25, the UN ordered the Serbs to surrender a cache of weapons to a safe zone under
UN supervision. In response to Mladić’s refusal to comply with this order, NATO forces
retaliated with an air strike on an ammunitions depot outside of the Bosnian Serb capital of
Pale. That evening, Smith testifies that the VRS shelled all of the UN safe zones, resulting
in the deaths of 70 civilians. On May 26, the VRS responded to four NATO airstrikes on
ammunitions depots by taking UN peacekeepers as hostages. Mladić threatened that further
NATO attacks would lead to televised executions of the some 300 UN personnel that they
had kidnapped.
This prevented UN and NATO forces from taking decisive military action. A recorded
conversation on June 3 between prominent Serb military leaders Momčilo Krajišnik, future first
Serb president of Bosnia-Herzegovina, and Momčilo Vinković illustrates the Serb blackmail
strategy. In consultation of their military options in the eastern enclaves, Vinković states, “They
can’t make a normal plan that they’ll follow because every plan that they want to follow implies
the use of military force, and they cannot do that because they’ll endanger the lives of these
hostages” (Prosecutor v. Karadžić, 2011, pp. 11410-11411). Throughout June, Mladić commanded
his forces to continue blocking humanitarian aid to the safe zones and conducted an offensive
operation against a UN convoy on June 26. Following the attack, General Smith sent Mladić
a letter expressing “grave concern” for incursions into the safe zones. These warnings went
unheeded as Mladić’s troops escalated their offensive into the eastern safe zones.
Ratko Mladić’s repeated incursions into UN safe zones and an escalation of violence at
Srebrenica suggest that Mladić and Bosnian Serb forces possessed strategic intent to remove
the unwanted Bosnian Muslims. They gambled that the UN and NATO would remain idle
and that a removal of Srebrenica’s occupants would not produce a decisive response by
the international community. Initially, their strategy seemed to help their overall political
and military goals because the United Nations continued condemning the Bosnian Serbs
without the credible threat of force. An hour later on July 7, General Tolimir, Mladić’s
second‑in‑command, issued a letter to “the president of the Republic of Srpska…
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… [who] had been informed of the successful combat operations that achieved results, enabling
the units of the Drina Corps to occupy the very town of Srebrenica; that the president is
satisfied with the results of the combat operations and has agreed with the continuation of
operations for the take-over of Srebrenica, disarming of Muslim terrorist gangs, and complete
militarization of the Srebrenica enclave” (Prosecutor v. Karadžić, 2011, p. 11425).

The Serb political command followed with an order to the Drina Corps to minimize unnecessary casualties and extend protection and safety to the civilians at Srebrenica in accordance
with the Geneva Conventions. Serb promises to defend civilian populations also seemed
questionable when, on July 11, the Serb forces announced on a loudspeaker and on Serbian
radio that Srebrenica had been taken as a gift to the Serbian people. By July 12, Serbs had
fully implemented the strategy of elimination against the enclave at Srebrenica.
Between July 11 and July 25, General Smith met repeatedly with Mladić and other Bosnian
Serb leaders. They denied reports that they separated men from the women and children,
and then bussed and executed men in the thousands in outlying areas. When questioned
specifically about reports of thousands of missing males, Mladić responded that the VRS
transported the POWs to the safe zone of Žepa. Increasing satellite evidence of mass graves
around the Srebrenica safe zone contradicted Mladic’s claims.
General Smith argues that Mladić’s stalling and desperate tactics helped allocate troops
to defend against increasing Muslim incursions on other fronts. A five-hour meeting between
the two on August 22 details Smith’s criticisms of the Bosnian Serbs for carrying out massacres
at Srebrenica. Their actions led to an increasing isolation in the international community and
poor media portrayal placed them at a serious strategic disadvantage. Consequently, when
the Serbs directed mortars at a marketplace in Sarajevo on August 28, now known as the
Second Markale Massacre, their reckless actions prompted a decisive international response.
Between August 30 and September 20, NATO forces “flew 3,400 sorties, including 750
attacks against 56 ground targets” that crippled Serb military capabilities (Thomas & Mikulan, 2006). Richard Holbrooke, one of the key architects of the Dayton Peace Accords,
demanded that Serb forces withdraw from the areas around Sarajevo and surrender. Mladić
refused to comply with Holbrooke’s demands because he claimed they were protecting Serb
populations in Sarajevo. Karadžić also notably asserted that if they surrendered, “We would
lose Sarajevo and 150,000 Serbs would be defenseless before the savage Muslim hordes” (Silber
& Little, 1996, p. 366-367). Increasingly, negotiators such as Holbrooke and Smith suspected
that Karadžić and Mladić were losing their grip with reality. However, when Serbian President
Slobodan Milošević refused to support the Bosnian Serb non-compliance with Holbrooke’s
demands, the Bosnian Serb leadership acquiesced to the demands of UN and NATO. Mladić
commanded his troops to remove their heavy artillery from Sarajevo, and NATO responded
by halting their air strikes. This steady de-escalation of conflict concluded with Croat, Muslim,
and Serb parties agreeing to the Dayton Peace Agreement in November, which they formally
signed in Paris on December 14, 1995.
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Moving Forward
What began as a containment of the UN safe zones of Srebrenica in early 1995 eventually
escalated to a policy of elimination, which culminated in the only event declared genocide
by the international community and the deadliest episode on European soil since World War
II. Determined leaders account for domestic and international factors by employing a costbenefit analysis that guides military policy. In some instances, containment or displacement
are the outcomes. When conditions are favorable, genocide may result through a policy of
elimination. Nevertheless, when unarmed civilian populations face overwhelming military
force, and when the international community idly observes or conducts counterproductive
operations, the consequences can be disastrous.
Similar scenarios played out in Rwanda in 1994 when Hutu governmental forces orchestrated a planned genocide against the Tutsi minority. Similarly, an intense, short-lived genocide by Hutus against Tutsis following the presidential assassination of Malchior Ndadaye
demonstrates a policy of elimination guided by hatred. Moreover, once Kosovo became a
frontier to Serbia’s core in March 1999, Slobodan Milošević implemented a widespread policy
of displacement coupled with isolated massacres. These cases, along with Bosnia, demonstrate
that paying careful attention to how military and political leaders respond to international
and domestic forces represents an important tool in preventing civilian deaths or reacting
decisively once diplomacy fails.
As of writing in February 2012, the ongoing protests in Syria, as part of the wider “Arab
Spring” movement, have faced a brutal crackdown from the Bashar al-Assad regime over
the past year. United Nations reports suggest that the regime murdered approximately
5,400 civilians with signs that violence continues to escalate (Associated Press, January
10, 2012). Reports of torture, rape, cutting off food and water supplies, military occupations, and reports of the use of inaccurate MLRS abound (Macleod & Flamand, February 7,
2012). Alarmingly, government forces laid siege to many towns such as Homs, Daara, Idlib,
and others in order to cut off protestors from one another and from receiving necessary
supplies. Since Syria exercises a monopoly of force over its borders and forbids independent reporters to confirm human rights violations, the prospects for a limited or decisive
intervention are slim.
Though the events of Syria are quite alarming and complex, the fact that Western audiences have watched intently the events of Darfur, the Arab Spring, South Sudan, Libya, Syria,
and other flashpoints not necessarily related to US interests, represents a clear departure
from the 1990s ambivalence towards crimes against humanity. Increasing regional policing
through multilateral organizations such as NATO, the African Union, and the Arab League
represents, though not without their faults, a promising new chapter in the tattered pages
of humanitarian intervention. Someday, “Never Again” may come true.
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Abstract
In this paper, we present experimental and numerical observations of different phenomena characteristic of chaotic
behavior. Specifically, we show through experimentation
how chaotic motion is reached by an infinite series of
period-doubling bifurcations. Also, by numerically solving
the equations of motion of a damped pendulum subject to
a fixed amplitude periodic driver, we are able to show the
fractal nature of the plot of the basins of attraction (in initial condition space) of two mirror orbits, thereby showing
the extreme sensitivity of our chaotic pendulum to initial
conditions.
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1 Introduction
Early in the nineteenth century, Pierre Simon de LaPlace stated that if we knew
exactly the initial conditions of all particles in the universe at some moment of time, we
would be able, in principle, to explicitly determine the future of all events with absolute
certainty.[1] Newtonian dynamics seemed to describe any phenomenon in the universe
and to be, in principle, completely deterministic. With the advent of chaos theory and
quantum mechanics, we now know that this statement is a gross over-simplification.
For instance, according to quantum theory, the properties of a given system are inherently non-deterministic. The uncertainty principle, tells us that certain pairs of physical
observables cannot be known simultaneously with arbitrary accuracy (e.g. the position
and momentum of a particle).
But even within the realm of classical (Newtonian) physics, we see that the promise of
a completely deterministic universe is far from reality. Since we can only know the initial
condition of a system up to a certain level of accuracy, we can only predict its behavior so far
into the future. In particular, if our system is chaotic our theoretical model will eventually
differ from reality, and this deviation will grow exponentially in time. Hence, chaos is a more
subtle subject that arises even in pure Newtonian mechanics.
Thus, the study of chaos allowed us to discover the remarkable fact that determinism does
not imply either regular behavior or predictability, and this had a major impact in the fields
of physics, engineering, and mathematics. The study of chaos has many applications as well,
as it sheds new light on the workings of lasers, fluids, mechanical structures, chemical reactions, biological rhythms, earthquakes, and even weather forecast.[4] In fact, Edward Lorenz,
one of the early pioneers of the study of chaotic behavior, published in 1963 his numerical
work on a simple model of the convection of the atmosphere when it is heated below by the
ground.[5] To his (and the scientific community’s) surprise he discovered that his model of
the atmosphere exhibited chaotic behavior. His work clearly had strong implications about
weather predictability. We now know that one can only hope to predict the weather a few
days in advance since the chaotic behavior of the models of the atmosphere prevents us from
having an accurate long-term prediction of the weather.
In this paper, we present experimental observations of different phenomena characteristic of chaotic behavior such as spatial symmetry breaking, period-doubling bifurcations, and
extreme sensitivity to initial conditions. For the same purpose, we also present a numerical
simulation that illustrates the strong sensitivity of our chaotic system to initial conditions.

