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ABSTRACT

BROWNFIELD ACTION: AN EDUCATION THROUGH
AN ENVIRONMENTAL SCIENCE SIMULATION
EXPERIENCE FOR UNDERGRADUATES

Ryan D. Kaelsay

Brownfiald Action is & computar simulation experence used by undergraduates in an
Infraduciion to Environmental Science course for non-sciance majors at Bamarg College. Students
play the rols of environmaental consultants given the semestar-iong task of investigating a potentiaily
contaminated landsite in a simulated town. Tha simulation sarves a3 the intagration mechanism for
the sntire course. Tha project is a collaboration between Professor Bower and the Columbia
Univensity Center for New Media Teaching ang Leamning (CCNMTL).

This study chronicles tha discovery, design, development, implementation, anc evaiuation of
this project over its four-year history from prolotype to full-fledged semaster-long integrated leclure
and lab experience. The complete project history serves as a moded for the development of best
practicas in contributing 1o tha fiaid of aducational technology in higher sducation through the atudy of
fully designed and impiementad projects in real classtooms. Recommendations froen the project focus
on linking the laboralory and lecture portions of a courss, tha use of simulations (especially for novice
studenis), instfuctor adaptation to the use of technology, general educational technology project
daveiopment, and design research, among others. Findings from the study also emphasiza the
uniquaness of individual stugent's growth through the experience, and the depih of understanding
that can ba gainad from embracing the complaxity of studying sophisticated laaming environmants in

regl dpsirnoms.
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PREFACE

My axperience is a text...but it is ane that is being continually written. It is a taxt
int the making. This sndows it with an opannass over snd above even that of a
completed taxt or historical spoch. The latier are, in a senase, definite and
finished but apen to an indefinite number of appropriate interpretations or

ions. Experience, then, has the openneas of being incomplate as well
ax that of being open (0 Interpretation.

Simpson 1985 p188n20

This dissartation is @ series of intertwining texts. It is tha story of a fictional town with a
host of characters affectsd by a potentially contaminated land site known in environmental
science as a hyownlfimid. it is the story of an anvironmental sciencs instrucior cormmitted to
transforming his course wha comes 1o 3ee how technology and new madia can axtend and
snhance his teaching practicas and his students' leaming axpariances. |t is the story of hundreds
of students of anvironmantal scianca siruggling along with us, developing skills and
understandings and reparting on their expanencs. it ia the story of an ivy league university
comenitted (o pushing on the adge of innovation that puts its irust in & saras of individuais
committed 1o the purposaful use of technology in education. It is the story of a continually
axpanding group of educators and tachnologiats who push on the limits of technology and leam
through triai-by-fire how (o plan, design, davaiop, implement, and avaluate their work...and it is
the story of me as a student of the purposeful use of technalogy in education growing alongside
this gwojact for the (ast four yaars,



CHAPTER |
A Chaliengs Prasantsd, A Larger Goal Envinionsd

{ had an amazing chemistry teacher at my suburban Oregon high achool by the name of
Michael Tinnesand. He looked like a sierectypical science teacher, with wild Einkiwin hai, crazy
tias, and a stained jab coat. He taught me Advanced Chemistry as a sophomore and
Biochemistry as a senior. His biggest contribution to my aducation was to get me to figure out
what to do when | did nat wnow what to do next. It was his firm balief that scienlisis ware gréat at
thig skill and had to face up o the challenge of not knowing constantly. The way he did this was
1t asxign a tenm-long science axperinmant, which required aach studant to cary out the complals
scientific method on a topic of thair own choosing. My project demonstrated sizong avidence that
the indoor air quality of many areas of my high school was below OSHA standards dus 10 poor
vantilation. A handful of teachers fried unsuccesafully to use the repon to lobby the achool district
for changes to the ventilation system.

Jerome Bruner taiks aboul taaching science using the sama mathod tha field of science
utes 10 creals new knowledge (Bruner 1996). He was inapired by Robert Karplus, a curniculum
reformer from tha 1960% and 197058, who knew that “not knowing™ (p.115) was nat just a state of
the mind of a student of science but also of scientists themsatves. Producing science is 3 matter
of creating as elagant and simpie a story as one can to explain observable phenomena. In his
words, “The process of science making is narrative. It consists of spinning hypotheses about
hature, tasting them, coinacting the hypotheses, and getting one's head straght” (p.126). Most
major scieniihc discoveries can be characterized as namatives of great problem soiving. Good
science taachers set up siuations where siudents cin make science by conatructing namratives.

Unfortunately, typical university science coursas that are requined of all non-science
undergradustes are often a mishmash of disjoined topics presenied in large lechure hals with lab
aftar lab of recipe-following ingtructions that hore students, leaving them listeas, uninterested,
and praying for the end of the term.  Students often cannot relate to matariad, thay leam lithe, and
Q0 about thair lives saeing science as either bayond them or unimportant to their lives. Ax David



Parking points out, acianca (among other subjects} has avolvad a “rivisl pursuil” educational
philosophy, where accumulation of facts across a breadih of lapics has bacoma an accepiad
principla of a good education (Perkins 1992, p. 20).

For many yaars, Dr. Paler Bawer has resisted teaching “irivisl pursuit” anvirgnmaental
science st Bemar Collsge. As the instructor responsible for the science credit of approximately
120 studants sach yoar {all women) who alect to enroll in Introduction 1o Environmental Science
i1 lleu of introductory courses in biology, chemistry, or physics, Or. Bower has pursuad a method
of teaching that it somathing other than typical. His basic lenet it that your aducation is what is
inft over after you have been out of school for six months., Ha realized early on in Ris Weaching
that in order to make a long-term impact on studenis, one had to invest a (ot of energy concalving
and implamanting courses in order to make them tansformative experiences.

Dr. Bower's environmental science curficulum is founded on his conviction that
anvironmental science lssues are deeply connected fo human activity, and that to understand
anvirohmental sciance, ong must connect environmental issues to all aspects of social and
political Iife. He is not a typical “scientist™ who betioves in isolating variables, working in a
conirolied laboratory satting, or focuxing on discovening new principies of knowledge. He is
intereated in solving and uitimately preventing environmental problema through raising awareness
and fostering the comprahansiva education of his students. He talks to his adviswes about taking
full advantage of their college experienca in New York Clty, and iries to get them to undersiand
that eollege is not simply a collection of courses and grades. Among other jobs, he was 2 mayor
of a amall town in New Jaersay for a time, 30 he brings a world of exparnence to the classroom,

instinctively, Or. Bower bakeved siudents would gain a betier sensa of the real-world
connectedness of anvironmaental issues through 8 combination of lectures, readings, problam
sais, and what he hegitates to coil game piay. Dr. Bower and his lab ingtructors, Joe Liddicoat
and Diane Diltrick, usad a paper-based version of a “gama” known as the Groundwater Project
{GWP), which was played for six weeks in the lab portion of this introductory course. Students
teamed up and competad to determing the location of several contamination events that occumed
in @ fictional town. Students filled out forms and instruciors and teaching assistants looked up



data in an slaborate file system in order io report back to students. Studants had a cursory
budget that they had to deduct from sach round and worked for Bpproximately six weeks on the
project making maps and writing reports about theic findings.

ARer a few years of this paper-based method, Dr. Bower saw an opporunity to use
technology to axpand the GWP into something much mare complex. It was at this point that he
sought out Dr. Frank Moreiti at Teachars College’s Institute for Laaming Technologies. At this
ime, Dr. Moretti waa in the planning stages of cradting the Columbia Center for New Madia
Taaching and Leaming (CCNMTL). Dr. Morett! encoursgad Dr. Bower to apply for the Student
Tachnology Assistant Program (STA) funded through Columbia University's Virdual Reading
Room. (n addition, Bamard College agreed to provide additional support through a portion of a
NSF grant. Dr. Bower's STA application called for a student to halp develop what ha called a
databass of the contamination in the town, 30 he and his instrucion could reduce the paper trad
that slowed down stucents' progress and logistically kept him from making the GWP any mora
complax or challenging (sea Appandix A for a copy of the application).

Az 3 start-up venture of the univensity, the timing wass perfact to take a fladging ides such
as Dr. Bower's database and attempt something much more ambitious. That ambition avolved
into four years of a project that came 10 ba known as Brownifieid Action.

Rather than focusing on the databaas Dr. Bower proposed, we at CONMTL looked at
what he said he was doing in hix class and what his educational valuas might be based on his
padagogical choicas. In assence, ha had a paper-basad simulation of an area with saveral
proundwater contamination protiems. The fact that he was using this type of a strategy was
sirong avidence that he was commithed, at least in theory, 10 a discovery-orentad approach 1o
leaming. Sinca it was the apring tm and the course whens the GWP was used was taught in
tha fall, | did not nave the oppartunity to visit a class to see how the GWP was being implermeanted
for mysaif, but in talking mom with Dr. Bower about the possibilitins of multimedia tools, he ciaarly
communicatad & desiro to axpand this large protiem of a potantially contaminated land site into
somathing mors ail-encompaszng.



Dr. Bower wanted to siiminate the taxtbook from the course; it was exactly what you
wouid axpect in a taditional introductory environmental science textbook (Miller 2000). The book
takes a superficial and comparimantalized approach that was antagonistic to Dr. Bower’s goal of
integrating disparsis topics. Togethar we saw how a large problem of a land aite that had (o be
investigated could drive all aspects of the course and bacoma much more than 8 Sie-wek
exarciss, This lange-scale laaming activity would give siudents a reason 1o intamalize the lecture
matsrial throughout the samaster bacause thay wouid 1o have to apply the knowledge and skills
gained throughout the course to one comphx problem. Students would not ba able 1o leam a
topic, pass the axam on it, and then forget it instead, they would have to accumulate the
knowledge and skilis of the course over time and apply them when appropriate to their
investigation.

Dr. Bower and | wanted to construct a siuation whereby students had 1o create a
narrative to explain a series of phenomens simulsted in a virtual town. it would need o ba a
constructivist, discovery-oriented process with the students in charge of haw thay would procaed.
Over tha past faw yaars, thers have been fnumerable studies on the use of multimedia
lachnologies to foster constructivist learming or discovery-origniad approaches, many of which
<an ba found in Brant Wilson's compilation Constructivist Leamning Envirpnmeants: Case Studies
in Instructionaf Dasign (1996). While it is difficult to measure the conclusiveness or significance
of improvement by students who usa new media over more traditional media, it does seam caar
that new media interventions in classrooms are move affective when thay are used with more
student-centerad methods than with move traditional didactic approaches. Pater Honebain's
“Seven Goals for the Design of Conatructviat Leaming Environmeants® cutiines a set of
instructional design principles. He then evaluates two projecis based cn thoae principles (Witson).
John B. Black and Robert O. McClintack, similany, provide an "interpratation Consiruction
Approach 1o Constructivist Design,” a seven-point system that thay apply to three projacts
created under the Dalton Tachnology Plan {Wilson). John R, Severy and Thomas M. Duffy
borrow from Barrows' model for case-siudy teaching and learming in order to creale a sat of
pinciples for problem-based leacning (Wiksan). More apacific to simuistions, Margaret Gredler



axamings ona approach for the dasign and avaluation of simulations in Deaigning and Evalualing
Gamos and Sinmuiations: A Procass Approach (1993). Her work involves an Interwoven thras-
part design of role, task, and environmaent, which | will modify Iater in this study.

It ssgmad clear that we could ransform the GWP into a computer-basad simulation and
iz the banefits of computer technology 1o expand the papar-Dakad axpanencs in many more
aapacts than just heiping Dr. Bower and his lal instructors manage the logistics maone easily. We
could potentisily craate a much more authentic and transformative exparnencs for students than
Dr. Bower and his instructors could raasonably do on paper.

It is asseriag here that new media, especiaily simulations, can be a maans to better
achiaving John Dewey's principles of a good education. In his book Expanence and Education,
Dewey discusaes the imporiance of achools and teachers creating authentic experiences for
chiddran that would prepars them for life as democratic citizens, somathing that has been 5o
difficult to carry out at the same time education has attempted to provide equas opportunity for
averyona. Universities have struggied to braak free from the standard lecture-batad tranamission
theory of aducation, the one-to-many approach of an expert orally transmitting knowledge to
fuany navices, Even in labaratory sattings the (ogiatics of getting hundrads of students to
anmpmualabnxwimhmmmiiallbuttmpmibhtnmtaanymmgauﬂ'mﬁnfma
studant to do. The practicalities of equipment, space, time, and personnel heavily sway cumicular
chaices 1o standardized, known procadures that can be stepped through in sequence.

