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ABSTRACT .
O'he study of emergence (author@italics) in al itsformsis oneof themost important scientific
enterprises of our era, and will remain that way for the next century.O(Buchanan, Nexus 2002)

Genera educationis essential to significantly and effectively prepare students for collaborative
endeavors necessary to deal with emergent characteristics of complex problems. Oneexampleis
foodsafety in our current globd situaion. Despite current indugry effortsin control and/or
destruction of microbial cells and spores during produdion, theincrease in imports and demands
on aready strained ingpection resources (a plant isingected once every ten years, whereas the
number of importsfrom 19921997has doubkd), has opened the doorto enormouspublic health
problems waiting to emerge with catastrophic potentials. A critical reality of food produdion and
efforts to mitigate contaminationis tha in any Garm-to-tableOscenario multiple sources,
suppliers, and stepsaongthe process chan pos an unintentiond, or intentional, threat to the
safety of the produd. Imported food sources compounddemandsfor multiple ways of knowing
and accessing expertise (reconnassance, world news, sensor monitoring, etc.).

This presentation will articulate general education attributes necessary for a multidisciplinary
approach to tertiary education as a strategic readying arenafor creative thinkers able to meet and
foresee the chdlenges congruent with our current globd situation.

INTRODUCTION

Thelast twenty years or so have seen aturning pant in the study of culture away fromthe
producer (writer, scientit, city planne) andtheproduct (book discourse, city street) to the
consumer of knowledge(reader, chemist, pedestrian). While knowledgecreation remains
critically domain based, the demandsof a consumer culture can only be met when knowledge
congruction becomes largdy sodal. When knowedgeis embraced as asoda phenomenon,not
as a @hing Otwo important changes are worth noting. One: knowledgebecomes less discrete and
we see that chunksof knowledgeshare correspondances by way of increasingly Qporous
bordersOwithin complex globd situaions In other words, interdisciplinarity findsits ultimate
valuein approaching problems. And, two: human imaginaion is cultivated into Qiers of
produdionQor G&hunkas some knowedgeproduction communities have already identified,
motivating even the solitary researcher to work with corresponding undestandingsof the larger
picture. Accelerating theidea of knowledge @hurksOfor making knowledgeprodudive is not
new. With such a pespective, seriousglobd problems Bsuch as safe food produdionin aglobd
plant Bwill afford usthe oppatunity to rediscover the value of human ingght as discernment
ove domain-owned recognition, networked experts of all kinds andinformal debae and
dialogueas a powerful complement to expert undestanding. While these may seem like,
initially, very ordinary characteristics of any team intent on successful outcomes togeher these
are also general education attributes necessary for readying creative thinkersto tackle the



emergent characerigtics of conplex global problems. Yet, these are attributes that are not
naturally cultivated in the educational experiences of today

One: OMROUS BORDERSO

Thefollowing five scenariosdescribethe effort to secure safe food produdionin aglobd plant.
Knowedgechunk correspondences share inareasingly Qporousborders,Owith complex globd
situaionsbwith problems. They show how well intentioned domain-based knowledge
developed withoutthe assistance of a multidisciplinary community of experts can address
problems only from alimited perspective and create solutionstha do not solve theentire
problem.

1. In 1997 the Foodand Drug Administration (FDA) issued restrictionson animal feed to create
aQirewallOagaing the spread of Bovine Spongform Encephdopahy (BSE), known commonly
as Mad Cow Disease. The 1997rule prohibits thefeeding of ruminant (cattle, sheep, deer, goa)
material to othe ruminants, but allows thefeeding of ruminant material to pigsand chickens
and rendered pig and chicken material to ruminants. The same 1997rule also permits cattle
blood, poultry litter, and salvaged pet foodto befed to cattle and other ruminants. So, in fact, the
Girewall Othat the FDA has implemented to protect the American pulic from BSE isfull of
loophoks, and animal feed remainsaroute by which the disease could be spread in the United
States.