2 Theoretical Model
For this experiment we consider a simple pendulum consisting of a point mass m, at the
end of a light rigid rod of length l, attached to a frictionless pivot. The mass is allowed to
move freely under gravity in the vertical plane. Let θ be the angle subtended between the
string and the downward vertical. The angular equation of motion is given by
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Equationwhere
(1): I is the moment of inertia of the mass. Since the mass is a point particle rotating

about a fixed point a distance l away, we see that I=m l2. The only two forces acting on the
mass are the downward gravitational force, given by m g, and the tension in the rod. However,
the tension
the rod makes no contribution to the torque since its line of action passes
Angular equation
ofin
motion:
through the pivot point. We also see that the line of action of the gravitational forces passes
Equation (2):
a distance l sinθ from the pivot. Hence the total torque is τ=−m g l sinθ, with the negative sign
representing
the fact that it is a restoring torque. Combining these results, we obtain the
Angular equation
of motion:
following angular equation of motion for our pendulum,

Equation (1):

Equation (3):
Angular equation of motion:
Equation (1):
Equation (2):

Now, suppose that the pendulum is placed in a viscous medium—air, for instance. Assuming

Normalized
that equations:
the drag
torque due to the medium is directly proportional to the pendulum’s instantaAngular
equation
of motion:
Equation (1):
neous velocity, the above equation of motion generalizes to
Equation (2):

̂

Equation (3):

̂

̂

Equation(1):
(4):
Equation
Equation (2):
Equation (3):
where v is a positive constant parameter for the viscosity. Since the viscous damping will

̂

̂ ̂

eventually
drain all the energy ̂ from the system,
we need to add some external driving to
̂
Normalized
equations:

maintain the motion. We choose a constant amplitude periodic drive, with amplitude A and

Equation
(2):
Equationfrequency
(5):
ω. The final equation of motion becomes
Equation (3):
̂
̂
Normalized equations:
Equation (4):

̂

̂

̂

̂

Equation(3):
(6):
Equation
Normalized equations:
̂ for̂small
̂ amplitude oscillations
Note that if we use the small angle
approximation
sinθ≈θ
̂
̂
Equation (4):

of our simple pendulum, Equation (1) has the simple solution where is natural frequency of
̂
̂
̂
(i.e. simple harmonic motion).
Now, for the sake of clarity, we can normalize our
Equationoscillation
(5):
̂
̂ ̂
final equation of motion (Eq. ̂ (3)) by writing,
̂

Normalized equations:
Equation (4):
Equation (5):
Equation (6):
Equation (4):
Equation (5):
Equation (6):

̂

̂

̂

̂

̂

̂

̂
̂ ̂

̂
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(4):

Normalized equations:

̂
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̂

̂

̂

̂ ̂

EquationNote
(5): that Q is the so-called
̂
quality
̂ factor of the pendulum—âmeasure of the damping of

the system. We can see that in normalized units, Â is the amplitude of the driving torque in
Equationterms
(4): of the maximum gravitational torque, and ̂ω is the oscillation frequency of the driver
in terms of the pendulum’s natural frequency. From here on, the hats on these quantities will
Equationbe
(6):omitted for clarity purposes.
̂
̂ ̂
Since Equation (4) is a second-order
ordinary
differential equation, it follows that it can
̂
̂
be written as two coupled first-order ordinary differential equations:

Equation (5):

Equation (6):

Clearly, Equations (5) and (6) constitute a non-linear dynamical system, because of the sinθ
term. Despite its relative simplicity, this system does not possess a simple analytic solution.
In this paper, we present experimental observations of a system as described in this section.
We then present observations made from the numerical solutions of Equations (5) and (6).
For both the experiment and the numerical simulation, the system parameters (which we
can vary) are A, Q, and ω. The initial conditions are the values of the angle θ and the angular
velocity dθ/dt=v at time t=0. Given θ(0) and v(0), we can numerically solve Equations (5) and
(6) to determine θ and v at any other time in the future—this is in essence what we do in
the numerical simulation, for the set of all initial conditions.
We conclude the section with a definition of chaos that most people would accept:
Chaos is aperiodic time-asymptotic behavior in a deterministic system that exhibits
sensitive dependence on initial conditions.[2]
By time-asymptotic behavior we mean that the phase-space trajectories (discussed
below)—the space in which all possible states of the system are represented (all possible
position and velocity values, in our case)—do not settle to fixed points or to periodic orbits.
Note that the system is deterministic; that is, the equations of motion possess no random
inputs. Irregular behavior is then caused by the non-linearity of the equations, rather than
noisy driving forces. Lastly, the system exhibits strong sensitivity to initial conditions such
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that nearby trajectories in phase-space separate exponentially in time (more technically, they
have a positive Lyapunov exponent [6]).

3 Experimentation
For the experimentation, we used the pendulum shown in Figure 1.

Figure 1

The chaotic pundulum

Figure 1:

The pendulum
(1)
Figure
2: is connected to a fixed amplitude periodic driver (4). The
damping is controlled by the copper plate (3) that produces a magnetic
field which opposes the motion of the pendulum (the damping strength is
controlled by the silver knob (2)). The apparatus is attached to the PC, where
we use a computer program to record the motion of our pendulum.
The pendulum is connected to a fixed amplitude periodic driver, which allows for the
selection of both the amplitude and the frequency of oscillation of the driving torque. The
damping is caused by the copper plate that produces a magnetic field that opposes the motion of the pendulum. The plate’s position can be changed using the silver knob on top of
the pendulum, thereby changing the magnetic field and increasing/decreasing the damping
of our pendulum. The pendulum is connected to the PC, where we used a program to record
the motion of our pendulum in real time. The program reads out a text file that contains
data for a phase-space plot and the corresponding Poincaré section. For the experimentation,
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we shall note that our apparatus does not allow for an accurate quantitative control of the
damping. Hence, we chose instead to vary the amplitude of our oscillator (even though for
the results obtained below we do not explicitly state the values of our pendulum parameters).
We start by considering the simplest case—a highly damped driven pendulum, with a
relatively small-amplitude driving torque. Since the high damping will prevent the pendulum
from having large amplitude oscillations, the small angle approximation will be still valid
and hence we expect the pendulum to settle to the motion of the driver. Thus, we expect
the time-asymptotic behavior (after the motion has settled to a given orbit and all transient
behavior has died away) of our pendulum to be a simple periodic orbit in phase-space. A plot
of this motion is shown in Figure 2.

Figure 2:
Figure 2

Phase-space plot of a highly damped periodically driven pendulum.

As we can see, the fact that the orbit forms a closed curve in phase-space (a single loop)
suggests that the corresponding motion is periodic with the same period as the external
drive. We call this period-1 motion.
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In general, period-n motion consists of motion which repeats itself exactly every n periods
of the external drive. A graphical test for period-n motion is the so-called Poincaré section,
which plots only one point (in phase-space) per period of the external drive. For period-1 motion, we expect the Poincaré section to consist of only one point—all points lying on top of
one another. Correspondingly, we expect the Poincaré section of period-n motion to consist
of n points in phase-space. The Poincaré section corresponding to the above phase-space
plot is shown in Figure 3; as expected, the section consists of a single point.

Figure
3: 3
Figure

Poincaré section of a highly damped periodically driven pendulum,
same as in Figure 2. For period-1 motion, the Poincaré section
consists of a single point.

Now, if we continue to increase the driving torque amplitude, while leaving the other
parameters fixed, we will reach a point in which our pendulum changes from a period-1 orbit
to a period-2 orbit. This is called a period-doubling bifurcation. Note that the same phenomena can be observed if we vary the damping instead of the amplitude (for our equations of
motion (5) and (6) it is mathematically equivalent to vary either one). We chose to vary the
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amplitude because the driver allows for a more precise selection of the desired amplitude.
Figure 4 shows the time-asymptotic phase-space orbit and Poincaré section of our pendulum
with the same fixed parameters as in Figure 2, but with a higher value for the driving torque
amplitude (A).

Figure 4

Time-asymptotic phase-space orbit and Poincaré section of our
pendulum with the same fixed parameters as in Figure 2, but with
Figure 4:value for the driving torque amplitude.
a higher

NOTE: Both of the above pictures constitute Figure 4 and should be placed sequentially, one on top of

The motion repeats
the other. itself every two periods of the driving frequency
(corresponding to two points in the Poincaré section). This is the first perioddoubling bifurcation of our pendulum as we increase the driving torque
amplitude.but with a higher value for the driving torque amplitude. The motion
repeats itself every two periods of the driving frequency (corresponding to two
points in the Poincaré section).
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If we continue to increase the driving torque amplitude, we reach a point in which we have
a second period-doubling bifurcation—this time, from period-2 motion to period-4 motion.
This second period-doubling bifurcation of our pendulum is shown in Figure 5.

Figure 5

Time-asymptotic phase-space orbit and Poincaré section of our
pendulum with the same fixed parameters as in Figure 4, but with
Figure 5:
a higher
value for the driving torque amplitude.

NOTE: Both of the above pictures constitute Figure 5, and should be placed sequentially, one on top of

the other.itself every four periods of the driving frequency. This
The motion repeats
Figure 6:
is the second period-doubling
bifurcation of our pendulum as we increase
the driving torque amplitude, but with a higher value for the driving torque
amplitude. The motion repeats itself every four periods of the driving
frequency. This is the second period-doubling bifurcation of our pendulum as
we increase the driving torque amplitude.
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We should point out that as we continue to increase the driving torque amplitude, the
bifurcations occur at smaller and smaller subsequent increments. We show in Figure 6 a third
period-doubling bifurcation, into period-8 motion. It looks extremely similar to the period-4
motion, but one can notice a slight difference in the Poincaré section—every point is actually
two points very close together, meaning there is indeed period-8 motion (this is more easily
seen as the plot is filled in real time).

Figure 6

Time-asymptotic phase-space orbit and Poincaré section of our
pendulum with the same fixed parameters as in Figure 5, but with
a higher value for the driving torque amplitude.

This is a third period-doubling bifurcation of our pendulum as we increase the
driving torque amplitude. As the plot is filled in real time, one can notice that
it is actually eight points that are being plotted in the Poincaré section.
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Shortly after this last bifurcation, as we continue to increase the driving torque amplitude, we observe that the points in the Poincaré section do not land on top of one another
at all. It looks like we have reached a point of period-infinity motion—that is, motion that
never repeats itself. This bounded aperiodic motion is what we observe to be chaos. Figure
7 shows the chaotic behavior of our pendulum.