Fortunataly {(or unfortunately, depending on how yau look at things), lifa g not
standardized. It doos not coma with known proceduras for a fruitful axisience engaged in lifelong
lsarning. That can only come with training. Later in his book, Dewsy talks about instructors
nmdimtotnlmahnckmtmthnwksmhmdnm.lnpllvmnmliafguiduandwlatm
child's interest in the wock provide the drive for them to compiete the work and leam from the
AXpHTENCE. Dmymhﬂauudhdmmhmmwmwmudmtnannﬂmof
citizens who knew how to leam, which in his mind bailed down to how one transforms an

axparisnce into an aducition. it will ba argued hers that 8 simulation & ona mathod to this end.



Efactiva laaming activitiss with simulations have ssveral key components.

t

Simulation
(Contasce)

Figure 1. Schematic of an Educational Simulation.

Aa show in Figura 1, this type of leaming activity puts the studeant in a rot {often outsids
his or har araa of expartise) with an objective to accomplish (often a problem to solva), and a
place that provides tha anvironment and context to saive the problem.

The place one is put in simplifies what is real for an educational purposa through the use
of a simulator or model. A simulator represents a simplified version of the environmaent an can
be accomplishad thvough algovithms and/or datasets, generaily run through a senes of inputs that

can be modified to create different outputs.



Simple Simulator

Data Model
or
Algorithms

Inputs
{controtied By user) Qutputs

Figure 2. Simpie Simulalor Scharmatic.

Often the schamatic shown in Figura 2 is called 8 simulation, but | would defina these
typas of models using the term simuiafor. Simulators are parfectly reasonable teaching tools in
their own right, and can ba vary affective, aspecially when one wants to becoma an expert in lhe
system being modeted. One exampie is CCNMTL's Heart Simulator. which modeis the pressure-
volume dynamics of the |eft veniricia of the heart for medical students. Instructors in the fiald of
medicine at Columbia University beliave it is critical that first-year medical students understand
the simulator model as a precursar lo trying to perform cardiac diagnoses. Students leam the
modal through manigulating parameters such as the heart rate, the atrength of the myscie, and
the resistance in the arteries. In addition, researchers can use simulators such as the Heart
Simutator to make predictions and run axperimants that are not possidle due to the risks to
patients or voluntesrs (2ee Chapter Vii for mora).

When using a simuiation, on the other hand, the goal is often nat to taach the model, but
1 use tha madel to have studants gain problem solving skills and understandings by taking on a
role and a problem (Figure 1). In this casa, the simulator sarves the purpose of providing a
sesmingly authentic and constructird data source. This type of simulator is more of & biack box to
ba balieved in for the purposas of the activity than something to be experimented with. The role
and problsm serve as a method 10 engaga students in an exparience, which they can hopafully
transfer to their averyday experandce with the world. In Dewey's language, the role and the
problem serve a5 the toats to transfer the expenencs into an aducation.



qughadunmm“mpu.msmdmumgmnmﬁmmn simutator,
than it might be appropriate o raisa the axperience one jevel of abstraction through the usa of a
simulation, which might place the student in the role of smergency room doctor at the local
hospital whers thare ara a series of patisnts that require a quick diagnosis.

W summary, whan contant expertise around a dynamic systsm is the goal, providing a
simulator with minimal contaxt first is often the commanded strategy. This technique would be
followed by 8 simulation later on to alow students to apply their knowladgae of the modad or
systemn within a narrative context. When more generalizable skiils are the goal and o iz not
tryingtniralnnovmtnmwnaupeﬂxmmamoﬁalbeingnirnulamd.trunasmdaﬁnnuﬂma
seamingly authentic and constructed data source acting ax the simulator is the more logical
choice. Through the simulstion’s nasrative conlext, siudents will gain acCass o the activity and be
abis to focus on problem solving and related skills.

Bayond tha scopa of delinaating between simulators and simulations, writers such as
Fraderic Jameson and Jean Bavdrilard make the casa that we live in a world of simulation,
whamnnﬂywnwwngw-dnumodiamlumm1wummttaliﬂtmtwnmimmm
with is resl of simulated. Working with simulators and simulations, in this sense, is a regl-world
practical skil. Mariue Castells calls it the “culture of real wirtuslity™ (1896, p. 329-330).

Mora importanty, The point with a simulation or a simulater is that tha student musi
initiate the leaming — they must take on the burden of asking the questions, taking a coursa of
action, and avaluating what they discover in a continual cycle that madals what Dewey soes as
ihe actions of an educated person. The aimulator/simulation does not instruct or direct action in
any particular dirsction. It teaches indirectly, just as ona's everyday axparignce does, if you go
aboul your day not paying attention to what you experience, you leam nothing and will repeat
your mistakes and not rapaat your successes axcept for by chance. Simulators and simulations
are no different, and thus make for potentially pawerful tools for teaching and leaming.



Summary of Simytator/Simytation Benefits

Banafita of 3imulators

~active mathod for axplkring systems when tha user neads to bacome an expart in the system
baing modeiad

--aliows the usar to make pradictions and nin axperimeants

—can practica potentially dangerous methods/maneuvars in a safe enviconment prior to having to
axetuts them in raality

Banaiita of Simulations

—-active mathod for deveioping/practicing generalizable probiem solving skills

~Can explore problems by taking on roles that might not otherwise be accessibie to a student
group for sducation purposas, fosters divergent thinking, opportunity 1o see situations from new
perspactives

—modals purposeful laaming of lsaming in the context of a stinuctured expernance for sidents
wilth the hopa that they will lsam to approach problems thay encountsr in real life simitarly

Bengfits of Bath Simulators and Simuistions

—provides a practical knowledge application araa where students can apply thaoretical principles
or ganeral content knowiadge in a tangible way ark recaive immediate feadback

~fosters cause/etiect thinking 8s students interact with the model and observe how their actions
change the culput of the moded

~requires ihe student to initiate the leaming, develops lifelong learning abilities and curiosity

—~prapares studants for the postmodem “werld of simulation”

Tatve 1. Simulator snd Simutation Benefis

The recent litaraturs is full of simulator and simulation examples used for teaching and
leaming in higher aducation, s well ax ressarch and even game ptay. Resaarch is available on
avarything from a paper-based simulation callad the Restaurant Game that promaoiss the leaming
of marxet forcas and the complexity of starting up a small business venture (Brodik & Zapalasks
M)meMMuhmsmdﬂmﬂmpaiqmmwimm{Mm
1999; Kaihlsne & Baker 1999). The system of population dynamics is a popular simulated
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syatem as waill. Artzrouni and Gouteux {2001) ciscuss a model of the spread of sleeping sickness
in & population daveloped and usad fof ressarch purposas, but that couid easily be applied to an
educational setting in public health or epidemiology. Even university fmancial management has
bean modaiad maors than onca for bolh ressarch and educational purposes (Barias & Diker 2000,
Virtual U).

Challenges of Using Simuiations/Simulatory

Using simulators and simulations are aiso not without their rigks. First, they take
anormous affort up front in the conceptualizing and designing of the environment befors any
testing can take piace (as an sxampie, see Chapier |1l for this study’s initial development
process).

Then there ane a host of unanswered questions regarding their sffactiveness. Several
studias aut of tha University of Twanta in The Neiherlands outline the dificuities in assassing the
impact of simulation use and the need for supplemental instructional tactics during the use of
simulators (Swaak, J., van Joolingen, W. R., & de Jong, T. 1996; Swaak & de Jong 1968; De
Jong, T.. Martin, E., Zamamy, J., Esquembre, F., Swaak, J., & van Joolingen, W.R. 1399). Their
findings point in two directions. One, knowledge gained from simulator use is very difficult to
capture. Some call the knowledge tacit others see it as implicit, intuitiva, or simply nonvarbal.
Their studies have attempted to look at speed and efficiency of tasks batween groups who've
used a physics simulator versus groups whe have not. Their resulls are mixed but suggest a
possible significanca in that simulator usars who presumably have this mon intuitive level of
knowietge about @ system (in ihis case coliisions from a physics peint-of-view) may ba able to
more quickly answer questions about the system. Their other major work compasas groups wha
racaive assignments 1o cary oul using the same physics sinulator to groups who experience the
simulator as a system that increasas in complexity aver ime to grougs who experience the
simulator with no guidance. Bath moded progression and assgnments showead promisa in
increasing inluitive knowladga, but again, results ware not definitive. In a sense, whal thik group
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of resasrchars is trying to test are difarent mathods of applying the surmounding contaxt (0 2
simulator, which in my language is the process of bansforming a simulator into a simulation.

Earlier retated studias look at the rola of background information given prior to a
simulators use and advice given during A user session (Leutner 1893). Their findings indicate
that studants who receive adaptive acvice within the use of a simulator gain rmoms content domain
kriowladge than thoss who do not. However they leamn leas about the functionality of tha systam
being modetad than atudents who do not receive aivice. In addition, students who can ask for
and racaive background knowledge and receive no adaplive advice perform betiar n delayed
memory tests than thosa who recaive adaptive advice. In sum, it apgears that if you get advice
as you move through & system, you will not leam the system ax wail, but you will parformn belier in
short-term, more naditional content domain tests. if you don't get advice, but can ask questions,
you will laarn the system batter and perform bettar in the long term, but you may not gain the
short-term content domain knowledge. A study by Korfiatis et al. (1999) backs thaas findings up
in showing thai students in population acology who used a simulator leam the population system
but not much biclogy content. They recommend a combined traditional and simulator-based
strategy for bast results on both types of knowiedge.

A study by Veenman and Elshout (1995) demonstrates that xiudents with prior problem-
solving and matacognitive abilities prefer “open” simulstors with little support and siructure and
perform better without that support and structure, while students without those skills requira a
structured more “closad” simulator experience with much more guidancs.

Ona fyrther sarlier study by Laurillard (1592) simply shows that computer simulators are
anly effactive with the use of support systema. All too often she sees students gaining a surface-
javal unoerstanaing of what thay experienced with a simylator only to mias out on the more
intuitive systemic undersianding of the model behing what they observed. She wams that
students wha do not receive support are likaly to miss much of what might be gained from a
simylation axparienca and lists the fallowing conditions that will lead to a poor educational
mxperionce: lack of preparation, no value on students’ work, lack of a goal, program complexity,
tasks oo structured, and oo much time praasure.
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From these studies we gat more questions than answers. Moat of thase studies wers
attampts at controlled studies, and researchars got semi-significant resulls more often than not.
Trying to study them in less controlled classroom setting is aven mole difficult. Thix difficuity is
what CCNMTL faces with ail its projects, no project more so than Brownfield Action. Another
difference is that the tools usad in these studies ware primarily more aiong the lines of a simulator
and less what | would define as a simulation. However, | would argue that the samng support
strategies discussad in these studies all concemn themsedves wilh the contaxt and surrounding
matenial that tums a simulator into a simulation. Thus, what thay are really talking about is how 10
turn a simulator into an effactive simulation, one of the estential challanges in making Brownfield
Action succassful.

Quastions
in all, we have a host of questions 1o address through this project:

o How does one datign, build, and implement an effactive large-scale simulation project in
higher education?

s Mo specifically, how does one develop a simulation for non-science studants about
anvironmenbal sciance thet will laad to the general educational goat of understanding the
important role of environmental scienca in our contempaorary world as well as promoto
content knowledge about a variety of environmental science concepts and ganeralizable
problem solving and analytic skilla?

» Even more specifically, haw do we provide adequate learning support in the form of
inatructional matsrials and techniques for the simulator such that we create a valuable
simulation experience?

« Then uitimately, how doas one measuns whether we've accomplished the above goals in
the: context of & real cassroom and laboratory anvironment with innumerabie vanables

that cannot be controlled for?
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Isacher Aduptation to Technology
As has bean pointed out in studies by Mandinach and Clina (1984) and Sandhoitz,
Ringataff, and Dwyer (1887), insiructors have (o fravel through stages of developmant in the usa
of lachnology in the classroom that demands facilitation instead of authority. With Brownfisid
Action, it would be no different, so thess two works are important referents.