Since BSE is spread throughthe feeding of rendered animal byproduds back to livestodk, the
FDA designead the 1997regulationsto address therisk of spreading the disease by clearly
labding animal feed containing rendeed cow, shesp, deer and goa protein. Butin 2002 the
General Accouning Office released areport finding seriousflawsin the FDA& ingpection and
review of animal feed renderers, manufacturers, feed haulers and distributors (U.S. Geneal
Accouning Office, 2002) It issimply too easy to let rendaed feed fromasick animal dip
throughthe cracks and into thefeed supply. Even heavily regulated borders can be porouswhere
Gilent carriers,Osuch as pigs and chickensinfected with Transmissible Spongiform
Encephdopahy (TSE), threaten contamination of theanimal food produd (Center for Food
Safety, 20049). Indugry suggests the government should pay for adequae monitoring, while the
govanment clamsindudry should pay. At the moment, monies garnered for foodprotection are
used for band-aid solutionsthat are based on theidentification of discrete problems and limited
by the resources available to the FDA; thereal problemN which will demand collaboreative
efforts amongs govenment agendes, indugries, and consumers from a nunber of countiesN
will not beaddressed until we are faced with acrisslike tha faced by U. K. during the 1980s
and /90swhich infected 200000 cows and resulted in the precautionay killing of some 4.5
million more. The outbreak resulted in 150 human deaths and some export markets remain
closed to U. K. farmersto thisday (Tabot, 2004)

Both meat producers and govenment regulatory officials have appaently ridden-outthe recent
alarm assodated with the Mad Cow outbreak in the United States and goneback to busness as
usud with minor modifications such as no longe allowing dead (or downer) cows into thefood
system.



2. TheFDA cannotact aloneoninternaiond foodissues, and this contributes to thefirst
scenario. Other govanmental agendes play major rolesin food produdion in the United States,
indudingtheU. S. Depatments of Agriculture (USDA), State and Commerce, the
Environmental Protection Agency (EPA), and the Office of the U. S. Trade Representative,
amongothers. Further, all Federal activitiesinvaving Codex, an internaiond standads setting
organization based out of Rome, Italy, are managed within USDA® Food Safety and Ingpection
Service (FSIS). Complicating an already complex relationship between a nunmber of govenment
agendes are consumer demandsfor foodsproduced by other counties, induding developing
counties. Americansconaume beef from Audralia, X, andtheU. K. Beef from X isnotas
strictly monitored asitisin theU. K., and yet it wasthe U. K. tha has seen the greatest
inddence of BSE. 0Food has become a globd commodity,Osays Janice Oliver, deputy director
of FDAQ Center for Food Safety and Applied Nutrition (CFSAN). QWe Americanshave
changed our eating habits. Today, foodisinternaiond. It isfrom Central and South America or
Europeor the Asian counties or theislandsof theworldO
(http://www.gmpld.conVfoodmp.htm, 2004. But nather the FDA northe USDA can ingoect
every food package brougtt into the United States. LindaHorton, director of FDA® internaiond
agreements, notesin that same article, QVe dor® have the resources to examine all imported
produds or to ingoect mog overseas produdion facilities. We need to work with those who
export foodto the United States [to make sure it@ safe |eaving those counties].OAlthough
related, the example of BSE demondrates two separate horousborderOphenomenaplaguing our
food produdion system: areticence toward intranaiond agency collaboration, and internaiond
govenment and economc monitoring discrependes.

3. Another rorousborderOsituaionimpacting safe food produdion is disease spread between
animals and humans More than ahunded years ago, Rudoff Virchowfirst proposd theidea of
nemedicingObasing his condusonson work with zoonotc diseases and his observationsof
the ease with which etiologic agents could move from animals to humansand back agan
(Brown, 2000. Thiswas longbefore the notion of a Qylobd villageOwould call usto apply our
respective expertise to design vigilant systems covering a myriad of vulnerable fronts, not
mutudly exclusve of oneanother.