Figure 7

NOTE: Both of the above pictures
constitute Figure orbit
6, and should
placed sequentially,
one on topof
of our
Time-asymptotic
phase-space
andbePoincaré
section
the other.
pendulum with the same fixed parameters as in Figure 6, but with
Figure 7:
a higher value for the driving torque amplitude

(This process NOTE:
as described
above
also
be7, and
done
lowering
theone
damping
Both of the above
pictures can
constitute
Figure
shouldby
be placed
sequentially,
on top of
the other.
of the pendulum instead of increasing the driving torque amplitude). We have
Figure 8:
reached a point
in which the motion of the pendulum never repeats itself (periodinfinity motion). In the Poincaré section we observe a strange chaotic attractor.
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Interestingly enough, we note that even though we have completely aperiodic motion in
phase-space, the Poincaré section does not appear to be completely random. We observe a
strange chaotic attractor in which all points (although never repeating some pattern) only
land on a peculiar region of phase-space. That is, even though we have chaotic motion for our
pendulum, the trajectories remain bounded in phase-space, our so-called strange attractor.

4 Numerical Simulation
In order to explore the sensitivity of our chaotic pendulum to initial conditions, we
produced numerical solutions to Equations (5) and (6), using MATLAB’s fourth-order RungeKutta integration solver, ode45.[3]
First, for experimental motivation, we noticed that for a period-1 motion (given some set
of parameters) the time-asymptotic behavior of our pendulum sometimes yielded a different
orbit, without changing any of the parameters. We found that our pendulum settled to two
different time-asymptotic orbits, depending on the initial conditions of the pendulum. Figure
8 shows the two different time-asymptotic orbits observed. This is an example of symmetry
breaking in our chaotic pendulum since our equations of motion (5) and (6) do not distinguish
rotation in any particular direction.
Now for our numerical solution to our equations of motion (our MATLAB program), again
starting from a highly damped pendulum (which corresponds to a low Q value [see definition
of Q in the theoretical model section]) with a simple symmetric period-1 orbit in phase-space,
we slowly increase Q up to the point in which we observe a different time-asymptotic period-1
orbit. In fact, we see that just like our experimental observations above, depending on the
initial conditions, our pendulum settles down to two possible time-asymptotic orbits (See
Figure 9). For the simulation we have complete control of the pendulum parameters and thus
we record them accordingly for each figure.
Interestingly, the orbits seem to favor one region to the side of the pendulum’s vertical
over the other. That is, for some set of initial conditions the pendulum seems to spend more
time on the right-hand side of the vertical (θ>0, right-favoring orbit), and for some other set
of initial conditions the pendulum spends more time on the left-hand side (θ<0, left-favoring
orbit). However, there is no distinction between both sides in the equations of motion of
our pendulum. Thus, we call this a symmetry breaking solution.
In order to further investigate this phenomenon, we wrote a MATLAB program that
plotted the basin of attraction for a pendulum with a given set of parameters—Q=1.3, A=1.5,
and ω=2/3. That is, a plot in initial condition-space in which every point corresponds to the
attractor orbit (right or left favoring) to which the pendulum settles down. For our plots,
sets of (θ(0), v(0)) that yield a left-favoring orbit are colored in gray and those that yield a
right-favoring orbit are colored in black. Our program works in the following way: First, it
takes one point in initial condition space and integrates the equations of motion (Eqs. (5) and
(6)) for this set of θ(0) and v(0). The program then decides if the time-asymptotic orbit is
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Two different observed period-1 time-asymptotic orbits for our
pendulum. Depending on the initial conditions, the pendulum
yielded one of the two orbits below.

The pendulum undergoes a full rotation about its axis in the top case, while
for the other case on the bottom the pendulum does not fully rotate. This is an
experimental indication of spatial symmetry breaking.
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NOTE:
Bothpossible
of the abovetime-asymptotic
figures constitute Figure orbits,
8, and should
be placed
sequentially,
oneand
on top of
Two
with
Q=1.3,
A=1.5,
the other.

ω=2/3. Left-favoring orbit (top plot) was obtained with Θ(0)=0
v(0)=0.

Figure
9:
and

NOTE: Both of the above pictures constitute Figure 9, and should be placed sequentially, one on top of

Right-favoring
orbit (botom plot) was obtained with Θ(0)=0 and v(0)=−2.
the other.
This is an example of spatial symmetry breaking.
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left-favoring or right-favoring by finding the maximum absolute value of θ—if the maximum
is negative then we say the orbit is left-favoring, and if the maximum is positive we say that
the orbit is right-favoring. Finally we plot the point (θ(0), v(0)) with its resulting color. The
basin of attraction for the mirror images in Figure 9 is shown in Figure 10.

Figure 10

Basins of attraction for the asymmetric mirror images (attractors)
shown
Figure 10: in Figure 9.

Regions of initial condition space that lead to time-asymptotic left-favoring orbits
are colored gray, and regions that lead to time-asymptotic right-favoring orbits
are colored black. Data calculated for Q=1.3, A=1.5, and ω=2/3.
As we can see, the basins of attraction for the two attractor orbits form a rather complicated pattern in initial condition space. In particular, note that near the bottom left-hand
corner there seems to be a very thin gray band in between the two thicker gray regions. For the
present figure, the structure of this band is not very well resolved. Thus, we ran our program
again in this smaller region of initial condition space in order to obtain a better resolution for
these bands; Figure 11 is the result of this “zoom-in” (Note: we do not zoom in into the picture,
but rather run our program again for finer steps in a smaller range of initial condition space).
As we suspected, there is in fact a thinner middle band between the larger gray bands.
We then look for possible finer structure between the first two gray regions (from left to
right). We ran our program another time to observe this smaller region in initial condition
space. Figure 12 is a “zoom-in” of Figure 11.
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Calculation of the basins of attraction for our two attractor orbits
in a smaller region (finer steps) of initial condition space.

Figure 11:

This is a “zoom-in” of Figure 10—a magnification factor of [θ, v]=[6.3,9.3]x.
Data calculated for Q=1.3, A=1.5, and ω=2/3.
Surprisingly, we can see that the first region of gray actually consists of two regions of
gray—a large gray region from the bottom left-hand corner and a very thin gray band adjacent
to it. Although the thin gray band is not very well resolved in the present figure, we can at
least notice that there is in fact finer structure to our pattern in this region. Thus, we ran
our program another time in order to obtain a better resolution in this unresolved region of
initial condition space.
From the above figure it can be seen that the barely noticeable thin gray band in Figure
12 actually consists of two thin gray bands very close together. That is, the unresolved thin
band in Figure 12 actually consists of two finer bands. We ran our program another time to
observe a smaller region in initial condition space near the thinner of the two bands. Figure
14 is a “zoom-in” of Figure 13.
Following our suspicion, we see that there is in fact finer structure near the bottom
left-hand corner of our picture; it can bee seen that there is a thin gray band near the large
gray region. For the present figure, the structure of this band is not very well resolved. Thus,
we ran our program one last time in this smaller region of initial condition space in order to
obtain a better resolution. Figure 15 is a “zoom-in” of Figure 14.
[Figure 15]
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Calculation of the basins of attraction for our two attractor orbits
region (finer steps) of initial condition space.

Figure
in a12:smaller

This is a “zoom-in” of Figure 11—a magnification factor of [θ, v]=[7.2,13.6]x.
Data calculated for Q=1.3, A=1.5, and ω=2/3.
Figure 13

Calculation of the basins of attraction for our two attractor orbits
Figure 13:
in a smaller region (finer steps) of initial condition space.

Figure 14: of Figure 12—a magnification factor of [θ, v]=[28.1,15.7]
This is a “zoom-in”
x. Data calculated for Q=1.3, A=1.5, and ω=2/3.
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Calculation of the basins of attraction for our two attractor orbits
in a smaller region (finer steps) of initial condition space.

Figure 15:
This is a “zoom-in”
of Figure 13—a magnification factor of [θ, v]=[16.7,7.0]x.
Data calculated for Q=1.3, A=1.5, and ω=2/3.

From Figure 15, it can be seen that the very thin gray band observed in Figure (14) actually consists of two closely spaced thin gray bands, but the narrower of these bands has a
structure that is not very well resolved in the present figure.
At this point, it should be clear that no matter how closely we look at Figure 10 we will
always find structure that we cannot fully resolve. That is, the plot of the two basins of attraction in initial condition space is a curve that exhibits structure at all scales—a fractal, in
mathematical language.
Relating back to our pendulum system, we can see that in the region where the fractal
nature manifests itself most strongly (in the region we “zoomed-in” several times), the system
exhibits an extreme sensitivity to initial conditions. That is, we only need to change the initial
conditions slightly (enough to go from a gray band to a black band) in order to completely
change the the time-asymptotic behavior of the pendulum (in this case, from left-favoring
to right-favoring motion or vice versa). The slightest change in the initial condition of our
pendulum (in this area of the fractal) will entirely change its future motion. Hence, if we happen to land on one of these fractal regions of initial condition space, it is virtually impossible
to predict the future motion of our pendulum, even though the equations of motion (5) and
(6) are completely deterministic (they possess no random inputs). This surprising result is
exemplary of chaotic behavior and extreme sensitivity to initial conditions.
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Calculation of the basins of attraction for our two attractor orbits
Figure 15:in a smaller region (finer steps) of initial condition space.

Figure 15

This is a “zoom-in” of Figure 14—a magnification factor of [θ, v]=[3.1,3.3]
x, and a total magnification of [θ, v]=[63466,46729]x from Figure 10. Data
calculated for Q=1.3, A=1.5, and ω=2/3.
Thus, through this numerical simulation we have explored the extreme sensitivity
that our system has in some special regions initial condition space, in a relatively simple
scenario—period-1 motion exhibiting spatial symmetry breaking. Extreme sensitivity to
initial conditions is, as we stated before, a characteristic behavior of a chaotic system. (For
more numerical simulation experiments of pendulums exhibiting chaotic behavior, please
see reference [7].)