Deslgn/Devetopment Approgch Evolytion
As | stated earlier, since Brownfietd Action was a project out of CCNMTL, | did not have

the luxury of studying this project in a controilad satting. [t was to be used for saveral years in a
real collage-laval environmental sCiance coursa.

The closeat work 1o the axpernence of the Brownfisld Action dasign and deveiopment
process is found in Geodrum, Dorsey, and Schwan's (1993) work on defining and designing
Enriched Laaming and Information Envionments (ELIEs). In this paper, they describe how thev
mxparignce with designing sducational environments lad them away from entirely tachnology-
basad and theory-based dafinitions and more towards what they define as a socio-tachnical
aafinition that focusas on the peopie involved and the specilic work thay ars asked to perform.
Thay percaive that the |atest lsarning thaory and the lateal technology doas not necessarily lead
to innovation. Instead thay ciaim that all innovations are siuated within & context of people trying
to accomplish work in a particular environment, and a weil-designed teaching and leaming tool
should suppaort that work. Thay go on 10 describe their design work &3 a series of relationahip
building ses3ions with usars, rapid prototyping with MOCk-ups and a focus on the lasks that users
meeded to parfom.

While CCNMTL did not bagin with a particular ressarch modsl in placa for its work, four
yemintniummnwiliab-nmninqtoshmamemdnHMBﬁﬂdnlDusignﬂmm,
The cantarpiaces from the litarature for this study of Brownfigld Action are two artices on Oesign
Rasearch, cne by Daniel Edelson (2002), the other by Jan van den Akker (1989) (although the
tRrTN “design ressarch” or "de4ign axperiments” hat its roots in work by Allan Colling (1992) and
Ann Brown (1992). In the Edetson articke, he describes a current trend in aducational reseanch
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fowards design. |n a raditional resagrch approach one develops a theory, dasigns somathing
using the theory, and tests the theory. However, a group of researchers has put a twist on this
procass, pointing out that design can inform thsory development. Lising this process,
researchers start with a set of tentative hypatheses and principlea to bagin tha dasign process.
but theory developmant is revisited many times in an iterative loop of deaign, implementation, and
theory deveiopmant. The goal is to describe and continue to refine the thaory (Edeison calls it a
domain theory) aver time and genersiize it, 30 it can be applied in other contexts. Edaison points
out that Design Research can also yield design frameworks, generalizabie solutions to given sets
of educational challenges, such as goal-based scenarios or anchored instruction. Van den Akker
calts thase frameworks substantive design principles. Another oulcome of design resaarch is
design mathodology, principles towards achieving design frameworks. Van den Akker calls thase
principles procedurtd design principles.

Edelson's process is kayed on deaign decislons. Each dacixion in the design process is
potential fodaer for a researchable hypothesis. A good hypothasis ties a design cucision to a
desired outcome. When the design is put in practice, the focus shifis to being brutally honest
aboul what works and what soasn't by idantifying failures that can be tied back to the design
decision in order to ravisa the hypothesis. The burden of evidence to convince somaone that
something dows not work in one's dasign is low. Itis much aasier o convinGa someons that
something you designed failed than to convince someone that it worked. The chailenge is to tie
the identified failure to tha Key design decision and to make the agpropriate adjustment to the
hypomhasis.

Continual work on Brownfisld Action, in fact, contributed to the identification of Design
Rasaarch as a possible good approach for CCNMTL. In a way, without knowing it, we ware
perfonming some aspects of Design Resaarch intuitively. Grie might call it Dasign Research Not
by Design. Through the close axamination of the four-year design and development process of
Brownfield Action, | will show how this project contributad fo the development of CCNMTL's
action-orientsd method of avalusting its work. This method can reprasantsd by some form of
Design Retearch as it matches well with our goais of developing and studying projects in the
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contaxt of real classrooms with real university studenis. Through this study, | hope to show how
Design Research can serve as a modsl for a new madia cenier's davelopmaent of s own
resaarch and developmant prachicas.



CHAPTER I

Yeur 1: Gatting O the Ground

Apgrogch to the Problem

CCNMTL formally opened its doors in March of 1999, | was a part-time emplayes and
Mastar's candidate in Communication and Education. Whan Dr. Bower's STA proposal was
accepted shortly therwatter, | was anirustad with managing the project over the summer to see
what wa could maka of his idea. | immeadiataly started drawing visual maps and flowcharts of

what the student expeariance might be |ike if we ware to iry to build a compieta lsaming

18

anvironment for the study of 8 contaminated land site in a fictionat town. Figure 3 is a facsimile of

one of thaaa initial charts.
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We wers working from the pramise that the goal of what we would build would be the
same as what he was doing in his course curmently, but that we would iry to broaden tha
capabilities of the studants and increase the compiaxity of the problem. From this mapging came
some general concepts of the components that an environmental contamination simulation would

require:

Oata
We neaded to find or construct one of Mmore plumes, three-dimensional balioon-shaped

structures reprasenting the underground contamination that siudents would iry ta find and then
sxplore. This data would sorve as the hard science portion of the simulator. Dr. Bower's GWP

had two-dimensional data. We had 10 expand that 1o tras-dimansions.

Togls for Collecting Data
Siudents would nead a sat of ioola for dascribing the area in scentific terms and for

lacating and “mining” the plumes to datermina their location, size, shaps, ard type. These tools
wolld conatitute the mathed of making requests into the model and extracting acientific data.

Story
Becauss we wanted to emphasize the connectednass of the plume to human activity, we

neesded a story, or at laast a basaline plot saquence that established causality for the piunve and
conzequencas for its continued prasanca. The students would nead a moig in this story 10 serve
as the mativating facior for their work collecting the data.

Map
In order to mainiain orentation, the simulation would require a map. This map coutd ba
provided for students or they coukl ba given the tools to conatruct 2 map of the land where the

data resided.
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Budget

To provide an authantc axperience, we nesd to place consirasints on students’ actions.
Utimataly, monay is the limiting factor in a real environmental investigation, 30 wa needed to
devise & budget aystem that woukt imposa some limils on the actions students could carry out.
Our hypothesis was that this would foster Jebate among students about how i procoed with thair
investigation and lead to them to think about their decisions bafore acting.

Referencs

Since studants would be sntering this simulation with no prior knowledge, we needad 1o
provida access to reference material that would support thair activity. A library of relevant
resoyurces would alow students to refer to information as needed and would be driven by thei

need-lo-know as opposed to force-feeding it prior to tham taking actions.

Approvi) Svatem
in the paper-based mathod of the GWP, thera was an implicit monitoring trocess that

ook place as students made requests and recaived responses since the instructors fitered all
student actions. Wae balieved a larger simulation would reguire & similar moniloring systam. It
would allow instructors 1o monitor student progress and posaibly approve or dany student
requasts or to make adjustments o student accounts.

This list of basa alements constituted the basic initial dasign framework for the first

version of Brownfiald Action. It wouid be aitared dramaticaily over the years. but it served as our

starting point.

Revsigpment
Al the tima this development process began, CCNMTL did not have a prescribed
dwulopmuntcyulaorpuhuumﬂhrihpmim,ornsmndardmamudufdummuntnﬁm.m
Canter also did not have an example of how 10 build a project of this size and scape. It was Apri
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196%. Tha class was set to start in Seplember, laaving us approximatedy four months o da
whatever we could gat done.

Tha aimulation slemants listed in the previous section are a rankad saquence baaad on
importance and difficuity. Dr. Bowear agreed we neaded o start with the meat difficult pertion of
the development first. That meant tha first "nut to crack” was the data model. Without the data
muodel, thare was no project and all tha other elements would ba ussiess.

Model Deyeiopment
The objective of the model construction was to come up with a methed for providing

studants with a land area whare they could collect data anywheara on the site at as small 3
digtance interval as possiblte. This model needed to have data in it where avery spot was a three-
dimensional point in space with values that represented everything that a student couid detect at
that location.

As Dr. Bower propased, this seemad at first glance like a fairly straightforward database
probiam. However, the main platform that CCNMTL had exparienca in for delivering a simulation
or game-like laarning environment was Macromedia's Director software. While some groups had
developed ways for attaching a databasa lo a Director application, none of us were confident that
we could implement this type of solution. In addition, we wera concamead that dalabass querias
Wwould have a considerable lime lag that would be 2 significant datriment to the students
compilating the task.

Wa explorad other options. | spant several weeks teaching mysaif a vaniety of geological
modaling programs 10 see if wa could ganerate the data we neaded in another form and transiate
it inta xomathing Director could handle more aasily than a database. David Van Essalstyn and |
had several convarsations about how this might work. Wa knew that Director was designed to
handle graphics very consistently and that if we could make ths data visusl in zome way, we
might ba able to avoid using a traditional datubase solution.

Dr. Bowsr ahowed ma how environmental scientists typecally make contour maps to
depict thair findings In thesa types of investigations. ) startad using Surfer, a8 geclogical modeling
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program that could genarate two-dimensional maps, wondering if Director couid some how read a
map instead of a database. Surfer usea intarpolation to generate & given map. To make a map, |
would antar in a basic set of approximately 100 data points provided for me by Dr. Bower, and it
would astimate the rest of the map for ma at whatever detail level | requested. | played with
vanous formatting options for these maps, showing them to David, who had the Diractor

mcpnrinnm.tnmwnmuldspukmuninhhhmmnuthowmmadmwmDiracmr.

bl _gf///

NORGD 0000  MOAOA  IEDD A

Figure 4. Badrock Map from Brownfisid Action

Theough some onling hunting through Macromadia 3upport groups. David found the
alegant solution we needed. An undocumentsd command in Lingo, the language Director
programmers use to make applications, known as GelPlxel, allowed one 10 lake 8 graphical
object, locate a specific pixel In that object, and determine the color of that pixel. Thesa colors
could be assigned a key that associated B particular color with 8 particular volue, and this
aperation was naarly inatantaneous. GatPixel was our answar. By making very precise colorizad
contour maps of all the data required in the model, | could construct 8 working dataget that
Directew could interprat and diapiay neady instantansously.

Our constraints were the number of pixel colors. avaiable, This meant that for each

contour map, tha ranga of acceptable values could not excead 256. This sarved as the base for
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the deciaion about how big the land area couid be, what the distance interval batweaen data
locations would be, and how many significant figures a particular data typa could have.

The land sita was to ba 2200 fest by 2000 fest. We thought it was reasanable for a
studant 1o ba abie o take 8 data sampla at ten-foot inlévvals across and daown the map in two-
dimensional space. This led us to craate a grid map with 64,000 points on it (320 aiong the x-axis
by 200 along the y-axis). We also decided that it was reasonable for a student to also be able to
drill down inta the ground at ten-foot intervals until they hit rock. Using Surfer, Or. Bower and |
genarated a fictional badrock layer that at its lowest point was approximately 150 feat from the
surface (Figure 4). This meant that for any object with thrae-dimansions undar the surface we
needed up !0 fifleen layers, or cuts, through it that could be reported to students. We also
generated a surface slevation map, and a water table map. Figure 5 gives a sensa of how all the
layars are arranged under tha bass map.

39 LAYERS OF DATA, OVER 2 MaLLION DATA FOINTS

Figure 5. Modei showing the oaia iayers undernasth the aeriai map
(map is from Brownfigid Action 2.0).
Far each of thess maps, we had a ringe of 256 values that coukd ba axsigned. The
surface slevation variad from approximately 845 feat down 1o around 800 feet. We could
generate tenths of feat bacause that would have besan up to 450 valuss, but wa could do balter
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than just report nearest foot, 30 wa generaled data to the nearest half-fool. The water table was
relatively flat, 30 we could report it to the naarest .05 of a foot. Badrock was reported to the
nearest foot bacausa it had ihe maat range. For aach type of data a student could collect, we
neaded 64,000 deta points, 30 | created a colorized cantour map of 84,000 pixels for gvery data
type in two-dimensions.

The mom difficult maps o creale wera the cuts through the three-dimensional plumes
because they were difficuit to lay on top of one another o make sure thay lined up propery. |
eventually found a mathod where | would export all 84,000 values from each Surfer map to an
Excel shewot. Then using a program called Tecpiot, | couid load muitiple sxcel shéats at one tima
and view muiltipie layers simultaneously in a threa-dimensional moded that Tecpiot would
construct for me.

