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Introduction The Grand Challenges Paper to Digital: Replacing A Paper Exercise with a Digital Simulation

“This project seeks to prepare better future citizens, scientists

and policy makers to deal with sustainability and grand chal- ‘The German mathematician David Hilbert published a list  Although a precise, universal definiion i lacking, grand chal-

Petroleum: Qil, Wealth & Conflict in Nigeria

lenges, ie. sustainability and the grand challenges of energy, of 23 unsolved mathematical problems in 1901 (Hibert,  lenges share Some common characteristics including:
‘water, environmental change, land use modification and re- 1901) and challenged the mathematics community to 1) social relevance;
source utiization and depletion, effectively and equitaby, by im- solve them. Over a century later, Hilbert's lst has 2) significant economic impact;

proving their understanding of scientific uncertainty and s role become the inspiration for the grand challenges, i.e. calls 3) solvabllity; o q
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to incorporate scientific uncertainty in proven case studies fo- > variety of disciplines. In a report on environmental sci- 5) required investment of significant resources.

cused on sustainability and various grand challenges. Using
simulations also allows these cases to be adopted in classes
with variable enrollments, limited classroom instructor support
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ences, the NRC (2001) defined grand challenges as
“major scientific tasks that are compeling for both intel-
ol s el toasone el oo paencl Icn

Many o the grand challenge lsts cte eneray, water, environ-
mental change, land use modification and resource utiization
and depletion s partcularly pressing issues facing humanity.

paper version: student packet

and a varety of subject areas. The cgial educatonal oblects major breakthroughs on the basis of recent deve To deal with these issues effectively and equitably, our nation, Formodsl 1, cach studet groups v four o
created and the computer guidelines and ments in science and technology, and that are ieas\ble s well as the entire global community, will need a citizenry E:ffgne‘lau s»;:;t"j ;: ;;;s and an exploration = @ @
provide the conceptual and functional wamwmvks u(hels can . given curtent capabilies, and a serious infusion of re- that s highly scientifically lterate and capable of viewing they must design and conduct an exploratory oil and - * T

use to build their own simulations thereby expanding the case
study catalog and discipline coverage.
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certainty, i e. a combination of complexiy, heterogeneity, randomness and lack of
dge.
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Resolution of any grand challenge requires integration of
science, technology and society. Thus, multiple perspec-
tives, e.g. scientifc, political, economic, etc., must be recon-
ciled to define the public policies. Each perspective is asso-
ciated with an independent degree of uncertainty. Of these.
arguably the one that has been the most problematic in
ety delais s scenifc uncerzy. Becae mery
people view scientfic knowledge as set, unchanging and

(knowledge), we propose an operational, pedagogical defi- 7 & g

absolite, hy ave confounded when faced with dsagree- nition of sclentific uncertainty as follows: ogistc: onceptual

ment among scientists. Not surprisingly, scientific uncer-  spatial & temporal limitations on delivery « limited to overly simpiified representations of
tainty has played an important and often negative role in « instructor time sink during class. naturaliuman system:

many recent environmental debates. Clearly, D address the
grand challenges, the general public as well a

A ekers' understanding of scentiic uncertaifty most be dra- e o iy o anare s i, L s o e e
tcalh e ces, instructor goals or educational levels severely constrained . . .
(RTINS « inflexibilty limits development tme & money  + student exploration is constrained, not open - 11 Calculatmg the Potential Value of a Hydrocarbon Reservoir
impact confines inquiry .

Case Studies

Case studies (or cases) are real o simulated stories or situa-
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problem or dilemma. Based on the story, students must devise
of

100lbox
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+ Computerize a gold prospecting and assessment case stud

+ Use computer simulations for student exploration of scientific Iy

« Produce learning materials to support instructor adoption and use
individual educational objects and compurer simulations

Scientific uncertainty is dificult to define precisely and with
universal acceptance. Although definitions and taxonomies
abound in the lterature (Ascher, 2004), few provide the type
of operational definition that is useful for crafting pedagogi-
cal approaches for bringing the concept of scientific uncer-
tainty effectively into the classroom. Because the scientific
uncertainty of a system is often related to its complexity,
heterogeneity, randomness and how much is known about it

2 soluioe) t the problem and Keniythe
their solution(s). In this manner, cases build student confidence
in dealing with the il-formed and difficult problems of ife as
well as develop criical thinking and problem-solving skills.
Case studies are the centerpiece of the learner's laboratory
experience in Myers’ classes where they have replaced tradi-
tional paper and pencil exercises (Myers and Massey, 2006,
2008). Unlike most case studies (Herreid, 1994; 1997a; 1998),
these cases place students in a variety of professional roles in
organizations dealing with resource issues; e.g. an interna-
tional oil company, an environmental group, a multinational
mining company, a government bureaucracy, an environmental
NGO, or a miner's labor union.

« extensive instructor/student interaction limits + cannot capture natural heterogeneity or

deployment to small enrollment classes

Programming

The conceptual framework for the ‘The functional framework for our simulations will

simulations is based on our functional  bring together separate programming, modeling and

definition of scientific uncertainty. Itillus-  customization threads.
trates the four dimensions of scientific
uncertainty as well as the conceptual
models we will use to express them in
the computer code.

« denote cap and reservoir rocks
+ mark GOC, GWC and OWC posiions
+locate exploratory wells

paper version: instructor packet

paper version: student packet

For the second module in the Nigeria petroleu case
study,students perform an economic assessment of
o hyclrocarbon reservoirs they found in the fist
module. They first estimate the volume of hydro-
carbons in each reservoir and using market prices for

production equipment. It also requires determiing i
addtional production wells must be driled and
completed. By comparing the cost of their production
plan against the value of the hydrocarbons, they can
determine ifthe deposits are economically viable.

eatmate recovaable ytrocarbons

- determine value at current market price

+ develop ytrocarbon producton ln

+ calculate development c

ks deveioping i ecommendaion
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