5 Conclusion
By experimentally recording the motion of a damped periodically driven pendulum and
studying the numerical solutions of Equations (5) and (6), we were able to observe the chaotic
behavior of a pendulum as described in the theoretical model section. Specifically, through
experimentation we were able to record a series of period-doubling bifurcations which eventually lead to completely aperiodic motion (period-infinity motion) in phase-space—chaotic
(unpredictable) motion. Moreover, the corresponding Poincaré section of such chaotic motion was not a completely random pattern, but it resembled a strange attractor. The points
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in the Poincaré section seemed to all land in this particular strange attractor, and thus the
trajectory of our pendulum appeared to be somehow bounded in phase-space.
Furthermore, in a very neat numerical simulation, we were able to show the very strong
sensitivity of our pendulum to initial conditions, even in a rather simple scenario of period-1
motion with spatial symmetry breaking. Specifically, we observed that the plot of the basins
of attraction of our two different orbit attractors was in fact a fractal (the plot exhibits
structure at all scales). In the region where the fractal nature manifests itself most strongly,
the system exhibits an extreme sensitivity to initial conditions. Only a slight variation in
the initial conditions near this region will suffice to completely change the time-asymptotic
behavior of our pendulum, making the predictability of the pendulum’s motion (for all subsequent time) virtually impossible. Furthermore, it is interesting to note that from Figure 7
the trajectories on a chaotic attractor remain confined to a bounded region of phase-space,
and yet they deviate from their neighbor trajectories exponentially fast (as shown in our
numerical simulation). That is, trajectories diverge strongly and rapidly while at the same
time they remain bounded. As stated in the introduction section, these phenomena that we
observed (experimentally and numerically) are characteristic of chaotic behavior.
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Abstract
Oxidative stress from exposure to particulate matter (PM)
induces inflammation, DNA damage, and mutagenesis;
these effects induce serious health risks. Houston has a large
petrochemical industry, but there are no studies demonstrating the oxidative stress inducing ability of Houston PM on
epithelial cells. Here we show that air samples collected
from industrial areas of Houston have more PM than nonindustrial areas. Industrial PM possesses great spontaneous
reactive oxygen species (ROS) generating ability, and induced
greater intracellular ROS in bronchial epithelial cells than
PM from non-industrial residential areas.
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NF-κB is a transcriptional protein that is the master regulator of cellular response to
the oxidative stress produced by the ROS. A powerful strategy for blocking the deleterious
effects of PMs is to engineer a DNA aptamer that will inhibit NF-κB’s response by specifically binding to it with high affinity. In this study, we synthesized recombinant NF-κB p50,
engineered a duplex DNA aptamer, and demonstrated that this DNA duplex aptamer bound
to the NF-κB protein in an electrophoretic mobility shift assay. DNA aptamers against other
proteins are now in Phase I clinical trials in humans. Consequently, our exciting results are
likely to open the gateway to targeted therapeutic use of NF-κB DNA aptamers against PM
and oxidative stress-induced diseases.

INTRODUCTION
In 2007, the Nobel committee awarded a prize to recognize the international efforts to
build up and disseminate greater knowledge about man-made environmental changes. One
area of great concern is the health hazard presented by respirable particulate matter (PM),
1-10µ particles in the air that we breathe often created as an industrial byproduct. Inhalation
of airborne PM in urban pollution poses a significant health risk by increasing mortality from
respiratory diseases. In particular, large industrial cities like Houston, Detroit, and Los Angeles produce greater levels of PM that present pronounced health risks. Studies have shown
that industrial PM is particularly harmful because in addition to the cardiorespiratory health
risks associated with exposure to urban pollution, it can induce heritable damage to genes,
thereby increasing the risk for cancers and heritable diseases. This underlines the importance
of both defining the mechanism by which PM induces inflammation in the airway and genetic
damage and identifying highly specific strategies of abating this deleterious response to PM.
Man-made pollutants can exist in the gas phase or as PM. Somers and colleagues investigated the relative importance of airborne PM versus gas-phase substances in inducing
genetic damage under ambient conditions. In their landmark article, they reported that
high-efficiency particulate-air (HEPA) filtration significantly reduced heritable mutation rates
at repetitive DNA loci in laboratory mice, which were housed outdoors near major sources
of pollution1, 2. Yauk and colleagues investigated DNA damage, mutation, and methylation
in mice exposed to PM air pollution in an industrial/urban environment2. Mice exposed to
ambient air near industrial area developed demonstrable DNA strand breaks at 3 and 10 wks
of exposure compared to mice breathing HEPA-filtered air; this change persisted following
removal from the environmental exposure. This important observation indicates that airborne
PM from urban and industrial air pollution exposure is a major factor contributing
to elevated mutation rates, cancers and genetic risks in humans.
A large body of literature has convincingly demonstrated worsening of cardiorespiratory
illnesses following exposure to airborne PM. Significant PM pollution was strongly implicated
in the acute morbidity and mortality from respiratory diseases such as asthma and COPD
in Pennsylvania, London, and New York.3 Even relatively low ambient levels of PM10 (30
Aakash Sur

the university of texas at austin

Spring 2012

67

to 150 micrograms/m3) were associated with increases in cardiorespiratory mortality.3 In a
study performed on 138 African American children in Los Angeles, exposure to PM10 was
associated with occurrence of respiratory symptoms4. Likewise, European studies, such as
the CESAR study, have demonstrated an association between PM exposure and significant
increase in hospital admissions for asthma, bronchitis and pneumonia 5, 6. Together these
studies demonstrate the exacerbating effects of PMs on cardiorespiratory illnesses in humans.
The airway epithelium is the first line of defense against inhaled PMs. Studies have demonstrated that epithelial cells exposed to PM develop oxidative stress.7, 8 Oxidative stress is
caused by an imbalance between the production of reactive oxygen and a biological system’s
ability to readily detoxify the reactive intermediates or easily repair the resulting oxidative
damage to DNA. The oxidative stress induced by PM is profound, resulting in epithelial
cell apoptosis by activation of mitochondrial complex III9, 10 and oxidative DNA damage11.
Polluted cities often present their populations with high amounts of PM, and thus place
their inhabitants at an elevated risk for extensive oxidative stress. The Houston area has a
large petrochemical industry located in Texas City, and is within the top five most polluted
cities in the US. Kulkarni and colleagues used unique lanthanum and lanthanides markers to
study the particulate matter in Houston area air; they demonstrated that the impact from
industrial emissions to ambient air quality occurs simultaneously with a larger, regional haze
episode that leads to elevated PM concentrations12. Even though there are many petroleum
refineries and chemical industries in Houston, there is no published information on
the role of Houston area industrial PMs (including Texas City) on induction of epithelial oxidative stress.
NF- κB is the key cytoplasmic sensor for cellular oxidative stress. It is a master regulator
of the cellular response to reactive oxygen species, and controls synthesis of a large number
of genes involved in the inflammatory response to oxidative stress. Particulate matter has
been shown to activate NF- κB on contact with airway epithelial cell surfaces.13 Li and colleagues reported that particulate matter induced the expression of pro-inflammatory genes
such as IL-8, MCP-1, and VCAM, and NF- κB inhibitor, CAY10512, significantly abrogated
PM-induced pro-inflammatory gene expression14. In an article published in Nature, Karin
and colleagues reviewed growing evidence that NF- κB signaling provides a mechanistic
link between inflammation and cancer, and is a major factor controlling the ability of both
pre-neoplastic and malignant cells to resist apoptosis-based tumor-surveillance mechanisms15.
Karin also reviewed considerable data that NF- κB might also regulate tumor angiogenesis
and consequently tumor invasiveness. Likewise, Inoue and colleagues in their review indicated
that NF- κB is activated in cells that become malignant tumors and in cells that are recruited
to and constitute the tumor microenvironment. In the latter scenario, NF- κB activation
results in production of cytokines, which in turn induces NF- κB activation in premalignant
cells, leading to expression of genes involved in abnormal growth, malignancy, and bone metastasis.16 Since oxidative stress from PM exposure can cause serious complications including
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inflammation, DNA mutation, and cancers, one way of controlling the effects is by regulating
the involved transcription factor, NF-kappa B. These reports suggest that NF-κB is an
attractive target for therapeutic strategies to prevent PM-oxidative stress-induced
inflammation, DNA damage, and cancer.
NF- κB is a very important protein for normal physiologic function of cells. However,
the currently available small molecule inhibitors of NF- κB can have substantial off-target
deleterious effects. This is the probably the main reason why there have been no clinical
studies on the use of any NF- κB inhibitor to prevent oxidative stress-induced damage

from environmental or industrial PMs. To achieve this objective, an inhibitor specific to
NF- κB has to be developed that will not induce off-target effects. One such approach
utilizes a selected DNA oligonucleotide aptamer that can bind to NF-κB with a high
degree of specificity.
DNA aptamers are short DNA sequences derived from combinatorial selection of 1013 to
1015 sequences of chemically synthesized DNA that physically bind to their target proteins
by forming secondary and tertiary structures. Aptamers have very high binding specificity,
low immunogenicity, and are structurally stable and easy to synthesize. The high affinity and
specificity of aptamers to cellular protein targets make them a very attractive therapeutic
agent as direct protein inhibitors. An example of current clinical use of a DNA aptamer is
anti-VEGF aptamer, pegaptanib. Even though these studies show that DNA aptamers are
very specific, clinically useful inhibitors of protein targets, the use of an NF-κB binding
DNA aptamers to prevent the harmful effects of environmental oxidative stress has
not been reported.
The objectives of the current study are:
•

To test the hypothesis that PM in air samples obtained near the massive Texas City
industrial complex in Houston will induce greater intracellular oxidative stress in the
lung epithelial cells than PM in air samples obtained from a control non-industrial
area 35-40 miles away.

•

To develop a combinatorial chemistry-derived DNA aptamer with a high affinity
toward NF- κB to potentially inhibit cellular response to PM-induced oxidative stress.