Thix mathod allowed us to view all of the contour map data presant in the model, everything from
tha vanous alevation data to the piumaes as well aa the sail typa.

Dr. Bowar aiso needed to inciude human-made objects that would bé diacoverad during
this typa of testing; everything from pipes to underground tanks, septic systems, and landfills. We
could not model these objects using Surfer and Tecplot, 8o we had to find anather method. Cur
soktion was 10 trick the system wa created into thinking it was looking at a contour map. For
every human-made object, | craated a color-map friem acratch that when checked, inatead of
reporting 8 numbaer value, would report a text message describing what was at that location. By
July was had a draft of a full dataget,

It is important to emphasize tha highly detailed explanation of the process of the madel
creation. This explicit description serves as an example of the inventiveness and imaginalion
required 1o accommodats the challenge of participating in the field of dimulation use at the
highest level. Good teachers are on-the-fly inventors in the clasaroom. They create analogies
and new methods for approaching problems gveryday. As educational designers with
technology, we must do the same. The deveiopment of iha madal was true cregtive design and
resaanch in action.



Icols for Dats Collecting
Dr. Bowsr was able 10 identify tools used in the fledd for us that we could assign to

particular data types. Wa simpiified and combinad t0ols info tha sat shown in Table 2 below.

TESTING TOOL REPORTS
Surface Topography surface elevation of ona point
Ground Panetrating Redar text description of human-made oblacis along a transect
Magneatomaetry/Metal Detection text dezcription of metal cbjects along a transect
Soll Gas/Soil Analysis gasaling amount in s0il, one givan dapth
DMF Proba contamination amount at ten paints down 100°
alto reports water table
DMF Drid contamination amount at 2 points at any dapth
also reports walar lable
Seinmic Reflaction/Refraction bedrock slavations along a transect

Tabée 2. Tasting Tools avalabie in first version of Browniheid Action

As shown in Tabia 2, Surface Topography would mimic Satting up 8 fripod surveyor and
taking slevation paints. Ground Penetrating Radac would detect any objects under the ground
placed by humans. Magnatometry/Metal Detection would sense metal objects under the surface.
Soil Gas/Soil Analysis would tast soil for the presance of gasoline. The Probe would allow for the
collection of water samplas avery ten feat for one-hundred feet. Tha Drill would aliow desper
codaction of water samples at two depths and aiso repact the alévation of tha watier table.
Saisrmic Reflaction/Rafraction would report the elevation of the bedrock layer underground.
Because wa ware not intarestad in having the students bacome axperts in the agquipment itself,
we decided sarly on that the use of a 100l woukd conatituts the operation of the equipment, the
collaction of tha data or sample, snd the analysis of the samphe.  The decision to use tha tast and

wham 1o test was wharta we wanted the focus to be.
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We than assigned thesa tools (o their appropriale data mapa in the application so that the
use of a particular tool would only rapart the data that a satected (ool would be able to detect

The Story
By tha time we had the datasat in good working order, there was not much time kaft for

alory development In this first yesar, 30 wa proceseded knowing that in subssgquent ysars we would
davotn much more time to this componant. We decided the setup to the siory would be essantial
to gatting started, so we focused all our anegy into what the students would receive at the outsat
of tha simulation. Dr. Bower draw up a contract that the students would sign that constitutad the
assignmant given to the students. This agreement stipulated that he was a raal estaie developer
hiring avery pair of students (reprexeniling a aite investigation company) to separataly and
competilively investigate a land site he was inlerested in developing in the fictional township of
Moraine. This contract outlined that the studenix would agree (o provide a Phasa One Sits
Assassmant, which constituies a comprehanaive description of the xite and surrounding area,
detaity on any problems discovered including the presence, exient, and cause of any
contamination, a recommandation about whether or not to purchase tha site, a sares of maps as
avidence, and a budgat summary of expansas (see Appendix B for contract draft). Once this was
complate, dtudent companias would procesd logethar with a more detailed Phase Two
inveatigation pending the time remaining io the semester. The Phasa Two invaatigation is when
invasive testing invalving axcavating and drilling coma into play.

The contract assentially apsilad out the rolea for the students, the problem (o be aoived,
and the ground rules for accomplishing the objective successfully. The initial challenge for
stucents would be for tham to read through the legal language that the contract contained and
intarpret the assignment. We wouid also use the contract as the account creation proGadurs
where studenta created a login name and passward for continuing their work from waek 1o week.
Thess accounts wouid ba stored locaily on one maching, so asch woek students would have 1o

uge the saune machine in order 1o continueg.
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To zpedl out the contaxt of the problem to ba solved prior 1o the contract, Dr. Bower and |
davaloped a video intarview of Dr. Bower playing tha role of the raal astate developer discusaing
his plans to replace an abandoned factory site with a mall {Figura 6). In tha nterview, he
describes how this mall will heip the aconomy of the township by bringing in jobs and tax dollars
from people who come to shop there. The one item holding up his purchasse is his concam that
the factecy or ita staff may have intentionally or ynintentionally contaminated the site, and ba does
nat want 1o be responsible for the clean-up, as curmant govermment regulations requira of new

land ownars.

-~

Figure 6. Screanshot from the Introductory Video of Or. Patar Bower pigying the
rode of & Real Estale Deveiopar

Finally, because wa wans concemed about students having a starting point for axplaring
the sita and surmounding ama after agresing to the coniract, we developed a tour of the townahip
that we namad the Visual Reconnaissance. In actual investigations, this is a cormmon inftial stap
that investigators take to get oriented to the amsa to be studied. Rather than having students
davilop ihait own reconnaissance, we pravided a written text of a tour that we would indicate was
performad by a fictional steff mamber in their company (see Appendix C for initisé version). This
served as further contaxt for the alary and ortentation to tha prablem to be sohved.



The contract, video, and Visual Reconnaissance, constituted all the story alamants tha
students would recaive at the beginning of the simulation_ Bayond that, we wera out of time to
develop more story material that could be given out aver the coursa of tha inveatigation, so the
only other step we could take was o create apen functionality for adding mora story later. This
wak done by craating a kst of the businesass and residences in the town and giving stucdents the
opportunity fo visit thase locations and ask queations of the virtual pecple wha fived and worked
st these locations, Thess quastions would ba sent via smail 10 an instructor bulietin board where
Dr. Bower and his insirucion could respond 10 students {also via amall) piaying the role of the
paopla in the lown. We planned to use the questions and answers genarated on the fiy aver the
semester as & base for cresting a more elaborate siory tha following year. The bullstin board

would sarve as an archive of the student quastions and the inatructor rasponaes,

TheMags
Dr. Bower spent savaral days generating a hand drawn map of a partion of the township

where the factory site was lfocated along with the sumounding businesses and residences. We
hired a technicl drawer who quickly made a biuaprint-like drawing of the lown for students (0 s8e

whara they ware 2t all timas (Figure 7).

Figure 7. Map from first version. Yoliow indicates dit roads. Biack indicates pavernant. Buildings
ara outiired white boxas.
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Students wers going to ba requined to ganerate their own version of this map (refemad to
as the base map), and then layer transiucent sheats of papar with the various dsta they colléctad
throughout the project.

Busdget
in order to prevent students from using a triskand-amar method for working through the

assignmant in tha simulation, we instituted a cost structure for svery action a company could
take. Students would be allotted $45,000 to bagin their investigation and would receive an
additional $15.000 upon succesasful complation of the initial investigation as stipulated by the
contract (in later years we raised tha initial budget amount to $60,000). Teating tools that were
minimally invagive and provided minimal date wers cheaper than complex drilling tasia that are
typically vary expantive out in the Reld. Rewards wens built into the cost siructure for studenis
whio planned out a completa text using one tool and did not have 1o go back to it later. This was
meant to simulate the renting of squipment and pay for operators that typicaily takes place with
resl investigutions. Again, wa were irying to emphasize planning and decision-making with this
design choica.

Wa created an account portion of the application where siudents could ses 8 running list
of avery action thay had taken and how much monay was remaining in their budget. Wé baliaved
this could be a valuable mathod for avaluating thair decisions as an instructor could look at sach

company's account and see the sequence of choices each team employed.

Beference
We could safely assum that students would come into the course with no idea how one

of thass investigations was to be parformnec, lat aiona how ihe detailed testing procedures
worked. The novel, A Givil Action {Harr 1995), wes addad [0 the cumicuium and served as a
model of an investigation, but it did not detail the testing procedures wa created for the
simulation. We usad Richard Nussbaum, ths student technology assistant assigned 1o us from
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Dr. Bower’s original proposal, to ressaanch and write-up reférance matarial on the tasts that we
woukd provide students. This material was programmad into the application in this initial version.

Dr. Bower wanisd to implement a quiz within tha simulation for @ach testing tool io
gnsure students studiad the proceduras, hut we had to postpona that work dus to tirme
constraints. Joa and Diane did thesa quizzes on paper with tha studants during the semaester.

As it stood when it was tma for students to begin, we went ahaad with implemeantalion
with a fairly minimal amount of raference material, hoping we could guide students along when it
got to tha paint where thay neadad to understiand thae tests.

Approval
Our hopas for an approval system that would allow Dr. Bower and his inktructons to

monitor student prograss was not fassibie the first year. instead, at the last possible momaent,
literally the day wa installed the application in the (ab, just days prior to first use, we decided to
write a command in the appiication that would automatically export all the atudent company data
{the money they spent, the data they had collectad, thei names and passwords) into a hidden file
on the hard drive that we could look at for monitoring purposes and modify if any amors arosa.
This proved sssential for tha irmplemaentation phase of the project as we ran into AuMeous

instances whars wa had 16 make comactions o studaent accounts.

Interfsce
Wa spent considerably less time devaloping a usabile interface than we would hava liked,
but David Misle was abie 10 create 3 simpia, straightforward look and feel for the application with
menys and tabs Baked on a specification | did (Figures 8.11). | deveiopad 3 vary quick user
manual to be distributed to shitents to heip them work thraugh all the controls, and we hoped for
the best. We krww this area was going 1o need improvemnent before wa aver had 8 student bry o

U it



Figure 9. On a3 visit o the Finance Dept. in the history interface.



Fiqurey 11. Test data from 8 Probe tast.

Baflecting on the Design
Tha most cesrmon question that arode whan we first described the data model to

mllnguumdmﬂmﬂymﬂnmhm.'wwdimwwummummamﬂaﬂnT We
conaiderad this possibility, but deliberately chose construcied data verified with axpernts as
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realiatic for saveral raasons. Real siess whare mal investigations occur do not have the
granularity of date organizsd the way we needad it to provide for students. Even if wa startad with
raal data, we st would have had to do a significant amount of guasswork 1o consinuct the modal
into somaething navice students could work with, Than there is the undeniable fact that all real
siths have the noisa of Uregulartias and inconzistancies that would have undermined our
padagogical strathgy.

This problem comas up in any discipling whare cots studies ans used, sspecially in the
medical fisid. For medical students, it is very important 10 be faced with thoss irrégularitias, since
thety are training to bacome doctors who will live in that world of imeguisrity, Bacauss we ara
gaaling with introduciory students who ans not training 1o bacome environmental investigators, we
waniad 10 avoid imeguianties that could not be axplainad. We fell better about twaaking values in
a made-up 36t mong than having o jugtify changes to a rasi dataset.

As long as the Jataset was realistic, we could make tha teaching pointa wa waniad io
make and students coud discover the data and infar its causas to o satisfactory lavel. If we were
daaling with more sophisticatsd students or peopla training 1o be profesaionals i the field, we
would have made a different choice, but given qur audisnce, realistic data sesmad mone
appropriate than real data.

Tha valua of real data is its authenticity; the knowlsdpe that what is being studied is
something that actually occurs in the real world gives meaning to the work baing done.

Wae also knaw that down the ling that it would be very difficult ia model a real story af a town
authenticaily — how could we ba true to all the events that took place — again wa would be
guessing and inventing and probably do a disservics 10 the achial peopia involved in what really
occurred. Tha students wera already reading A Civil Action, which gave them a story that is real,
and pravides that sense of authanticity to this kind of work, Having them transfer the real story o
a model story in Browmfisld Action seemed to make sense intuitively. Another facior we had
minof concems about was that if wa usad a real aite, studenis could who could find information

about the real sits would have a significant sdvantage.