For several reasonswe are seeing an emergence of pleiotropic effectsbon animals, onthe
environment, and on the health of humans both directly, throughthetrander of zoonotc agents,
and aso indirectly, throughthe potential compromise of thefood supply (Brown, 2000). Some of
these reasonsindudethe overdl increase in globd human popuktion. Bodily ecosystems are
introduced with all ther microflora and potential pathogensto new areas and animals when new
paternsof animal and human movement increase. With domestic sprawl, habitat destruction and
fragmentation, we have seen the aggregaion of wild animals (particularly migrating species tha
can harbor disease) into smaller and isolated patches, increasing the contact rate within species
and exposng animals and humansto potentially new pahogens Avian Influenza epidemics such
astherecent one(H7N7) in the Netherlandsin 2008 caused 80 confirmed cases of human H7N7
influenza virusinfection. Symptoms indudeacute respiratory distress syndrome (ARDS). Since
we also know the mogt toxic biological threats to the human race are protein toxins produced by
bacteria derived from plants and animal protein toxinswhich target the human respiratory
system, it goes withoutsaying we can no longe ignore the emergence of possible zoonoic
agentsinto our environment.



Viruses pahogenic to humans might make excellent agents for bio-crimes or bio-terrorist
attacks, but they are poolly adapted for strategic deploymentN with the exception of smallpox
andanthrax\ because our environments are undable (Wilson, 2000. As members of an at-risk
globd community, we mug consder thisinformation from the perspective of identifying the
nature of vulnerable QrorousbordersOand creating Girewal1sOto protect againg the possible
trangmission of pathogensthroughthese barders. In thistype of scenario, where boundaies are
notfirm, an equdly pressingissueiswho will beresponsble for the cogs assodated with the
required monitoring?

4. Of great concern isthethreat to theworld@ econormic hesalth should thefood supply bea
target of bio-threat. Conflict between First World progperity and Third World povaty continues
to beavolatile issue It is projected tha by 2050,8 billion of theworld@ 9.5 billion people will
live in developing countries; they will face the consequent rising sodal and environmental
pressure with little infrastructure or direction (Wilson, 2000) This, alongwith other factors
contributing to thar resentment of economc imbdances, point to future wars conduded in a
sphae domnaed not by military actionsbut by the targeting of our bio-welfare or other major
infrastructures, resulting in crippling economnic consequences.

5. A related aspect of thiskind of QporousborderO(call this a problem emerging as aresult of
information access) is therelative ease of home manufacture, collection and ddivery of lethd
biological agents. TheWorld Directory of Collectionsof Cultures and Microorganisms, for
ingance, serves 453worldwiderepostoriesin 67 naions(ABSA/Eagleson, 2002) Fifty-four
repostories ship or sell anthrax; 18 ship or sell plague Etiologic agents can also be acquired
throughfield samples or clinical specimens commercia biologica supply houss, and university
or foreignlabs Anthrax, for example, existsin soil as a spore. Onehunded thousand whitetail
deer die from anthrax annudly in the United States. Cattle harboring anthrax appear healthy until
afew hours before death. Rabbits can be carriers of Frandsella tularends (Tularemia), ahighly
infectiousaerosol agent, and resistant to desiccation and extremes of temperature (atypically
reliable decontaminaion methodfor many food process designs). Biological toxinssuch as
Ricinuscommunis (Ricin) can beeasily condructed from a home recipe induding castor oil and
beans Meat, dirt, and wax are ssmple ingredients needed to create Botulinum The quantity of
BotulinumNerotoxins (Botulism) foundin theink of oneperiod(.) is enoughto kill 30 people.
Onepoundwill kill theentire human race.

Theability to harvest many agents lethd to humans (anthrax, tularemia, plaguég or incapacitating
(vira hemorrhagic fevers, or VEE) makesit virtudly impossible to eliminae bio-threats. And
congdering thelack of preparedness of thefoodindugry for bio-terrorist mitigation (as of
September 23,2003,over 70% of foodindudry professionds surveyed did not know aboutthe
FDA Bioterrorism Act or have donenothing to prepae), an enormouspublic health problemis
waiting to emergewith catastrophic potential. Given the unthinkable truth tha by infecting its
environment an entire popuktion can be putat risk or destroyed, containment issues targeting
any farm-to-table (start-to-finish) process suggest the necessity of afundamental shift in research
and education related to other disciplines and to other knowledgebases.