MATERIALS AND METHODS
Collection of particulate matter. Air samples containing particulate matter were
collected from schools across Houston, and fell into two categories: industrial (near the Texas
City petrochemical industrial complex) and non-industrial (outside a 35-40 mile radius from
the complex). BGI OMNI FRM air-sampling device was used to sample the air total particulate matter (TPM). The Omni FRM uses 5 liters per minute airflow through a jet stream
that traverses a filter where particulate matter is deposited. The filters were weighed in an
analytical microbalance before placing them in the air sampler, and again after sampling.
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Extraction of particulate matter from filters. After 15 hours of air sampling, the
filters were removed from FRM OMNI and each individual filter was labeled and stored in
a plastic zip-lock bag. Each filter was weighed again in the same analytical microbalance to
calculate the weight of accumulated particulate matter. Then, to extract particulate matter,
the filters were cut into small pieces and placed with 1 ml water in a sonicator to facilitate
extraction, and the solution of particulate matter in water was lyophilized to dryness and
reconstituted in 50µL water to make a concentrated solution of particulate matter. The extractability of particulate matter from the sample filters was determined by UV spectrophotometric
analysis. The reconstituted particulate matter samples were analyzed in a spectrophotometer
in the ultraviolet C range and the optical densities were recorded.
Determining direct Reactive Oxygen Species generation by PMs. The concentrated solutions of particulate matter from each collection area were added to a solution of
redox-sensitive dichlorofluorescein dye, DCF, and the generation of reactive oxygen species
was quantified in a fluorometer (BioTek Instruments).
Determining intracellular ROS generation in bronchial epithelial cells. Airway
epithelium is the first line of defense against air pollutants. To quantify intracellular ROS
generation in these cells induced by particulate matter, the bronchial epithelial cell line A549
was cultured and incubated within T25 flasks. The cells were transferred to 24 well plates, and
grown to 70% confluence. The redox-sensitive dye DCF was added to the cells to encourage
the intracellular uptake of dye, and extra cellular dye was washed away. The concentrated
solutions of particulate matter from each collected area were added to these DCF loaded
A549 cells, and generation of reactive oxygen species was quantified in a fluorometer (BioTek).
Expression and Purification of NF-κB. Human NF- κB (pGEX plasmid residues
38-344) was over-expressed in Escherichia coli BL21 (DE3) pLysS by induction with Isopropyl
β-D-1-thiogalactopyranoside (IPTG) as a fusion construct attached to glutathione S-transferase (GST). Normally, eukaryotes encode for NF- κB-1 p105, a transcriptional inhibitor,
and later process the protein to produce a much smaller relative in the Rel family, p50, one
of the dimers in the NF- κB complex.17 However, our plasmid expressed the p50 subunit,
bypassing its precursor. Furthermore, the modified E.coli strain contained an introduced
Ampicillin resistance gene thereby allowing the selective growth of the colonies to only those
that contained plasmid vector. The bacterial colony was then grown in Miller’s Lysogeny
Broth, a concoction of 10g/L Tryphone, 5g/L Yeast extract, 0.17M NaCl, with the addition
of Ampicillin, at 37°C until the OD600 of the reached a near ideal 0.49 optical density. The
bacteria were induced with 1mM IPTG and allowed to incubate for a period of four hours.
The cells were pelleted and subsequently re-suspended in a lysis buffer; 20 mM NaH2PO4,
pH 7, 1 M NaCl, 1 mM EDTA, 1 mM PMSF, and 1mg/mL Lysozyme.
To harvest the recombinant protein, the cells underwent freeze thaw cycles and sonication. The lysate was then centrifuged at high speeds up to 10,000g to pellet the cytoplasmic
contents. The supernatant was discarded and the pellet suspended in Phosphate Buffered
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Saline (PBS). A glutathione-Sepharose affinity column was prepared by washing it with 6M
Gaunidine Hydrochloride and PBS. Once the column was relieved of contaminating bacterial
nucleic acids and proteins and a baseline ultra violet absorbance was achieved, 50mL of lysate
was passed through the column, having only the p50 GST fusion protein associating with the
affinity column. One thousand units of thrombin were incubated in the column overnight
to cleave the GST tag from the protein, allowing the native structure of the protein to be
collected. The protein was then concentrated 5x in Amicon® Centrifugal Filter Units and
stored at -20°C in 25% Gylcerol, 0.03% NaN3, 2mM EDTA, 0.1 mM PMSF.

Combinatorial Selection of Aptamers Targeting NF-κB. Nucleic Acid binding
sequences are selected through a PCR amplification model18. A library of oligonucleotides
containing anywhere from 1013 to 1015 sequences is produced using a “split and pool” method
where DNA strands are split at certain points to allow random nucleosides to be incorporated.
This massive library is then incubated with the NF- κB complex allowing for aptamers with
a structurally complementary shape to bind to the protein. These bound fractions are then
amplified by PCR and subsequently tested again with the target for a second round of screening. This process is continued until one is satisfied that the library is enhanced for sequences
that have the highest affinity possible.19 The iterative process for the in vitro selection is shown
schematically (Fig.1). The selected aptamers are then analyzed though gel electrophoresis and
then cloned and sequenced. This procedure has been well established and King et al. utilized
it searching for binding motifs and sequences of DNA to NF- κB. In this study, I used the
same method to determine a high-affinity aptamer and decided upon the DNA duplex ap-

Figure 1

Screening of DNA aptamers that bind NF-κB.

The cyclical screening of aptamers to identify high affinity binding sequences
targeting NF-κB. 19
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tamer sequence for the NF- κB protein complex: 5` GCCTGGGAAAGTCCCCTCAACT
3` (top strand), 3` CGGACCCTTTCAGGGGAGTTGA 5` (bottom strand).
Synthesizing Oligonucleotides The synthesis of DNA from ß-cyanoethyl phosphoramidite monomers is currently the industry standard. Recent advances in solid-phase synthesis
have developed high coupling efficiencies. The ABI Expedite 8909 Nucleic Acid Synthesis
System with a solid bead based support, surfaced with the initial protected nucleoside
(phosphoramidite), initiates the basic cycle in a reaction column. Reagents and solvents are
pumped through the column creating a site for the successive addition of phosphoramidites.
Each addition cycle includes detritylation, activation, coupling, oxidation, and capping (Fig.2).
Intervening wash steps remove excess reactants and by-products of reaction.20

Figure 2

The biochemical processes behind synthesizing oligonulceotides.

At each cycle, if the base pair is not properly attached to the backbone, the
sequence is chemically capped to inhibit further additions 20

Deprotection and Purification of DNA The first step in processing the synthesized
DNA is to cleave the oligomer off the solid phase support bead. The synthesis column is repeatedly washed with syringes of ammonium hydroxide and the DNA is solubilized into solution.
To remove the various protecting groups in the vicinity of the aromatic rings of the nitrogenous
bases, the crude synthesized oligonucleotide is further treated with ammonium hydroxide,
an acid being avoided in order to save the acid liable tritly group on the 5' end of the DNA.
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HPLC purification of the DNA oligonucleotides.

At 28% [ACN] a large peak was observed of ~6000mAU.
The solution is incubated at 55°C for 16 hours. After a 4x dilution with water, triethylamine is
added to 1%for retention of the 5’-trityl group, and then lyophilized. The DNA is solvated with
1-2 ml of Buffer A: 0.1M TEAA (0.1M Triethylamine, 0.1M acetic acid in H2O), pH ~ 7.5. The
DNA was purified on a PRP-1 column, with the concentration gradient of Acetonitrile changing from 0%-45% over a period of one hour at 2mL/min flow rate. The tritylated DNA was
eluted around 28% ACN. (Fig.3). The peak fractions are then pooled and lyophilized again. To
remove the trityl group from the 5' end, 2.5 mL of 80% acetic acid was added to the lyophilized
powder and the consequent native structure of DNA was purified again on the PRP-1 column.
Electrophoretic Mobility Shift Assay. To determine the formation of associated
Protein-DNA complexes, the most widely cited and establish method is the electrophoretic
mobility shift assay. It is used in a wide range of qualitative and quantitative analyses for the
characterization of interacting systems.21 The fundamental principal behind the assay is the
difference in electromotive force between a free oligonucleotide and a Protein-DNA complex,
due to both size and electrostatic charge, with the unbound DNA migrating farther than a
fully associated complex.
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A native 8% polyacrylamide gel (8mL volume) was prepared using stock solutions of
30% acrylamide and 2% bisacrylamide, 10x TBE (89 mM Tris base, 89 mM boric acid, 1 mM
EDTA, pH ~8.0), pH 7.6, and 30% ammonium persulfate. The protein was serially diluted
in two-fold dilutions with the first concentration being 1000ng and the last being 8ng. The
DNA duplex was kept at a constant 50ng concentration as per the requirements of the assay.
To create optimal binding conditions, the reactions occurred in 10 mM KH2PO4, 100 mM
NaCl, 0.1 mM EDTA, 5 mM MgCl2, 8 mM DTT, and 6% glycerol, at pH 7.0.18 The protein and
aptamer samples were allowed to incubate for a period of 30 minutes at room temperature,
and then were loaded on the gel with a total of 10% tracking DNA dye. The gel was run for
60 min at 100 Volts and until the tracking dye had traveled the approximately three fourths
of the gel. It was then stained with 10µL of Ethidum Bromide for 20 min and then destained
for another 10 min and finally analyzed under fluorescent conditions.

RESULTS
Measurement of Particulate Matter. To gauge the levels of pollution in Houston, four
approaches were used. The first was to physically measure the amount of particulate matter in
the ambient air. Filters were weighed before and after their exposure to determine amounts
of PM. This allows for an initial crude analysis of pollution levels based on the expectation
that higher counts of polluting particles lead to more adverse biological effects. The findings
indicate that the industrial complex clearly has a high amount of suspended particulate matter,
almost twice the amount of that for the non-industrial areas (Fig. 4). This offers evidence to
the increased health hazard of living in close proximity to an industrial complex.
The second method which was utilized for gauging the physical amount of pollution and
particulate matter was to determine the extractability of particulate matter from the filters.
The water-soluble extract from filter membranes obtained via sonication was examined in a
spectrophotometer in the UVC range (200nm). Surprisingly, the absorbance of the nonindustrial areas was higher than that of the industrial areas (p<0.05, Fig. 5). Although this may
seem contrary to Fig. 4 data, a higher absorbance in the UVC range likely indicates that the
industrial particulates adhere more strongly to surfaces, and may perhaps be finer. The results
may suggest a higher level of large organic extractible particulate matter, such as pollen and
spores, in non-industrial areas. Furthermore, because the industrial areas have lower levels
of ultraviolet absorbance, it is likely that there are more inorganic particulates and simple
organic molecules to account for the majority of the mass of the total particulates in that area.
Determining direct Reactive Oxygen Species generation in a cell-free system. The third
method of determining the potential harms of ambient air pollution was to test for the innate redox potential of the extractible PM in filters. One major player in the toxicity of PM
is the production of reactive oxygen species and the subsequent oxidative stress the cell
undergoes.22 To determine the production of reactive oxygen species, a redox-sensitive dye,
DCF, was added to the extracted material. Upon contact with reactive oxygen species, DCF
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areas. To the best of my knowledge, this study is the first to show that the industrial
area pollutants in the Houston area possess strong spontaneous and intracellular
ROS generating ability.
NF- κB is a key transcriptional protein involved in the cellular response to the oxidative stress produced by the ROS. The inflammatory response of NF- κB has been linked to
cell death, DNA damage, DNA mutation etc. Consequently, NF- κB is an attractive target for
therapeutic strategies to attenuate PM-oxidative stress-induced inflammation and cancer. However,
the currently available small molecule inhibitors of NF- κB can have substantial off-target
deleterious effects. Consequently there is great need for developing a highly specific inhibitor
of NF- κB before it can be used as a therapeutic agent. A highly specific approach to block
NF- κB is to engineer a DNA aptamer that will strongly bind to it. Through a combinatorial
method of screening these DNA aptamers, a sequence of enhanced affinity, low immunogenicity, and easily synthesized strands can be identified. In the present study, we synthesized
recombinant NF-κB p50, engineered a duplex DNA aptamer, and demonstrated that
this DNA duplex aptamer bound to the NF-κB protein in an electrophoretic mobility shift assay. The high affinity and specific binding of these aptamers to cellular protein
targets make them a very attractive therapeutic agent as direct NF- κB inhibitors.
DNA aptamers designed to block specific proteins are now in clinical trials for specific
diseases in humans, see clinicaltrials.gov. An early successful example of a clinically useful
DNA aptamer is Pegaptanib, an FDA approved DNA sequence that is used for treatment of
age-related macular degeneration in humans. Gragoudas and colleagues reported that as early
as six weeks after beginning therapy with pegaptanib, the mean visual acuity among patients
receiving active drug was better than in those receiving sham injections24. This aptamer is
an FDA approved DNA sequence used for treatment of age-related macular degeneration
in humans. Several other DNA aptamers are currently being tested in Phase I or II clinical
trials25Instituto de Quimica, Departamento de Bioquimica, Sao Paulo, SP, CEP 05508-900,
Brazil, and other are listed in http://clinicaltrials.gov/. However, to the best of our knowledge,
NF- κB DNA aptamers have not been tested in prevention of any human diseases, and there
are no specific treatments available for humans exposed to large doses of PM. Consequently,
the exciting results of this experiment are likely to open the gateway to targeted
therapeutic use of NF-κB DNA aptamer against the numerous PM-induced diseases.
To produce a clinically-effective aptamer-based treatment that is capable of inhibiting PM ROS-induced pro-inflammatory cytokine synthesis from the airway epithelium,
a number of future goals must be realized. First, in order to understand how efficient the
aptamer is binding, the EMSA must be optimized to favorable concentrations to quantify a
binding constant. Exact data on the binding equilibrium would enable an in-depth analysis
of the factors influencing binding affinity i.e. salt concentrations, pH, non-specific protein
concentration, etc. Next, to prevent the digestion of the aptamer by in vivo nucleases, one
might need to add a sulfur modification to the phosphate backbone. Studies have shown
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80