Yraining/impismentation

It was unfortunate due to fima constraints that wa could nat devote more than & couple
days to training the lab instructors on tha usa of the simulavion before thay were put in the
position of irying to gat through it with student labs avery weak. Each week there were aight labs
with approximately sbieen students in aach tab. Labs were scheduied for three hours.
Brownfigid Action was meant to take up approximaltely s io saven weaks of the lab exparance.

As soon as we had a partislly working version of the complate syslem, | installed it on
laptops (that CGNMTL reniad for the semester bacausa thers wax no budget to purchase
machinas at that point) for Diane and Joa 1o fry out. Or. Bower was coordinating the lecture
activity and made a paint of not interacting with the |abs for fear of Diane and Joe losing suthority
and bacause of hik own time limitations (he teaches several other courses).

It ahould not have come as a surprisa that Joe and Diana did not have general technical
savviness when it came 10 using computers. Thay are long-tima teachers with a lot of
sxpeniance. Whila they wera proficient at typing simple word procesaor documents and using
email, the use of a simulation appiication on a Macintosh laptop proved to be a substantial
chalenge for them. Iceally we would have apent at laast two wireks going through the compiate
use of the simulation and what the students woulkt be doing week by week. Bacause we were
short ont ime, | chosa to walk them through its use very didactically just enough to get them
through enough ategs 1o survive woek-Dy-week. Not surprisingly, they used my instructional
mmmmmuammmmmmmmummugnmcmuufmasimmamn.

This had many nagalive ramifications that came ot ia the evaluation.

Eyalustion
At the time Brownfiald Action was readly to launch in sarly October 1999, CCNMTL had

not hired a staff member to lead tha avaluation of its work. | had no experience in evaluation
wmtlmmmmmmmmsmmmesmm.M|
procaaded as bast | could.
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| deveioped a pra-survey for students to il out at the siart of the semeatar 10 help us gain
a pichure of what their axperience and intarests wers coming into collaga and this coursa.
Students were ganerally very bright, with high SAT scores and solid high school GPAS. They
ranged across all four years of undergriiuate work. Students ranged from first-years with no
deciarad major to saniors putting off their acience equinkment as long a3 posaible.

During the semester, | spent a lat of ime in the lab troubisshooting tachnical probiems,
and aach weak Or. Bower, Jos, Diane, and | would debriaf on what had happenad in gach lab
and what 1o expact in the coming week. We sssentially battied our way through problems as they
arose and made the bast of what we had completed. My svaluation as we weare warking through
the simulation boied down ta my cbaervations of each lab and conversations with individual
students as thay hit obstacies. (n a way, | was an additional instnuctor in the lab on an as-nesded
basis.

It in interesting to nota that aven this earty on, my inatinct was 10 procesd using a very
active, nimble method of modifying the curmiculum with respect to the technology. We would alter
the curmicuium sach waak basad on sur observations and the students’ work very much a3 a
design resaarcher might, even though at that point, none of had haard of Design Resaarch and
the: Edaison articia was three years away from beng writtan. The van den Akker chapler was
publishad that yaar in Principias and Mathod of Deveiopmental Research, but wa wene nat awars
of it

Then as the semester progressed, an evaluation mangger cama on, Robart Highasmith
tBob}.whowkudwiMmu.nnda:tl.IdmtmiatmLPmﬁaﬁim.toduignandmnauriauuf
student focus groups and interviews with Jos, Digne, and Dr. Bower towards the end of the
semestar 1o see how the program anded up working in a faily summative mannar. This concept
of evaiuation lad us away from the active appraach | had begun.

Bob indicates in hix raport that it project was by-and-lange a success in that it
demonstrated how a sinulation had the potantial to transform a coursa (Highsmith 2000).
smnummmmmmmmmuopmmmutwmumm
performance on similis taska in the course in previous yaars. I cosmipaning the reparts studsnts
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wrota this year versus reports producad for the Groundwatar Project, he saw more mastary of the
subject rmatter and analysis in the Brownfield reports. Even though GWP reports were longer, and
students from that year had a chance 1o write drafts, get feedback, and maka ravisions, in Bob's
astimation they focused on describing tha lab activities and less on conatructing an analysis of
the contamination problem. In his opinion, the Bownfield Action reports wers mane authentic and
demonstrated more claary thet siudents had leamed from the axperience.

Bob's initial hypothasis about why student reports were hetter in Brownfisld Action than in
the aarlier GWP focuses on the precision and depth of content availabla in Brownfleld Action. In
short, students in Brownfield Action had more to write about. Then, he goes on to say thet
Brownfield Action grovided a means for students to collect data and deveiop thair own
hypothases about the evants that took placa in Brownfield Action. He inforx that the Groundwater
Project did not provide this type of opportunity 3 it was less authentic and less rich of a
simulation. Brownfisid Action alsa provided a lsaming environment that integrated all the
components of an inveatigation, 3o it is not surprising that students who experienced that
intagration would reflact it in their repors.

Bob's apportunities for further succtss focused on outlining clear objectives for the
coursa and the project, 3o that wa would have a basaline with which to maasure against in future
siudies. He also recommended making theza goals explicit o the students in the onentation to
the projact to heip get them off on the right foot.

Bob pickad up on the nead for better lab instructor training 10 heip them undarstand the
goals of the project and the full features of the simulation that were available for students. He
pointed out that many studenta got frustratad with the delay in rezponsas to queastions to
charactars in Brownfleid Action sent over email. The delay made it very difficult to proceed with
the historical side of the invastigation.

Finaly, Bob recommanciad that we add functionality to ailow students be able to access
Brownfield Aclion oulside the (ab on Windows and Macintosh operating systams, 5o they would

not be restricted to in-labd uss on & L5t COMpUter.
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in sum, there ware many kinks to be worksd out in the next yaar and saveral additions. 1o

the project that we wanted o include in a second version, tut we had a foot in the door to
somathing very powerful.

Beftecting on the Evaluation
Lmkjngbackmmuﬁmyw.mnrnmmmymhtammatwnnmmlummm

all lavals of the project. Our lack of attention 10 instructor training was one of tha biggest
mistakes of al). We apent so much energy in the building of the product that we left no time for
gnnmnmuumandwinnmnfmtoapomtmmamwrmmaﬂnmuldbaum
affectively. | compoundad the mistake by raining the instructors using the exact wrong model of
instruction.

Also, wa naver lopkaed at Dr. Bower's lactures. We did not talk about how it would affect
the lab portion of the courss and how ha would hava to change 1o accommaodate this new activity.
In fact he did his lectures aimost sxactly as he had done them the year prior, with no real mantion
of Brownfield Action. This wes confusing for the students as they were not surm how much of a
pricrity to make the projact since he raraly mantionad it in lecture.

Beb Highsmith was the first Manager of Evaluation at CCNMTL. Bob's avaluation of tha
project was the Center’s first foray into avaluation. Bacauss he knaw it would be made availble
to tha pubiic, hé strugglad to write it in a way that would be both useful ta the design team and
serva the political interestx of Center. Obviously, if ha and the Center had undersiood the Design
Resaarch procass at thiz point, we could have sarved both. In trath, { used more of what | saw
with my own ayes week-by-week to determine what we shouid do the following year more than
iha avpluation report. | had alrgady concluded most evarything included in tha raport and mors
hafore the semester had ended.

Still, GCCNMTL had not matured to a point where wa had a deliberate methodology for
how lo evaiuate projects 5o the information drawn out would give an accurate portrayal of what
occumed and be helpful for future dasigns. This firat run of Brownfisia Action was one of the first

real tast of the limits of what wa knew how 10 accompiish, and we negded 1o show improvement



the foltowing yaar. We had to shift from a mindeat that focused on evaluating what we built to one
where wa undarstood that we must look at the antire surround of a course and the product wa
built togather as one project.

My primary concern during this fist evaluation wax to get feadback from the studanis on
the technical functioning of tha application we daveiopad and what was needed to got them 1o be
salf-sufficient using it. Students’ primary feedback was focusad on their desire (o use it outside of
clags 30 they would be less rushed and less constrainad waok-by-weaek in what they could do.
Many of the studenis understood implicitly that this waa supposed 1o ba a discovery-arientic
axercisa, bul bacauas the instrucions wara not confident in the technology, they (we) constrained
student activity so much that we made discovery a moot point sinca all the students were
assantially acting in unison. Students alao wanted better guidance from instructors. Thay picked
up very guickiy that the inatructors did not know much about the larger goals or design of the
project. This was not the lab instruciors’ fault. We did not involve Joa and Diane in the creation
process and did not leave enough time for training axcapt by the most didactic of methods.
Students aiso did not banafit fram the historical portion of the simulation where they could pose
questions via smail becauss there was loo much of a delay in getting responass back. Our plan
1o archive the quastions and answers did not really work because Dr. Bower got 30 bogged down
in responding 1o the same questions over and uver. He was always running behind. Students also
complained about the tedioysness of much of the work, aspacially the creation of the maps,
which required nearly haif the semester to complete. They fait they did not leam much fram
doing that much grunt work and recommandad wa provide some kind of base template for the
naxt yegar.

Some of Bob's unpublished recorded comments that he summarized for me from his
student focus groups give some resl insight intg what wais going on in tha [ab tha first year, both
positive and negative (Highamith 2000).

Regarding the simulation (p. 2):
& “it's real. It's rare that most of ut do anything with & real component.”
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s “The Brownfield Action technology is imprassive.”
+ "The simulation is well dona ™

= "It caphures raality.”

Compare those potitive comments with the comments about the actual computers used in the lab
(p4)

+ “Wa nead batter computers — the touch-pads don't work: they stink.”
+ The computer screans wers hard to read. The screen was so light you couldn't find the

mouses. it's hard to manipulate and use.”

it seams clear from thesa commants, that we were at least on the right track with what we
had built, but wa needad better machines for impiementing them. This is not surprising, as wa
haxt 10 rent uted computers at the iast possible mament, and nad no control over thair quality.

When asked about the instructional design, studants had several ideas about how to improve
the project. Mapping was the first big area (p- 6):

« “| don't object to building map skills, but | object 1o the repetition of i."

s “The compuler map just sat there, and wa copied it, a boring axercise. The pace would
have been quicker il the computer had beaen programmed to permit plotting we had to do
by hand."

=  "Pmvide masters that locate coordinates for all points and then give students

opportunities to pick and choose coordinates they want..."

Clmarly, we needed lo make the mapping lass tadious, and they told us how to da it Give tham
points to choosa from or plot the base map for them.
The second area was the amail functionality for doing intarviews with chamctars in the town

{p. 7¥



» "Responsas o amail wars sporadic.”
+  “We didn't receive angwars to amail and hence didn't leam the things the simulation
radiad upon amad to teach.”

« “Emai is a good ides, but it needs to be refined "

Clearly, we neaded another mechanism for students to get interview information. Students again
saw the valus, but pointed out tha glaring flaws in this year's mathod.

Thare was less consansus an other dasign areas, but we could pick up from studant
comments that the budget might nasad to ba refinad as some students struggied 1o understand the
coat of their activites and the fracking of the budget.

Whan asked sbout the instructors’ preparadness, students overwhalimmgly confimed the
offects of poor training {p. B):

s “Lab instructors were poodly informed.”

» ~Tha insiructors didn’t aiways know how to use the program. You'd ask questions and the
ingtructor would spend twenty minutes trying to figuré out how to da it. Similary the TA's.
it waun't their fault, they hadn't been trained, and thay were supposad (o be teaching us.

»  “Laboralory instructors were not comfortabie with Brownfieid Action, and did not atways
support it

«  "Lab instructors didn't know what they were taiking about; axplangtions wers sometimes

poor and ambiguous.*

What was interesting was that at least some students realized not only that tha instruction
was poor, but that it was nat the instructors’ fault. It was our fault This commeant was 3 Cug we
missed back then that shows parceptivenass on tha par of the students that we should have
taken more advantage of throughout the yaars of the project.