Two: OGHUNK SO

Human imagination cultivated into Qiers of production,Oor &hunksOas designaed in the
design and produdion systems characteristic of thecar or building indugries, are matured and
sophisticated systems that span many categories and counties. Unlike disciplinary
speciaizations significant yieldsfrom Ghunkresult from undestanding correspondercesin
themorphology of aesthetics, peformance engineering, material and labor resources, econony
and market. For example, peformance engineers intent on designing wha is unde thehoodof
thecar (from the engineto the carpet) mus correspondwith theindugria designasO
development of theexterior aesthetics only asthey intersect at afew critical points. Beyondtha,
the expertise and intention of theinterior and exterior @hunkCGieams of the car may bewiddy
disparate (Kieran, Timberlake, 2004)

In theingtance of safe foodprodudionin an internationd arena, @hunkGeams mus consder
the situaion from three correspondences. 1) therelationd knowledgebetween the macro and
micro food safety issues possible in order to determine sensor-suppoted daa sources within the
food produdion process (some within the produdion plant, some throughwireless tracking of
animals from farm-to-feedlot-to-plant-to-retail); 2) the development of bio-sensor technologies
tha are robug and redundant unde an array of conditions(loss of power, compromise of the
sensor); and 3) building upon(2), thedesign of an information fuson system capable of
managing these many heterogeneousdaa sourcesin real time. It isimportant to emphasize th,
indgpendently of the current information technology craze, useful information will come from
(3) only when (3) gets useful information from (2)N and we are far from having perfect sensors.

Thisinvolves a skills-set where, as William | saacs describes in Dialogue AndtheArt of
Thinking Together, Qhese thingscannotin the end be separated (I saacs, 1999) Like thecritical
correspondences between theinterior and the exterior designsof thecar, thefirst stepisto
determinethe GurchitectureOtha will enable the team to come to the point where they can
identify theforces at work in atrangparent and easily recognizable way. This kind of
GirchitectureOis a conceptudization of somethingthat can only bemodded or smulated, since
we cannotstagearea enactment of foodcompromise. For ingance, Hepatitis C infectionisthe
mog common reason for needing aliver tranglant. Finding a cure for Hepditis C is difficult
since human-cell activity in a Petri dish often does not modd what goes onin the human body.
Researchers conceptudly modding theliver seek to replicate its structure and mechanicsN and
by doing so to replicate itsfundions Externd forces applied to the modd subditute for the
impacts of toxins, drugs and stress. Conceptudizing theliver as a uniqueecosystem impacted by
other systems, subgances, and biorhythmsis a powerfully effective approach to designing drug
therapies and to undestanding how the liver GystemO(read &hunk respondsto the externd
forces. Thiskind of thinkingis also at the core of what it meansto create Gan architectureOfor
any complex problem (Lindbeg, 2003) Thisyields awareness of the macro and micro
influences and allows every disciplineto engage at a significant scale of influence. Intheend, we
learn the primitives of effective @hunkCGeams:_the rediscovery of human insght as discernment
ove domain-owned recognition; thevaluing of networked experts of all kinds andthe overdue
appreciation for informal debae and dialogueas a powerful complement to expert
undestanding. These are general eduction attributes necessary for readying creative thinkers to
tackle the emergent characteristics of complex globd problems.




Sensor Networked Sites
Sensor Technology of Material Flow in Food Production Line
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Local and Networked < Quality Control > Public Health Situation
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Fig. 1 Architecture of an Aggregated Knowledge Management System Using Sensors, Ontologies, and Inference Technologies.
This Farm-to-Table Architecture s critical to Qlefining a practice that will yield awarenessOfor a @hunk teamOapproach to food
safety problems.