Volume 11

undergraduate research journal

that substituting sulfur for the non-bridging oxygen atoms in the phosphate moiety of DNA
can make an aptamer both structurally more resistant to nucleases and enhance its binding
affinity.26 Also, it may be possible to nebulize this optimized NF-κB binding thioaptamer
by direct aerosol delivery to the lung epithelial cells of individuals exposed to large doses of
inhaled PM. Thus, this powerful and novel therapeutic strategy could mitigate the harmful
effects of inhaled PM exposure on morbidity and mortality from respiratory diseases and
induction of heritable oxidative DNA damage.
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for future relationship well-being. To date however, no studies have examined the mechanisms underlying this effect.
The current study examines whether compartmentalizing
positive and negative partner information (e.g., “Jekyll and
Hyde”-ing a partner) may predict the use of more negative
conflict resolution tactics, resulting in lowered relationship
quality. A longitudinal study of newlywed couples (n = 84)
found that greater compartmentalization at the beginning of
the marriage predicted lower marital satisfaction two years
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later. Greater compartmentalization also predicted lower feelings of marital efficacy when
faced with marital conflict, as well as the use of more negative conflict resolution tactics
during an observed lab interaction task. However, these responses to conflict did not mediate the link between compartmentalization and future marital satisfaction. Though these
findings highlight the impact of compartmentalization on marital functioning and outcomes,
additional research is needed to examine the process by which compartmentalization may
contribute to relationship declines.

Compartmentalization and Poor Marital Outcomes:
Are Negative Conflict Resolution Tactics to Blame?
At the beginning of marriages, both partners typically report having positive perceptions
about their spouse and their relationship (Neff & Karney, 2005). Yet, despite these seemingly
positive beginnings, even the most satisfied couples are able to identify flaws and disappointments in the marriage. One barrier couples face in sustaining a satisfying relationship
is how to reconcile any negative perceptions they have about their partner with their overall
positive view of their relationship (Neff & Karney, 2003). In other words, how can spouses
acknowledge negative aspects of the relationship and still maintain their marital happiness?
To answer this question, recent research has focused on understanding whether how
spouses organize their perceptions about their partner may have important implications
for marital outcomes (Showers & Zeigler-Hill, 2004; Neff & Karney 2003; Graham & Clark,
2007). When dealing with positive and negative relationship perceptions, researchers have
identified two general organizational structures: integration and compartmentalization (Graham
& Clark, 2006; Showers & Kevlyn, 1999). Integration refers to an organizational structure
in which a partner’s strengths and weaknesses are tied together in memory. Compartmentalization, on the other hand, refers to a structure in which positive and negative thoughts
are segregated from one another (Graham & Clark, 2006). Prior research has shown that
organizing positive and negative information about a partner in a segregated fashion is associated with earlier relationship termination (Showers & Zeigler-Hill, 2004). Despite these
findings, most research on the organization of partner information is fairly recent. To date,
research is lacking in why those that store information in a segregated manner experience
negative relationship outcomes.
The goal of the current paper, then, was to extend prior work on partner compartmentalization by examining potential mechanisms underlying the link between compartmentalization
and relationship outcomes. To accomplish this goal, the first section of the paper will more
thoroughly review the new phenomenon referred to as Jekyll and Hyde –ing partner information also referred to as segregating partner information. The second section offers a potential
mechanism for why segregating partner information may lead to these poor outcomes. The
final section describes a study designed to investigate the associations between the organization of partner information, negative conflict resolution tactics, and marital satisfaction.
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Organization of Partner Thoughts
Growing research has examined the ways in which people cognitively organize partner
information, as well as the implications of these organizations for relationship outcomes.
As previously mentioned, intimates who maintain integrated structures tend to link their
spouse’s strengths and weaknesses together when thinking about their partner (Showers
& Kevlyn, 1999). Thus, if a partner engages in a negative act, that act is likely to bring to
mind the partner’s positive and negative qualities, due to their connections in memory. For
example, if a partner is a workaholic who consistently comes home late from work, a spouse
high in integrative thinking might tie the negative quality of “workaholic” to the more positive quality of “good provider.” In this way, spouses high in integrated thinking are able to
maintain an overall positive perception of their partner by tempering any of their partner’s
faults with their partner’s virtues. These spouses tend to have more stable, more realistic,
and less extreme perceptions of their partner when compared to those lower in integrated
thinking (Graham & Clark, 2006; Murray & Holmes, 1999).
On the opposite end of the spectrum, intimates who maintain segregated structures,
also known as the Jekyll and Hyde-ing of partner information (Graham & Clark, 2006), tend
to organize partner information into two distinct compartments: a positive compartment
and a negative compartment. As they segregate a partner’s positive and negative qualities,
those that compartmentalize their partner information view their partners as primarily positive or primarily negative at any given point in time (Graham & Clark, 2007). For instance,
returning to the previous example, if a spouse has a partner who consistently comes home
late from work, the spouse may judge the partner using the negative quality “workaholic.”
Once this negative quality is activated, the spouse would be flooded with further negative
thoughts about their partner, as the quality “workaholic” would be linked in memory only
to other negative thoughts (Graham & Clark, 2006; Graham & Clark, 2007). Alternatively,
when a positive quality is activated in this case, the spouse would be flooded with positive
thoughts about their partner. Consequently, Those who compartmentalize their partner tend
to view their partner as having more extremes and being less stable over time (Graham &
Clark, 2006; Graham & Clark, 2007).
Some research has shown that compartmentalizing partner information may be considered effective in the early stages of a relationship when intimates hold primarily positive
views of a partner (Showers & Kevlyn, 1999). However, as the relationship progresses, and
intimates begin to recognize their partner’s faults and weaknesses, an integrative organization is more adaptive. Namely, an integrative organization allows individuals to buffer any
negative thoughts about the partner by linking them with positive aspects. On the contrary,
individuals high in segregated organization may experience prolonged periods of time when
only the good or bad characteristics of the partner are salient to them. Research has shown
individuals in long-term relationships who compartmentalize their partner’s information
reportedly have lower relationship quality than those who integrate their partner informaNadia Velasquez
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tion (Showers & Kevlyn, 1999).
Prior work suggests that the manner in which intimates organize information about a
partner in memory has important implications for relationship well-being. Yet, this prior
work has three notable limitations. First, previous research has focused exclusively on university students in dating and cohabitating relationships. It is unknown if these finding can
be generalized to individuals in marital relationships (Campbell, Butzer, & Wong, 2008).
Second, most research in this area is cross-sectional in nature; only one study has looked at
dating relationships in a one-year longitudinal study (Showers & Zeigler-Hill, 2004). The third
limitation of the existing literature is a lack of research regarding the mechanisms through
which compartmentalization can result in poor relationship outcomes.
To address these first two limitations, the current study relied on a sample of newlywed
couples to examine whether the organization of partner information at the beginning of the
marriage predicts marital quality two years later. It was predicted that those who Jekyll and
Hyde their partner would have a higher likelihood of experiencing future dissatisfaction with
their marriage. Thus, the second goal of the study was to examine whether compartmentalization may influence spouses’ responses to marital conflict, and in turn predict future marital
satisfaction. Specifically, it was predicted that compartmentalization may be associated
with lower feelings of marital efficacy and more negative communication behaviors when
interacting with a partner.

Responses to Marital Conflict as a Potential Mediator
In this paper I propose that a spouse’s organizational structure may influence two different responses to marital conflict: feelings of marital efficacy and conflict behavior. Marital
efficacy refers to the belief individuals have about their ability to resolve marital conflict
(Doherty, 1981). In other words, individuals high in marital efficacy tend to believe they
have a lot of control over resolving their marital conflicts, while individuals low in efficacy
feel rather helpless in the face of conflict (Fincham, Harold, & Gano-Phillips, 2000). The
current paper suggests that “flooding” occurs when one has a compartmentalized view of a
partner and that may affect efficacy beliefs. As previously mentioned, when individuals have
compartmentalized views about their partner, they view their partner completely positively
or negatively depending on the situation. This preponderance of accessible negative information is likely to create a helpless feeling of having no control over marital conflicts, which
in turn can lead to poor quality and less satisfying relationships in the long run (Egeci &
Gencoz, 2006). In contrast, individuals high in integrated thinkers may be less susceptible
to experiencing feelings of helplessness.
In addition to influencing individuals’ beliefs of efficacy, the manner in which spouses
organize partner information may also influence the way in which they communicate with a
partner when discussing a marital conflict. For compartmentalized thinkers, marital conflict is
likely to trigger a host of negative thoughts about the partner, which are likely to undermine
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efforts to engage in adaptive problem-solving behaviors. Namely, prior work indicates that
adaptive responses to marital conflict are quite effortful to enact as spouses must suppress
their own self-interests in favor of the interests of the couple (Rusbult, Yovetich, & Verette,
1996). In other words, adaptive conflict behavior requires a great deal of motivation. When
negative information is salient to compartmentalized thinkers, this may interfere with the
motivation to spend effort in resolving their problems. As a result, these spouses may engage
in poor communication behaviors, which have been shown to interfere with the couples’ ability to surmount their conflicts and ultimately are linked to unstable relationships (Berndt &
Keefe, 1992; Bradbury, Cohan, & Karney, 1998). Integrated thinkers, on the other hand, should
be less vulnerable to this lack of motivation. Thus, these individuals are likely to engage in
more adaptive conflict resolution behavior, and as a result are able to maintain their marital
happiness as their marriage progresses.