Whean askad about the organization of the course, atudents told us whare our miklakes were
right from the beginning, atarting with the lack of goals and objectives (p. 10):

* "A statement is need up-front of the goats of Brownfield Action.”

= "Wea naver really knew or undarstood what the goals and objectives were__."

= “The introduction to Brownfield Action was limiled to ‘Wa're starting Brownfiald Action and
it't gaing to be big.' That's alll No overview was provided to give us & sense of where the
simulation was going.”

+ “Explain whai students are to do and why.”

« “Teil ux what's going on”

+ “l didnt understand why | did what | was doing.”

» “Brownfiald neads siap-by-slap instructions. It ralies too heavily on the instructor ”

Obviously we had not properiy oniented them to the project as these coOMMents woana achoed in

avery lab.

When it came 1o the discovery process, thay had ideas for improvermant as walt {p. 11):

+ “instruction shoukl ba organized sa thal we have an opportunity (o discover more
things...”

+ To get the point of Brownfieid, we needexd to analyze/hypothesize move often than the
tast session. We didn't talk throughout the course about what the points we were plofting
maant.”

» "l foit | was doing busy work without Interpretation.”

« “No analysis was encouraged, to heip us to igure out thinga, like what the taxins weare,”
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Students alao went back to the mapping as 4 sourcs for the (ack of analysis/discovery (p.
11):
+  “You get 80 hung up gatling the map to ook batter and getting it dona that you forgat
what the point is.*
s “Lab work and quizzes appasrad to focus on leating 1o make batter maps rather than
undertanding. Students got ton caught up in details.”

A composite student constnuction of the experience might be summarnzed as follows:

The simulation is a good idea and interesting. The technology generally worked, but we
could use batter machines and sccess oulzioe of iab. The project needs axpiicit goals, The
instructors need training on the software and how (o guide 8 discovery process. Bacauss wo
spent 30 much time on mundane and tedious mapping and other datails, we often iost our
coninaction to the analysis work thal was tha point of the project.

S0 avan though we did not giva studeniz any goals and we provided poor inatructionsal
support to the [ab inastructors. students still found positive things to say and did sae the paint of
the axercise, sven if they did not reaily expariance it in full. They knew they wers guinea pigs.
and ihay fought through it and gave ux plenty to work with the next year. | would like to Ronot
them all with purple hearty of valor for putling up with us.

Bob’s recording of Dr. Bower, Jon, and Diane’s comments can also be looked at for more
inmight info the first yesr.

Dr. Bower was imprassed that CCNMTL and his inatructors even gat the implamentation
of the: project in place and the students survived it without mutiny. Ha stated that students got
more this year than iy past years, especially in areas of groundwater, toxics, and human heaith.
He knaw tha students needed access Lo the project outside of lab on Windows machines. Ha
neaded 1o understand the simulation betier himselif and use it to better integraie his nchures.
Bacsusa of the workioad he had, he was weall aware that an aitemative io the email featurs was
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neadad and ha had heard from students and Jos, Diane, and myself that the maps were just too
much tedium. Stil, he thought the simulation was temific and had lots of potential,

Diang beligvad siudants laamad mova han in year's past, and she was surprised by the
degres af success givan the circumstances. She saw betier student engagement as a result of
the computer use, and batter attention and focus on details than in past ysars. She liked the idad
of a real wortd problem and the fact that it falt authentic. Diane alsc pointed out the nead for an
omal atemative. She also requested more supplemental materials surrounding Brownhiedd
Action to support student activity. She feit supported by CCNMTL throughout the samaster,
indicating that it macde it possibie to keep going with the impismentation weak aftar vweek.

Jog was less complimentary averall, but saw that students (aamad somaething a1 the end
of the semaster when thay got into tha drilling portion of the project. He feit the Groundwater
Project did a better job of providing oppoctunities for succeks throughout the samester, rather
than students having to wait until the end. Becauss of that, and the fact that sludents producad
longer reports, he aaw the Groundwater Project as a batter method. Stl, he thought the
computers enhanced leaming and that the design of the simulation was goad. Joa picked up on
the accass problem and identifisd that atudents struggled with the budget component. Ha was
complimentary of the suppoft recaived over the semeaster, but knew he needed more instruction
on the use of the computer, and wondernsd if there was a technical background required to be a
good teacher with Brownfleid Action. He thought thare were good linkages to the lecture, but that
attendance needed o be emphasized more in the iscture so that students could get tha cluas
they neaded from A Civil Action and the lecture content.

Taken ingathar, the commaents from tha instructors pointad to 8 few key recommendations:
»  Train the imtruciors batter. Maintain good support lavel.
+ Fix the mapping, emad, and budget components.
« Gel studants to atleand mors lecturas,
v Provide opportunities for student success throughout the semester, not just at the and.

= Provide more supplementary informition o students to support their wark.



Comparing this list against the student list and my list, thay are all nearly identical. The dlrection
ta head in year two was clear. Or was it?



CHAFTER I
Year 2: Rebuiding, Renewing

Proposal for Version 2.0

Brownhwid Action became the first CONMTL projact 10 compieta a developmant cycia
with an evaluation. At that point it was not clear what 1o do naxt beciuse we ware at the forafront
mmmmkn;wnwmdnunﬂmmr. No one had decidad what happans 10 8 project after il is
svaluated. Ona thing that was dear to Dr. Bower and me was there was much more 1o do on this
project.

In April of 2000, | proposed to CCNMTL managemant that we develop Brownfimid Action
2.0, an upgraded version of tha orginal simulation with saveral new components and
improvements based on what we leamed in the past year and that we ran out of tima o include
the previous year. The new version would intluce tha following major additions:

» Natworked dala storage (o allow students io slone their progress on 3 sarver so thay
could work from any computer with & cd rom and a high bandwidih internat connection.

This upgrade addresaad the students’ concam aboul not having enough time and being
locked into uking the 3ame computer avery weak. |f we could find & way (o store their work
cantrally instaad of on the local drive, they coukd work on this project twenty-four hours a day

saven days a week if they had a computer and connaction in their dorm room.

s A moce robust historical aaction with characters played by actors who live and work in the
igwn and are avadable to mxpond to sivdent guestions via vidao.

s A town newspaper that reveals clues at kay paints through the semester.

s An expanded municipal complex with additional locations for gathering historical
evidence.



v Key documents that provide evidence and clues for the hislorical portion of the
investigation.

Claarly, students needed quicker and batter feedback on the story going on in the town
a% they wers proceading with their investigation. We had planned all along to develop characters,
but couid net da it in tha time allowed tha first year. tn order 1o provics guidance about whvere (0
proceed with the planned larger historical section, 8 small local newspaper that occasionally
containgd articies relevant to the invastigation was also proposad. Environmental investigations
always involva inferaction with city and state governments. To provida more authenticity, we
planned to implamaent an additional et of iocations within the municipal complex with characisrs
that coukd ba visited. Soma of these characters would be able to provide documents that could
sarve a8 avidence in the invastigation,

s  Additional test data and testing taols for i more complste investigation
+ A certification procadure 1o ensure stucents ars knowlecgeable about testing tools before
they are usad in the study

We ran of out ima in the first yaar before we could introduce additional 1eats such as

excavation and measures that would prevent a student from testing on top of a building. Wa alzo

plannad to implemant the quizzes and a practice map area for leaming about the testing toois

and cartifying that they had the knowledge newded o run the test proparly.

+ A more robyust reference seclion with comprehensive info on all laating tools

Wa neadad ip completa the refarenca matenial that was not compilated the first year.

« Animproved interface for aasier aavigation, mors intuitive user contral, and more reliable
performance



+ A claarsr and more authentic map

Wa nesded to spend much more time working out an improved interface for mora
intuitive use by the students. Tha most crucial part of the intwface would be the map, which
neaded B cieaner claarer look and much more datait.

Theae upgrades would take the application from a functional prototype with many gaps to
a full-acale application. it would require a major develepment effort with the participation of
almost avary staff member at COCNMTL as well as a levei of coordination yet 1o be attemplad by
me of anyone sise at the Cantar at that point in tima.

Savelopment
Brownfleld Action 2.0 bagan with apecification work in the spring of 2000 oullining
averything proposed in great detail. Onca that was compiate, work began on several fronts
simultanaoudly.

Networked Stormge
David Van Essaistyn and | knew that Director came with an add-on packaga knowr as

the Multi-Usar Sarver that was designed to network 8 Qirector application. It came with several
capabilites, one being a simple database program that could store user account information. As
a proof of concapt, David weas able o change version 1. of Brownfisid Action 1o stome information
on the server instead of iocally. From there we waited for the rast of the upgrades o be
completed before craating the new master prograrm.

Historjcabidtory
A student asaistant, Kelly Koscuiszka, was instrumental in creating characiers for all the

locationg in the town. These characters wers dasignad to rexpond to a set of nine questions we
daveioped that students would commonly need i ask in order to deduce the causality of any
contamingtion problam they found. Soma of thesa questions were reworkings of the questions
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students had asked over email the pravious yaar, while othérs were derived by us. In all, we had
forty-nine characters. We choas five key characters with the most crucial information (o be
videciapad using actors. Wa got CCNMTL staff to volunteer to play these charactars, daveloped
scripts, scaoutad locations, and used the newly CCNMTL formad video leam to produce thase
vidaos rather than me doing it mysaif as | had in year ora. The rest of the characiars were
simulated with photographs and text responses. Ona of the questions & charactar was
progranmad to answer allowed that character to provide any documentation that could sarve as
avidence of something thay said. For the nine chamscters that would provide documantation, we
altered real govarnmeant forms and parmits. Tha characters’ answers and their respective
documants would serve as the siory of tha town that stucents would explors in conjunction with
the data model, The basic plot for the atory is that tha Salf-Lume Corporation ilegally dumpad
radicactive waste (tritium) into their seplic system in order 1o cut costs. Some fommer empioyees
in the town Iry 1o cover up this information while others are more than happy (o reveal varous
rumors and tidbits of knowledge that serve as clues W what took place. There are aiso red
hermings and subpiots inciuding a contamination problem at the local gas station as well,

Once tha Phass One reports werg tumed in, students would be instructed to move on (o
a Phase Two investigation govemad by the Envirconmental Protection Agency. Student leams
would work together sharing data in order to reconstruct the plumes of contamination they
discoverad with howaver much tima was iah at the and of the samaster,

Kaily aiso wrote five newspaper articles that weré rslavant 1o the investigation that wouid
be made available to students at key points during the semester. The artictes added a
chronological element to the story as information about relevant avents taking piace in the town
would be reveated over tima.

We did not remove the abiity to amail quastions in o for Dr. Bower 1o reapond to. In fact,
we wantad 1o retaln that flexibility, and hoped that the questions students asked charpciscs in the
icrwmt would be mors sophisticated bacausa thay would have nscaived baskc information from the
programmad-in quastions and aniweors. Kelly was kept on staff for the fall to heip respond to the
expacied amai questions in an affort to eliminate the daiay in responding to students.
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Teata, Tools, and Quizzes

Wa made comections to arors in the data that we picked up on the first year. We added
an Excavation text that essantially allowed » student to dig up a ten-foot squarg plot on the mag
to look for objects buried underground. This test reported back it messages simiar to the metal
detaction and ground panatrating radar tests and was crucial for students to verify thisi
prasumptions about something detectad using one of thoas noninvasive texts. We also added
measures to prevent students from being able to test on top of buildings, added more
undarground objects that would be presant in this type of town, all in an effort to add more detail
and authenticity 1o the simulated task of testing.

As plannad, we also added a certification procedure for tha use of asch test that sarvad
as a chackpoint. Before a studaent team could use a teating tool in their investigation, they
neaded 1o take the cadificalion quiz. We detated for soma time about what percantage score, if
any, a team needad to achigve on the test, bafore they could move on. Because wa had no way
of knowing which student from the team did the exam, or if thay did it together, Dr. Bower and |
uitimately decidad we would rely on good studant intentions and not requine a percantage. If a
studant team performad poorly on the taat, thay wouid knew that they could be held accountable
for aimilar questions about the tests on actual iaboratory quizzes that counted towards their grade
and they would still bs aliowsd to mova on. This ended up being a poor chowe on our part as will
be ravesied in the evaluation.