OTherediscovery of human insight asdiscernment over domain-owned recognitionO:
Thisis possibly the most important skills-set to nurture within a @hunkGieam approach to
knowledgeprodudionin that results may chalengean individud researcher@ agendasince tiers
of influence (the aggregdion of creative solutiong ultimately direct produdion. For example, a
significant consgquence of managing the rorousbordersOof thefarm-to-table processis
econonic. Andin any mass produdion process, atiny mistake can result in econonically
devastating consequences. Therefore, critical to the design of a safe produdion system mug be
therealization of the mog cog effective approach. For indance, an enormouscog-saving
measure might befound in pat, by achieving arelatively smple system based on the creation of
an oppotunity to rework (throughhesat, oxidaion, etc.) a produd detected with potential
contamination; dispose (or quaantine) contaminated produds; or notify appropriate decision-
makers of a potential public health situaion. Likewise, severa stepsalongthe process chan will
ask different scales of influence from contributing disciplines (sensor technology,
trackingiracing of the produd, secure building envelope. Tiers of production are theresult.
Data sources for the GurchitectureOdescribed aboveindudethe programmable logic control
(PLC) and clean-in-place (CIP) monitoring of theentire plant floor; the human/machineinterface
(HMI) system monitoring the actud food production (induding archived historical processing
daa); intelligence/reconnassance search channds (World Health News, CDC, etc.); and pre-
harvest produd tracking fromfarm to feedlot to produdionfacility. Theefore, bulk storage, food
fabrication, loading and conveying, packaging and warehousng for distribution, can al be
sources of daa. Hazard Andysis Critical Control Points (HACCP) and Linelngpection
Management Systems (LIMS) monitoring and reporting systems provide critical datafor each
food produd fabricated. In addition, data from manufacturersQinternd training programs based
onthe FDA® Good Manufacturing Practices (GMP) provide information to safeguard the
environment and theworkers. Faced with inaeasingly complex environmental issues, daafrom
regulatory compliance permittingis aso a daa source regarding the handling of any discharged
or bi-produd material such asregular sample ouffals, in-plant waste stream surveys, and
spill/emissionsreports. Wastewater and storm water collection, trangoort, and treatment daa
sources can also beindudel. Additiondly, hazardousmaterial management and storage (above
and undegroundstoragetanks), indugrial hygiene, and waste minimization and pollution
prevention, all require critical information streams to assure a safe and healthy interface between



workers, the produd and the environment. The clean environment@ enve opeal so provides
information to secure thefood produdion environment from bio-threat inddents throughsensor
daamonitoring air intake and distribution, worker and produd movement, drop-offs and
ddiveries. These heterogeneousdata sources are a few of those consgdered when cultivating
Qiers of produdionOin food safety. Particular knowedgeof a foodfabrication process, the
corresponding sensors used, andthe goal for thefuson system, are primitives necessary in order
to design an appropriate knowledgechunk

O\aluing networked experts of all kindsO:
While goveanment officials consdering public health and food saf ety issues appear to want a
Star Trek OrricorderQ i.e. amagical wand that tells all, thereality is much different. Thereis no
magic all-useful sensor that cods nothing. Tiers of produdion can aso betiers of advocacy
convinadng research and regulatory agendes to fund critical missing parts. Thefoodchan, beng
premised on a bulk commodity, dictates tha, whatever sensors are used to ensure food sefety,
they berelatively inexpengve. Hence, relatively sengtive sensors, which are geneally codly,
may not be cod effective in thereal world. This needsto be addressed at multiple levelsin orde
to achieve success in the produdion plant. Furthermore, there is often an inditutiond bias
agang testing techniques. Thisis appaentin the American versus European means of testing for
Mad Cow. TheEuropean methodis notonly significantly faster, but also cheaper and more
accurate than the American modd. Sensors generally do not appear miraculoudy on the market
place, butrather require extensve research and development. Thegovenment can hdp ensure
future food safety efforts by making a critical evaluaion of the ultimate cog and practicality of a
sensor platform by funding parts of the devel opment of the evaluaion process. Whileiit is aways
difficult to predict the ultimate technology winne in any field, we make note tha the trendsof
govanment funding on new technologies is not always for the best. For example, premising the
word GensorOwith GhanoChas resulted in few breskthroughsin the sensor field. The
fundamental detection problems are still with us particularly in the context of robug and
redundantprodudion environnment conditionsandfood design protocols where sensor cod,
accuracy, potential for false readings(postive, negative), andsensor lifetimes are theissues that
commonly dictate use in actual practice. Produdive research needsto be doneto place useful
sensorsin place, with atransdudion signd that can bereadily conveted to a microprocessor
with compatible voltage, the modean era@ signd processing coin-of-the-realm, so that data
streams can bereliable and ubiquitousand then shared and interpreted quickly and accurately.
From there wha can bedonewith theinformationis unlimited. Obviousexamples for the
processing and handling of the andyzed and compensated data are automatic aerts, and World
Wide Web pogingsof theinformation so users across al borders can track and ensure food
qudity. Thegod is Situation awareness of thefood chainN farm-to-tableN ensuring food safety.