Overview of the Current Study
To address these ideas, data was obtained from newlywed couples who were participating in a broader study of marital development. This study assessed spouses’ organization of
partner information, feelings of marital efficacy, observed conflict resolution behaviors, and
their overall marital satisfaction over a two-year period. A longitudinal analysis was necessary
in order to examine patterns of changes in marital satisfaction. As newlyweds experience
dramatic changes throughout the beginning stages of their marriages, they are a desirable
population in which to study relationship change (Lavner & Bradbury, 2010). Finally, using
only newlyweds provides a homogenous sample, and ensures that results are not due to uncontrolled factors such as marital duration (Karney & Bradbury, 1995).
I address two specific questions in this study. First, do individuals who engage in compartmentalized thinking have worse marital outcomes compared to individuals who integrate
information about their partner? Previous literature has suggested that compartmentalizing partner information is not beneficial for long-term relationships (Campbell, Bouldry,
Simpson, & Rubin, 2010; Showers & Kevlyn, 1999). However, no research has investigated
these findings in the early years of marriage. This study will replicate and strengthen previous results by investigating the longitudinal implications of segregating and integrating
partner information in newlywed couples. Based on the findings from previous literature,
it was predicted that individuals who scored high in integrative organization would have
higher martial satisfaction two years later when compared to individuals who scored low
in integrative thinking.
Secondly, do poor responses to conflict mediate this effect? I hypothesize that when
compartmentalized thinkers are flooded with negative information they will be more likely
to exhibit poor responses to relationship conflict. Specifically, those high in compartmentalized thinking will believe they have little control over their relationship conflicts and will be
more likely to engage in poor communication behaviors when discussing a conflict with their
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partner. The use of these negative conflict resolution tactics will in turn predict decreases in
marital satisfaction during the first two years of marriage.

Method
Participants
The current study relies on a sample of newlywed couples participating in a broader
study of marriage (Austin Marriage Project). Couples were recruited using several methods.
First, advertisements were placed in community newspapers and with local wedding vendors
(e.g., bridal shops, floral shops, etc.). Second, advertisements were placed on websites such as
theknot.com and the social networking site Facebook. Third, premarital counselors were given
fliers about the study to relay to potential participants. Couples responding to all methods
of solicitation were screened in a telephone interview to determine whether they met the
following eligibility requirements: (a) this was the first marriage for each partner, (b) the
couple had been married less than six months, and (c) neither spouse had any children. The
final sample consisted of 84 couples.
On average, husbands were 27.5 (SD = 4.6) years old and had received 16.1 (SD = 1.7) years
of education. Eighty-two percent were employed full-time and 9.5% were full-time students.
Eighty-three percent of husbands identified themselves as White, 13.1% as Hispanic/Latino,
and 3.6% as Asian American. Wives averaged 25.6 (SD = 3.7) years old and had received 16.3
(SD = 1.4) years of education. Sixty-four percent were employed full-time and 19% were fulltime students. Eighty-one percent of wives identified themselves as White, 9.4% as Hispanic/
Latino, 8.3% as Asian American, and 1.2% as other. About 50% of the sample was Christian.
The median combined income of couples was between $55,000 and $65,000.

Procedure
Within the first six months of their marriage, couples were mailed a packet of questionnaires that included measures of initial marital satisfaction, and integrative/compartmentalized thinking. Couples were instructed to complete all the questionnaires independently of
one another. The newlywed couples turned in their questionnaire at a lab session (Time 1).
In the lab session both husband and wife were instructed to pick a topic that was a source of
tension in an area that needed improvement in their marriage. This resulted in two separate
conflict discussions that were discussed for eight minutes each. Conflict discussions were
recorded and coded by independent observers. For completing the questionnaire packet
and the in-lab session couples were given $75. Six months after the lab session (Time 2), the
couples completed another questionnaire packet that included a marital efficacy measure.
Couples were paid $50 for completing this portion of the study. Finally, two years later (Time
4) couples were contacted again and asked to complete another questionnaire packet that
included a measure of marital satisfaction. Again, couples were paid $50 for completing this
follow-up packet.
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Materials
Marital Satisfaction. The 16-item Couples Satisfaction Index was used to assess marital
satisfaction at the beginning of the marriage and then again two years later (CSI; Funk &
Rogge, 2007). Items were rated on a 6- and 7-point Likert scales. Example items include
“How rewarding is your relationship with your partner?” and “In general, how often do you
think that things between you and your partner are going well?” The last 6 questions asked
spouses about their feelings about their marriage on a 7-point scale between two opposing
adjectives (e.g., interesting-boring, enjoyable-miserable). Scores on this measure can range from
16 to 111, with higher scores indicating greater marital satisfaction. Internal consistency was
high for both husbands (alpha = .95) and wives (alpha = .90).
Integration of partner information. The Integration of Thought about Partners
Scale was used to assess the degree to which spouses integrate partner information (ITAPS;
Graham & Clark, 2006). Spouses were asked to indicate their agreement with five items on a
scale ranging from 0 (do not agree at all) to six (completely agree). Example items include “When
I’m mad at my partner, I can’t think of anything good about him/her” (reverse score) and
“Even when my partner does something to hurt me, it is easy to remind myself of his or her
positive attributes.” Scores on this measure can range from 0-30 with higher scores indicating
greater integration. Lower scores indicate less integrated thoughts (more compartmentalized). Internal consistency was high for both husbands (alpha = .72) and wives (alpha = .73).
Marital Efficacy. Spouses completed the Marital Efficacy Scale to assess the extent to
which spouses felt in control over the conflicts they have with their partner (Fincham, Harold,
& Gano-Phillips, 2000). Partners were asked to indicate how much they agree with seven
statements using a scale ranging from 1 (strongly disagree) to 5 (strongly agree). Example items
include “I often feel helpless in dealing with the problems that come up in my marriage” and
“I have little control over the conflicts that occur between my partner and I.” Scores on this
measure can range from 7-30 with higher scores indicating feeling less control over problems
and lower scores indicating feelings of more control. Spouses completed this measure at the
second time point of the study. Internal consistency was high for both husbands (alpha = .78
) and wives (alpha = .78).
Observed Conflict Behavior. To assess spouses’ communications when discussing a
conflict with their partner, a modified version of the Verbal Tactics Coding Scheme was used
(Sillars, 1982). Using this scheme, the videotaped interactions were divided into two-minute
segments for coding. Then each two-minute segment was assessed for the degree to which all
of following codes were present: positive, negative, neutral, or off-task. All ratings were made
on a 5-point Likert scale, where 0 = not at all present and 4 = present all the time. Positive
codes were assigned to content that helps define the problem, works toward a solution, and/
or provides support or encouragement. Negative codes were given to content that blames,
rejects, or faults their spouse. Negative codes also include behaviors that indirectly criticize
the partner through mind reading, commanding their spouse to do something, avoiding
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responsibility, or hostile questioning. Neutral codes were assigned to content that was relevant
to the topic, but factual information. Lastly, off-task codes were given to behaviors that were
irrelevant to the topic being discussed.
Four research assistants were trained to code the videos using this schema. The research
assistants were trained extensively before they were able to code the videos independently.
In addition, 25% of the videos were double coded to test coding reliability. The interrater
reliability for husband codes was .76 for positive, .81 for negative, .72 neutral, and .83 off-task.
The interrater reliability for wife codes was .83 for positive, .76 for negative, .46 for neutral,
and .88 for off-task. To create an overall conflict communication score, first all of the five
two-minute segments were averaged to create overall positive, negative, neutral, , and off-task
scores for each spouse in each interaction. These scores were then averaged across the two
interactions. Finally, the difference between positive and negative scores was computed for
each spouse. Thus, each spouse received a single conflict communication score, with higher
scores indicating more positive communication behavior.

Results
Descriptive Statistics and Correlations
Table 1 presents descriptive statistics for key measures. Not surprisingly, these newlywed
couples generally reported being highly satisfied at the beginning of the marriage. Paired
sample t –tests indicated that marital satisfaction at year two was significantly lower than
initial satisfaction for husbands (t (74) = 2.94, p < .01, 95% CI [1.3, 6.77]) and for wives (t (73)
= 5.89, p < .001, 95% CI [3.86, 7.81]). These generally positive views gradually decreased by
the 2-year follow-up. Furthermore, both husbands’ and wives’ scores leaned towards having

Table 1

Means and Standard Deviations.
Husbands

Wives

M

SD

M

SD

Compartmentalization

20.71

5.57

19.77

5.62

Initial Satisfaction

98.63

11.18

102.20

6.18

Marital Efficacy

15.65

4.92

13.94

4.57

Observed Conflict Behavior

1.90

1.27

1.75

1.40

Marital Satisfaction
(2 year follow-up)

94.93

14.05

95.56

10.68

Note: Compartmentalization scores could range from 0 to 30. Marital Satisfaction scores
could range from 16 to 111. Marital efficacy scores could range from 7 to 30. Higher values
on all measures except marital efficacy indicate more positive appraisals and behaviors.
Nadia Velasquez

90

Volume 11

undergraduate research journal

more integrative thinking styles. In addition, couples tended to feel moderately in control
over their problems. To examine for possible gender differences on any of the variables of
interest, paired sample t-tests were conducted. Two differences emerged. Husbands reported
feeling less control over their problems than did wives (t (79) = 2.54, p = <.01, 95% CI[.37,
3.06]). Husbands also reported being less satisfied with their marriage than wives did at Time
1 (t (82) = -2.59, p = <.01, 95% CI[-5.58, -.74]).
Table 2 presents the correlations for variables of interest. For both husbands and wives
there was a significant positive correlation between integration of thoughts and marital
happiness. Higher levels of integrated thinking were associated with higher levels of marital
satisfaction at Time 1 and at the 2-year follow up. Furthermore, both spouses’ marital efficacy
was significantly negatively correlated with integrative thinking. Lastly, observed conflict
behavior was significantly positively correlated with integration, initial satisfaction, and later
satisfaction for wives, but not for husband. This means that conflict discussions with more
positive behaviors were associated with integrated thinking and higher marital satisfaction at
Time 1 and Time 4 for wives. However, these bivariate correlations do not address whether
feelings of efficacy may mediate the link between integration and future satisfaction. To examine the hypotheses of the current study, the following sections present results of analyses
investigating these associations directly.