In addition, we applied some of the traditional [ab exparimants to the simulation. For
axample, studentt would nomally do a soil sediment analysis lab to see how diffarent chemicais
ﬂmwmatﬂummwwmdiﬂuuﬂmmhmudmmmmmwm
sod. Students would now be told thay were testing a soii sample from tha Seif-Lume aite and that

they should use the results of their expernents in their ongoing investigation.

Reference
In vergion 1.0, the limiied refsrencs information was contained within the simulation.

Thinking that we might want to update the reference material more frequantly than sach new



issup of a od rom, wa moved the reference information 1o the web. Wa also filled it out more
complately and linked to real online resources that sre available about tasting tools provided by
actusl companisa that rent and service aquipment (Figure 12).

Figurs 12 Screenshot of Refersnce Website showing background information on
Magnetomelry and Metal Detection.

intecfaceMap
Wae hirad Marc Ackerson, a Columbia architecture studant, 10 develop an improved map

{Figure 13). He came through beautifully with a high-resolution varsion of the map that we could
buikd a Zoom taol on top of. We aiso chopped the map up into individual propacties (o provide an
aasy method for students to plot the buildings onto their base map. We hopad this would remove
some of tha tadium of tha mapmaking procass, but atill forge studants (o get 10 know the [ocations
veary weil. Wa were not interested In accommodating students entirely bocause we bellieved their
was 00 batler way to demonstrate bagic understanding of what was representad on the map than
to have to draw it.
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Figure 13. Zoom-in screen ahot on map with inset full map.

We hirad David Sun, a School of the Arts student, o design and impiamaent a naw
intarface and to lead the programming of the new version (Figures 14-18). He did beauliful and
reliable work but was not abie to mest the iate August deadline. We were delayad into late
Septamber, so the project started late and did not leave adequale time for training or focus on

implementation.

Fiyure 14. Screenshot of Account imlerface in version 2.0.
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Figtire 16. Screenshot of a visk within the Hixiory portion.
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Once developmaent was completad, | was very satisfied with what we had accomplishid
on the design side. Wae had been abie 1o impismant all of the propoasd changes, and since all
the changes came directly out of the Tesdback wo got from tha previous year, | was anxious 1o
saa how much improvemant we had made. Stil, | had yet to fully realize how aven @ much
improved simulation application wasa only one factor in the success of this course.

Inining/implementation

With what |ittie time we had, | quickly tried (o get Joa and Diané up to speed, but knowing
what happenad lLast lime, | tried to avoid the trap of teaching them didactically. Unfortunateiy, this
did not work, because | could not motivate them to study it and report back to me the way that we
wanied students to procsed. Joe and Diane did not see any benefits io going through the project
on ihair gwn Decause thay had survived last year. Again, Jos and Disne wantad to move the
siudents » (ockatep, so it was almost like starting over irying to get therm comforiable enough ta
lat students go about axploring on their own. This was frusirating because | knew | could teach a
graat lab with what we hed produced and it seemed unlikely Joa and Disne would ever gat as
comfortable as we nasded them to be.

Wa diad agroe eary on that if we noticed a trend in student behavior or if our tentative
plans ware not working out, that we would act. We noticed that atudents were not making good
progreas on the project, and basad on the amount of work we knew remained, we wondered why.,
Dr. Bower realized that students were waiting for his axams to do anything. His lecture
curmiculum had two mic-terms and a final exam. Up 1o the first exam, siudents were slacking off
until the (aat minuts, whan thay started showing up for class again and cramming for the teat. We
reglized we had to change this behavior. It was decided that he and | would intervene on the
lecture ona day, step out of the simulation, and setwief studants mid-siream about how much of a
mountain thay ware leaving to cimb. He and | explained that it was not poasible to compiate the
simulation and get anything out of tha axperiance through cramming it all in. it waa our belief that
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studants needad to pace themsstves and work through the procass steadily in order 10 recarved
tha full banefits of the simulabion.

This was & breakthrough moment for Dr. Bower whan ha realizad that the structure of his
lecture did not support ths kind of suthantic exparience he was trying to foater in the lab. The
lacturm rainforced waves of aclivity around the exams, and a aiacking off between exama. This
Cycle was camying aver nlo the (ab work as wall. We agreed this muat change the next year and
Or. Bower decided the midterm axams would be eliminated the next yaar and ba replacsd with
weeily quizzes that would enforcs progress on a waakly boais.

A breakthrough moment for me came about around this same e when | verifisd what
had come up in a couple other Canter projects. Dave Van Esselatyn, one of the programmens for
this projact, had been working on another project called Third Spaca and come (o tha raalization
that it was much better for faculty to demonstruta prohciency with our projects 10 their atudents
than for one of us to coma inlo a classroom as & outsider and demaonsirate the tool. Having an
outsider damonabrats toois devalues the importance of the tool and does not give studenta
confidenca that the faculty seas it as important and useful. | had seen this happening with a
projuﬂlwwrkhgonnﬂmmﬂu.ﬂnﬂyw,hutlmalizndduringmilyw'simplrnﬂntnﬁnn
that this was also trua in the laboratory with Brownfield Action. My mare presencs in tha lab was
devaiuing the project as Joa and Diane were constantly defarring to mae and yndarmining thair
own authority in the class. This made students question the instructors’ competency and mada
them ioas confidence and angagement in the activity. | knew that | had to divorce myseif from the

lab in the coming yedar.

Evaluution
| usad Bob 33 B resouwrce back at the proposal stage to validate the list of upgrades we

wanted 10 pursug. Bob was sager to be involved in the entire development process. His first
mmmwnr.mmlmumtmmmmfwmmﬁmmm-m.mm
was a good thing. The statements wa made about the goals along with the feedback we receved



from year one would serve as an affective and logical guide for yaar two's davelopment and
avaluation,

Sinca the point of the introduciory courts was not Lo train students (o be environmenta
investigators, it seamed more apgropriate to state the goals more genarally. We agread that
students who sxperiencad Brownfleid Action should be abla 1o axplain their approach to the
solution of a sclentific problem by

+ Deacribing the stratagy used to discovar contamination sites in Brownfisld Action

» Identifying and explaining the outcomes of the anvironmental tests they conduct and
related information, making recommendations and demonsirating awareness of the
consequancas of thair dacisions

+ Drawing infarences from data about structures that contribute to snvirpnmental
contamination

» Describing a mathod or strategy of exploration that was abandoned and explain the
avidance for why it was abandonad

We also wanted to state more indirectly our hopa that students woutd:

» Raad articles on acology with different ynderstanding, interest, and parsonal commitment
« Appreciate that real world decision-making about scalogy involves ambiguity rathar than

cartanty

Once implementation was underway, Bob and Laori Ramasy, another siudent asyistant,
again ran survays, focus groups, and interviews at the end of the semesier with everyone
invotved o try to get & sensa of what we accormnplishad with varsion 2.0 (Highsmith 2001). Thay
claimad that the majority of students did indeed demansirate proficiency with desezibing their
solution 1o tha problam of Brownfield Aclion through their excellant written caports and maps, hat
again surpassed the accomplishments of students wha did GWP and last year's group who used



version 1.0. Student responses (o survey questions and focus groups again centened on piaces
of the courss that fall cutside of the technology. Students wem primarily critical of the lab
instructors Weaching strategies and the lack of connaction batween Brownfiesld Aclion and the
acture.

Most students enjoved the axparience and felt t worthwhila, but the complete course was
atill acking in cartain arsas. COur improvements to the map and interface, the ability to store
mmlhn.mmm.mmmaﬂwmmmmgmmhmwmr
ability 1o proceed through the investigation more smoothly than in the previous year. However,
students stilt could not live wilh the delay in responsas to email questions. It was as if the basic
questions provided stivad thair intarest and made them more reilant on the email. Even though
we had Kally hired on to assist in responding, she and Dr. Bower coukd not keep up with the
bombardmant of Guestions that pourad in over the semaster. Students also were nol satisfied
with our cartification procadurs decision. They quicily realized that they did not have to achiave a
nmdlmmtubmﬂnmrﬁﬁldfnrntutMtlnmﬂbummminnlﬂlbulym.which
thay appropriately did not appreciats having to do.

Thare were no substantive caquaats for technical changes to what we had buit. Thare
wath minor corractions to be made whera students ran into data errors, and some students had
trouble logging in at the beginning of the sameater (we comacted that with a patch to the
application that wa distributed vis the course website). But in sum, ail the areas for impravement
focused on othar aspects of the project ather than tha lechnology companant.

Reflecting on the Cvaluation
Tna avaluation of tha second year demonstrates more avidence that a Design Resaarch

process would move us in a batter direction. This timea we ran into what CCNMTL now knows to
be a classic probiem; that is, what happens when we do most averything right on the production
side and the facuity member and supporting cast am not able o cary it out effectively because
wat put minimaé fime into the impamantation.



The first year we focused the avaluation on the digital snvironment we daveloped. This
sacond year we evaluated tha whole counss, but since we did not do anything o improve the
inatruction or curriculurm, wo 3aw no improvemant from the year before. it should not have been a
SUPrisg.

Again we were siill making mistakes not involving the 1ab instructors in the developmaent
process. Wa atill had not leamed that and now it was too late, 3ince we had no regson to 0o More
substantive developmant on the tschnology side of the project.

it was unfortunate that our avaluation did not formally tag into the issues regarding the
students’ study habis and the lack of lecture-lab integration as that was & signature moment for
changing Dr. Bower's approach 1o his leciure. It also did not cover the issuas | raised about
CCNMTL staff member's involvermaeant in demonsirating and hovening over projects. Wa neaded
an svaluation proceas that would pick up on thess bits of wisdom, and wa stll did not have it.

More than any of this, the svaluation, as with all CCNMTL avaluations at that point, was
still focused primarily on student and faculty perceplions of learning, rather than looking for actual
avidence of leaming. Bob and Lori determined that about three-quartasrs of the students thought
thay could make recommendations based on anvironmental teals and De awars of the
consequences of their recommendation. Thres-quarters aiso said thay thought they could draw
infarences from date about structures that contribute to environmental contamination, and over
half the class (S57%) thought they coulkd (or did) descniba their siralegy for discovering
contamination sites. Nearty threa-quartars (74%) thought the project succeeded in helping them
appraciate that real-worid dacision-making about acology involves ambiguity, and nearly two-
thirds (65%) say thay reed articles on ecology with different undarstanaing, interest, and peraonal
commitment bacause of tha mxparnance.

Thesa posiliva results hinge on what studants think thay know, not what they actuaily
showed evidence of knowing. | realits thess concepts are difficult to determine, and the iiterature
1 referred to earior backs up this assertion. Still, we did not as yet know much about what the
students wers raally Qatting from the expenence
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Bob and Lari alxo iooked at students’ parcaplion of skils and knowledge. Whila students
rated thamasivas as having shown significant improvement in all areas sxcept working with
othars on a team, which thay ratad high on the pre-test and post-test, we did not look ut thei
actual performanca on any tests on contant to sare if this was trua. Tha only ofher factor we had to
look at were tha reports, which did show batter analysis than tha year prior (in Lori's opinion).
The criterias for the report analysis wers not mades explicit however. All we have from Bob's writing
is ona paragraph stating generally that students did a beiter job of ntegrating mathematics and
understanding the vuinerability of the town to the problem.

When students were asked about tha axparience as oy waro a3t yaor, thers ware a
couple shining commants from students who clearty benefitad from the project and saw the point:

It was reaily close to what you would do in the réal workl and that
miade it mons exciting. The usa of bath quantitative and
qualitative data made it mors textured. Not knowing the struchue
mada it more axciting. Investigating the information was
overwheiming, but in the real world that's whist you gat. You
have to sift through it and pick the sssential information from the
insasentisl information.

Highsmith 2001 p.4
its hands-on. Tha focus in not on leaming the content but on
lsamning to solve problams. | understand what it means 1o
corduct environmental tests snd how 1o do them conzidérably
befter than if someons told me about them. Brownfield Action
was frustrating the way fisidwork in the real world is frustrating.
The simulgtion made things a lot mom interesting compared with
lsaming thesa things from a textbaok.

Highsrnith 2001 p.7

Not all the commeanis wers this ahining, and it was clear there was still much mors o be

done on tha curriculum and training side. We stit had comments regarding the onentation o the

project:



Thay shauld tall us ai the beginning that all our labs would haip
with the raport at the end of the semaster.

| think in the beginning we were toid i assess the site and sign a
coniract, but wa plunged into the projact without really knowing
what wa wera axpectad to produca at the end of it.