Onhformal debate and dialogue asa power ful complement to expert under standingO:

In theend, readying creative thinkers to tackle theemergent characteristics of complex globd
problems contributes solutionstha apply not only to the problem of food safety but also to the
development of situaion awareness technology tha enables real time vigilance for potentially
any start-to-finish scenario (water, communications, distribution trucking, trangoortation). The
collaborative research ingiring this pgoe presented the god of creating an information fuson
system capable of managing large daa bases and resolving the heterogendaty of the myriad of
data sources described in the situaion of globd food produdion by dynamically generating



common ntologiesOP domein-specific semantic structures Drendaing a meaningful
representation of theworld of thesituaion (Wang, et.al, 2003,Matheus et.al, 2003 Kokar,
Wang, 2002) Using the JDL Data Fuson Modd (terminology of daafusion standadized by the
Joint Directors of Laboratories), information fuson can be designad to sufficiently represent and
capture information abouta situaionin rea time (Matheus et. a, 2003) Granted, thisisa
condusonto thestuaion tha favors software engineering and computer science technology
over Architecture as atraditiond discipline and onetha lumpsfoodsafety into the same
categoly as any start-to-finish scenario needing red time monitoring and awareness. But all
disciplines are informed and ben€fit enarmoudy fromtheinitia yield. Architects contribute as
designa's of QurchitecturesOfor collaborative integration systemsEin and of itself a breakthrough
for theprofessiond services traditiondly offered by an architect. Linking daafromthe outside
of the produdion plant to theindde (recall theinterior/exterior car @hunkteamsQ, throughan
inference engine (a best condusonCsmart search), utilizes theinformation from reconnassance
intelligence, public hedlth news, and thetracking of animals from thar pre-harvest environment
of farm-to-feedlot. Thisjoinsthedata of theinterior produdion plant, where highly developed
sensor monitoring designead for every foodfabricated, can only be enhanced by robug and
redundant bio-sensor development onthe produdion floor. Undeastanding how these kindsof
networked situaionswork, as much as anything, is asimportant to our naiond security as smart
bombsand stealth bombers, and worthy of consderable govenment attention today, not after
the next outbreak of food poisoning. Altogdher, therelationd impact of research and design
idess called up by the QrarousbordersOsituaions requires dial ogic reasoning across disciplines
and knowledgebases, and collaborative thinkers capable of discerning scales of influence a
research endeavor or idea can have in any given dilemma

SUMMARY

The problems emerging as aresult of internaiond situaionsof popuktion, resource
management, technology, knowledgeprodudion, conflict, economic integration, and
goveanance, will inevitably impact research and education for thefuture. The serioussituaion of
internaiond foodprodudion, alongwith plant and animal disease threats to thefood supply
presented here, is oneexample. When we approach the @hunkCof nutrition asintrinsically
linked to the other Ghunkof world peace and globd properity, we will begin to appreciate
the potential of approaching world food safety issues from the perspective of porousborders.O
Genera education attributes are necessary for readying creative thinkers to tackle these complex
globd problems. Thereistherediscovery of human ingght as discernment over domain-owned
recogntion, thevauing of neworked experts of al kinds and the overdueappreciation for
informal debae and dialogueas a powerful complement to expert undestanding. Mark
Buchanan in Nexusargues that the very aim of the science of complexity isto discover paterns
in complex networks of all kinds andto learn how we might use this unde'standing to better our
selves and our world. Central to thistask isthenoton of emergence, theidea tha meaningful
order can emergeall onits own in complex systems made of many interacting parts. The study of
emergencein al itsformsis oneof the mog important scientific enterprises of our era and will
remain tha way for the next century. As oneeminent physcist putsit, Qhe central task of
theoretical physcsin ourtimeisnolonge to write down the ultimate equaionsbutrather to
catalogueand undestand emergent behavior in its many guises, induding potentialy, lifeitselfO
(Buchanan, 2002)
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