Table 2

Within-spouse and Between-spouse Correlations
1

2

3

4

5

Integration

.32**

.62**

-50**

.10

.61**

Initial Marital Satisfaction

.43**

.21

-.53**

.09

.57**

Marital Efficacy

-.41**

-.32**

.22*

-.09

.49**

Observed Conflict Behavior

.22**

.24**

-.17

.61**

.02

Marital Satisfaction
(2-year follow up)

.48**

.49**

-.26*

.26**

.61**

Note: Husbands’ correlations are above the diagonal and wives’ correlations are below. The
diagonal (in bold) contains between-spouse correlations. *p<.05, **p<.01

Does Compartmentalization Predict Changes
in Satisfaction Over Time?
The first goal of the current study was to replicate and extend prior research
on the organization of partner information by examining the long-term effects of
compartmentalization on marital quality. It was predicted that spouses exhibiting high
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levels of compartmentalized thinking would report lower levels of marital satisfaction at
the two-year follow-up, controlling for initial levels of satisfaction. To test this hypothesis,
a linear regression was conducted in which initial satisfaction and compartmentalization,
both reported when the couple was first married, were entered to predict spouses’ marital
satisfaction two years into the marriage. To account for the interdependence of couple data,
separate regressions were conducted for husbands and for wives.
As expected, initial satisfaction was significantly positively related to satisfaction reported
two years into the marriage (b = .41, SE = .15, beta = .32, t (72) = 2.81, p = .006 for husbands and
b = .57, SE = .17, beta = .37, t (71) = 3.30, p = .002 for wives). Controlling for initial satisfaction,
integration also emerged as a significant predictor (b = 1.04, SE = .29, beta = .41, t (72) = 3.59,
p = .001 for husbands and b = .49, SE = .19, beta = .28, t (71) =2.53, p < .014 for wives). Thus,
consistent with hypotheses, spouses who began the marriage with a more integrative style
reported fewer decreases in their marital satisfaction as the marriage progressed. Conversely,
spouses exhibiting a more compartmentalized style experienced greater decreases in satisfaction over time.

Do Feelings of Martial Efficacy Mediate the Link Between
Compartmentalization and Future Satisfaction?
The second goal was to examine whether marital efficacy, assessed six months after the
initial study assessment, may mediate the link between compartmentalization and future
satisfaction. To test this hypothesis, we followed the steps for testing mediation outlined by
Baron and Kenny (1986). First, we conducted linear regressions examining the association
between integration and marital efficacy. (b = 1.55, SE = .24, beta = .61, t (73) = 6.52, p = .001
for husbands and b = .49, SE = .19, beta = .28, t (71) =2.53, p < .014 for wives). As predicted,
greater compartmentalization was associated with higher levels of marital efficacy (e.g.,
greater helplessness) regarding marital conflicts. Next, we examined whether marital efficacy predicted future satisfaction. Consistent with prior work, efficacy was significantly
and positively predicted marital satisfaction at the 2-year follow up for husbands b = -1.43,
SE = .30, beta = -.49, t (70) = - 4.73, p = .001 and for wives b = -1.06, SE = .25, beta = -.45, t (70)
= -4.17, p = .001.
To test the full meditational model, initial marital satisfaction, initial
compartmentalization and marital efficacy were entered into a regression model predicting
future satisfaction. If efficacy remains a significant predictor of future satisfaction while
the effect of compartmentalization becomes non-significant, this provides evidence for
the mediating role of efficacy. Table 3 presents the regression analyses for the variables of
interest. The results indicate that marital efficacy is not a significant predictor of future
satisfaction, and thus, does not play a mediating role in the link between integration and
martial satisfaction.
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Marital Efficacy, Integration of Partner Information, and Initial
Satisfaction as Predictors of Future Marital Satisfaction

				
Variable
B
SE
t

. 95% CI .
Standardized ß
LL
UL

Husbands (df = 68)
Marital efficacy

-.69

.29

-2.37

-.24

1.28

-.11

Integration of partner information

99

.28

3.53

.39

.43

1.56

Initial marital satisfaction

.29

.15

1.89

.22

-.02

.60

Marital efficacy

-.40

.25

-1.63

-.18

-.88

.09

Integration of partner information

.39

.21

1.86

.22

-.03

.81

Initial marital satisfaction

.55

.18

3.12

.35

.20

.90

Wives (df = 67)

Does Observed Conflict Behavior Mediate the Link Between
Compartmentalization and Future Satisfaction?
The final goal was to examine whether observed conflict behavior may mediate the effects
of compartmentalization on marital quality. Once again we followed the steps outlined by
Baron and Kenny (1986) in order to test the mediation. First, we conducted linear regressions
examining the association between compartmentalization and observed conflict behavior.
(b = .02, SE = .03, beta = .10, t (82) = .92, p = .36 for husbands and b = .06, SE = .03, beta = .22,
t (82) =2.08, p = .041 for wives). Partially consistent with hypotheses, wives who engaged in
more compartmentalized thinking about a partner were rated by independent observers as
exhibiting more negative conflict resolution behavior during the interaction task. As this association was not significant for husbands, further mediation analyses were not conducted for
husbands. Next, we examined whether observed conflict behavior predicted future satisfaction
in wives. Observed conflict behavior was a significant predictor of marital satisfaction at the
2 year follow up for wives b = 1.96, SE = .84, beta = .26, t (73) = 2.33, p = .023, such that wives
exhibiting more positive behavior reported greater satisfaction two years into the marriage.
In order to test the full meditational model, initial marital satisfaction, initial compartmentalization and observed conflict behavior were entered into a regression model predicting
future satisfaction. If observed conflict behavior remains a significant predictor of future
satisfaction while the effect of integration becomes non-significant, this provides evidence
for the mediating role of observed conflict behavior. Table 4 presents the regression analyses
for the variables of interest. Once again, the mediator is not a significant predictor of future
marital satisfaction. Thus, the results indicate that observed conflict behavior does not play
a mediating role between integration and future marital satisfaction.
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Observed Conflict Behavior, Integration of Partner Information,
and Initial Satisfaction as Predictors of Future Marital Satisfaction

				
Variable

.

95% CI .

B

SE

t

Standardized ß

LL

UL

Observed conflict behavior

.25

1.01

.25

.02

-1.77 2.27

Integration of partner information

1.05

.29

3.58

.41

.46

1.63

Initial marital satisfaction

.41

.15

2.78

.32

.12

.70

Observed conflict behavior

.78

.69

1.13

.12

-.56

2.15

Integration of partner information

.45

.20

2.30

.26

.06

.85

Initial marital satisfaction

.54

.17

3.12

.35

.20

Husbands (df = 71)

Wives (df = 70)

Discussion
It has been established that compartmentalized thinking is particularly deleterious for
relationship satisfaction (Showers & Zeigler-Hill, 2004). Yet, most work linking compartmentalization to relationship outcomes has relied on cross-sectional assessments of dating
couples. Furthermore, little is known about the mechanisms that contribute to this effect.
Thus, the current study extended prior work by examining whether spouses who begin the
marriage exhibiting compartmentalized thinking would report lower levels of marital satisfaction 2 years later. In addition, we examined whether feelings of marital efficacy and observed
conflict communication behaviors may mediate this effect. Specifically, prior research suggests
that when spouses who exhibit compartmentalized thinking are confronted with marital
conflict, they will be flooded with a host of negative thoughts about the partner (Graham &
Clark, 2006). We predicted that this negative flooding would not only lead spouses to feel
more helpless in their ability to overcome conflicts, but also result in spouses enacting more
negative behaviors when trying to resolve a conflict with their partner. In the long run, these
beliefs and behaviors should lead to unsatisfying marital relationships.
Consistent with prior work on the Jekyll and Hyde-ing of partner information, results
revealed that spouses who reported higher levels of compartmentalized thinking at the
beginning of their marriage were less satisfied with their marriage two years later. This
finding was significant for both husbands and wives, even when controlling for initial
marital satisfaction. Supporting our hypotheses, compartmentalized thinking was also a
significant predictor of marital efficacy for both husbands and wives. As expected, spouses
exhibiting greater compartmentalized thinking at the beginning of the marriage reported
greater feelings of helplessness when faced with marital conflict six months later. Finally,
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compartmentalized thinking predicted observed conflict resolution behavior for wives, but
not for husbands. Namely, wives exhibiting greater compartmentalized thinking were rated
by our independent observers as engaging in more negative behaviors during the conflict
resolution task. These findings offer additional perspective on prior research by suggesting
that compartmentalized thinking may play an important role not only for marital satisfaction, but also for marital beliefs and conflict behaviors. However, further analyses failed
to confirm that marital efficacy and observed conflict behavior were mediators of the link
between compartmentalized thinking and future satisfaction. Further research, perhaps
utilizing larger samples and examining couples over a longer duration of time, is needed
to clarify potential mediation links.

Strengths and Limitations
The current study contained a number of strengths in the methodology and design that
enhance our confidence in the results. First, in contrast to previous research, this study relied
on data collected over a 2-year period. Thus, this study provides the most compelling evidence
to date that the organization of intimates’ thoughts about a partner may have long-term
implications for relationship well-being. Second, the current study relied on both self-report
and observational data to test hypotheses. Examining self-reports of compartmentalization
and observations of conflict communication behavior ensures that any association found
between these two variables is not biased or inflated by shared method variance.
Despite the strengths of the current study, several limitations must be taken into account. First, neither marital efficacy nor observed conflict behaviors proved to be significant
mediators of decreased satisfaction in compartmentalized thinkers. One explanation for the
insignificant results may be the crude assessment of change over time. To assess change in the
current study, we relied on two assessments of marital satisfaction. Future research may want
to examine change in satisfaction using more data points and a more sophisticated approach,
such as computing the trajectory of satisfaction over time. A second potential limitation of
the study is the finding that compartmentalized thinking predicted negative conflict behavior
for wives but not husbands. As the link between compartmentalized thinking and conflict
behavior has never before been evaluated, further research is needed to determine if there
are gender differences in this domain and why such differences occur.

Conclusions
The manner in which a spouse views their partner plays an important role in a variety
of marital aspects. The current study offers empirical evidence that compartmentalized
thinking in newlyweds can predict future marital satisfaction, marital efficacy, and observed
conflict behaviors. Although the study provides evidence of how compartmentalized thinking can be especially deleterious for relationships, additional studies are needed to examine
meditational models.
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