Highsmith 2001 p.10

Clearly, we still had work to do to get some students started on the right path. But then
averall, we had problema getting students to realize that uncertainty was part of the process.
| didn't realize that the confusion | axpariencad is part of the
reality that Srownfield was simulating. | wanted a list of what to
do, and | naver undersiood why | couldn't have it.

Highsmith 2001 p.10

This student sventuslly figured this out. but points out that had she known it all along, sha
woluld have bean batter off,

fob and Lori's biggest recommendation, which | suppaorted, was that we should Craate a
strong sat of support materiais to help students and instructors move through this complex
exparience. It would hiave (o be constructed carefuliy to pravent the axparience from becoming
too didactic. Thess support materigis should include content from the lecture, and thi lecturs
ghould directly addrass tha projact.

At the end of yaar two, we had a naarly compiate digital environment. Some students
seemed to have had a positive experianca, while others were atil not getting the point. Some
tmchinical issuas remained to be hammensd out. Most of all, we had a need foc still better raining
and Support Materiis and conNection betwsen avarything in the course. Yaar three would ba leés
tachnical development and much mons work on the other aspacts of the course.



CHAPTER IV
Yaar 3. Following the Teaching

Again, we were in new temitory after the end of the second year. Brownfisid Action was
the only Centar project 19 have completed two development cycles with two avaluations. The
sacond svaluation made tha casa that, from a production point-cf-view, our job was rearly
compiste. The remaining work nasded to be concantratad on the curmiculum and instructional
tachniques. Using this peoject as 8 model, CCNMTL was beginning to realize that in order for its
projects to be successful, we had to get ruch more involved in all aspects of the coursas that

Wars uling our prolacts.

EreposaliOevelopment for Version 3.1

Bacause | did not plan on making substantive changes {o the version of the acftware we

had created, | did not proposs @ version 3.0 of the software. instead | proposed minor changes
that would take us from 2.0 t0 2.1, The largest of tha changas ware 1o.

s Move tha certification from the simulation application to the web with tha refaerence
materis

Tha certification process did not work as intanded using the good faith of the studants.
We falit we neadad individual accountability for the exama. By moving it out to the web, we could
ise 3 diffarent system to track individual students complating the axams. We still did not believe
requiring a particular porcentage on the exams matchad weil with the typa of experience we had
created. Howavar, this time we sat up the exam systam 50 that it would tedt atudants when an
SEWET Was incoimect, and require them to go back and cormect the amror. (n this way, the infention
was that avery student would and up knowing all the cormect answers by the time they completed

the axam.



» Modify some of the character responzes to riduce email onslaught

Adding the character nlaraction led to many, many email questions that the response
leam could not keep up with. To prevent frustration, we dacided we would madify somes of tha
character responses to reveal mora information, and thus allow students to compiata the
historical portion of 11 invasugation with minimal need for smail. We aiso decided 1o increase the
cost of sending an amail question o discourdge avaruse.

in addition o the software, Job and Disne would fomiaily dedicats time to work on the
project aver the summer with Dr. Bower to becoms more prapared to taach with the simulation
and 1o batter integrate all the components of the course, including the lectures. Thay agreed to
create a teacher's guide for tha lab, and Dr. Bower was going to modify his lectures to better ahgn
them with the order of eventa happening in Brownfiald Action. [n addition. | took substantial time
radevaloping tha student manual, s that a salf-motivated student might be able complets the
axperience with minimat assistance from the iab instructons.

Iaining/impiementation

This year, | ¢id minimal training with Joe and Diane since the simulation appilcation itseff
was virtually unchanged from thé yaar bafore, and they had worked cut a plan for the complate
semaester on thair own that they were comfortable with. Wa had several discussions about the
importance of a proper introduction to the project and allowing students to drive the project
forward,

ThqplanmfummwmmanQmphhmnmrwimnoinputﬂum ma,
tachnical, pedagogical, or otherwine s0 that | woukd not undermine their authority in the lab or
ihair confidenca in thair approach.

Evalygtion
With Bob's departure from CCNMTL, the Cantear radlized that it was impossibie to ask
one evalualor to effectively understand and manage the resaarch work of 50 many projects. In a
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nirw eXpeciment, an army of graduate students was hired to work with Pater Sommer, the
Canter’s Director of Education, as evaluators, Bruce Strothenke, a Teachers Collages doctoral
student, was hined Lo ciuTy out year three's evaluation for Brownfieid Action {Strothenke 2002).
His facus was almost entirely on the instructional techniquas used with the simulation since wé
were confident from the prdvious year that the tools in place wera adequataly devalopad. He
spant ench week obsarving the labs and lectures focusing an Jos, Diane, and Dr. Bower's
approach, kesping just a minimal aye on the technology. He also did end-of-semestar group
intarviews with four tha eight Iabs and had all students fill out surveys.

Afer a faw observations, it was ciear to Bruca that Disne had made substantial gains in
har ability to run the simulation as we intended, while Joé had not. Bruce ciles saversl
obaarvations of Diang providing context for shudents when presenting matenal such as Darcy's
Law, ihe mathematical squation ysed to determine groundwater flow. Diane properly connected
the reason students had to lam this law 1o i use in datermining whare to drill by predicting how
fast a chemical might be traveling underground in the simulation. She did tha aame with the
conlour maps, citing that neat, claary drawn maps woulkd b assessad as more professionsl, and
that it was an imporiant task for anvironmental consultants to know how to do. By providing
explanations tied 1o tha laarning activities in the simultation, Diane was able to increase
enthusiasm for the work being done and reduced complaints about the tediouaness of the
sxercise. Bruce's surveys show that students in Diana's labs had fewer complainta about the
maprmaking than stugents in Joa's labs. Joa chase not (o connect the lab axercisas 1o tha
simulation even though he had excallent command of tha procedures needed to complate sach
axerciss. For exampie, Jos demonsirated a ciesr ability to teach students how to create contour
maps (batter than Diana), But ha did not give studenis a reason for dong them well beyond,
-...b# neat bacause thess maps are graded,” (p. 7). This lechnique tended o0 craate resentment
among the students about doing the tasks.

When it cama 1o offering guidance to students about how to proceed in the simulation,
Diana offered a8 much or more aysistance than necessay. Bruce cbasrved that students felt
very comfortable working in har labs and she clearly daveloped a solid rapport with most of her



atudents. Joe tended to encourage studantx to think for themaaives and pushad them (o try
mathods bafors he would intervene. Howevear, Bruce never chearved him praising students for
good performance, and ha tended to foster adversarial ralationships with students that made him
AO8M unapproachable.

When it came o reflacting on their axperianca in the labs, siudents appearad to not
distinguish betwesn Joe and Diane, rating their experiance doing the simulation equally on
surveys no matter which inatructor ind their lab. These findings led Bruce io believe that parhaps
the simulstion stood well ancugh on itk own that even with minimal guidance, students siill had a
worthwhile axperiance and anjoyed it in the meantime.

Bruca aiso survayed students on a number of aspects of the coursa that we had
avaluated in the past. Just os Bob had in the previous two yesars, Bruce determined that nearly
ail studants feit thal Brownfield Action was a worthwhile expariencs that aided their lsaming.
Students often commentad that it made the material morw like real life and gave purpose to

leaming the content of the course.

Some of the comments Bruce collectad include (p. 13):
s It helpad my understanding to actually apply the course material.
» The simulation neiped ma visusiize the contamination and iw flow.
+ Because d was handg on, leaming Telt like less work (than in other courses?).
= |t was very interactive, which halpad me leam,
« |t made laaming more anjoyable (some even said “funl”),

= BA pravided an overview of the whole course, plus how 10 run a company.

Five of the ninaty-two students he polied disagreed with the above commaents, citing:
« It was a lot of tedious busy work, spacifically the maps (3)
» | am not a vizual leamer, 30 | would have laamead mone from & text. (1}

+ By focusing on so many detais, the big pichure wak lost. (1)
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Bruca aiao thed to delermina frorm the students now connacted the lab and lechure parts
of tha course were. Comments from students included (p. 14):

+ | didn't undarstand the lecture matecial until | got to lab.

» Matarial prasantad in the lechire was made real in the |ab.

s | lsamed more from the simulation than from tha leciure.

+ it smamed iike two separale courses, oné in lecturs and one in the lab.
» The material could have been taught effectively without the (ectura,

» |learned mora from my classmates than from tha instructor.

From thase comments, Bruce states, "Laaming was taking place through coilaboration, uze of tha
simulation, getiing the ‘Dig picture’ and applying the matarial” (p. 15). He wanderad if this could
have bean made axplicit to sudents at the beginning of the semestar as a method for reducing
soma of their frustration in the beginning and middie of the projact. This also came up in his
Questions 1o students abaut the discovery process of doing a simulation, When students ware
asuudirmtmuynmmdomdm,mmtshmummmmmmmy(?ﬂoutofﬂz).

Thosa that said “no™ made commaents inciuding (p. 16):

= At limes, wa were confusad about what to do naxt.

« [ found mysalf exparimanting a lot.

. ThumwnsnntnnnughhshuctinnabnutuwairnuhthnfrmmelnbInutructorandluf&nn
had to ask for assstance.

s |'wasn't alwsys sure which information wouid be pertinent.

« [t took trial and emor, but a8 the samesier progréassad, it becama claarer.

Thesa commenis make it appear that if students had baen told that experimantation, trial
and ermor, and fitering important information from noise were important parts of discovery
learning, that thay would not have baen so troubled about not knowing what to do.



a4

Bruce triad [0 assess the new manual that had baen created. Ona interesting cormslation
he found was that students who rated the manual highly wore more likely to cite that the
dirsctions about what to do next wers clear than studants who rated the manual low. However,
this cormelation was not found whan he matched manual ratings against technical problams. Stil,
without asking studants how much thay used the manual, it is difficuit to tell how effective it really
wBos.

Through the interviews, Bruce reports several mores comments and suggestions for
improvement that did not come out of the surveys or cbservations. Tha primary student
compiaint focused on the cartification axams, which stil stuck out as meaningless buay work that
did not contribute 1o the completion of the simulation. Becauss tha questions and answers had
nothing to do with the actual performance of the tools in the simulatian, they (eamed nothing from
this mernorization and just went through the mations of complating it as instruciad.

Al the end of the coursa, students appreciated the complete experience, including tha
tadious mapmaking. Thay understood its imporance in the scheme of the simulation and saw tha
compiate dxpanence as an excellent method for appiying the course material. They universally
said it halpad them undersiand the material batter and feit they would remember it longer.

Students were still frustrated with how the projact was introduced and that they could not
sue the benefit of what they were doing until it all came together in the end. Even though we had
succesded in gatting students to pace thaiv wark and nol cram it all around the course axams
(which ward now weakly quizrax), they still did not have a way t0 gauge their progress in the
riddhe of the projact 1o knaw if thay were on the right track. Not surprisingly, Bruca recammaended
addressing thig through a better introduction schame next yaar.

Sudents remainad confused about the use of the budget. Studants did not 2ae the range
of costs of the various activities in the tools and ciaimed to recaive inconsistent guidanca about
SEETIING e resouncag. Bruce recommendad a short lecture an the importance of budgets and
a consensus among the instructors on the proper guidanca to provide shidents.
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The amai funclion within the intarviews was under-utilized. Several students who triad it
did not raceive answears and did not seek assistance to resolve the problemn. 1t is unclear whether
this function was stil needed to have a complate and authentic expariance of an invastigation.

Bruca also reported a small number of technical problems that should be addressad the

foskowing year along with the above issuay.

Reftecting op the Evaiyation
Bruca's avaiuation validated many of our earlier findings and raised some interasting

questions. We feit confident we had created a valuable simulation experience for most of the
students in the coursae. The vast majonty of students anjoyed the axpanence, s$aw ils value as an
opportunity to apply tha contant of the course, and believed it would be benaficial to them going
forward in their respactive Carsers.

Qur attempt this year to improva the parformance of the lab instructors yieided mixed
resutts at best. Diane appears to have adapted the approach into heiping students gat through
the axperence through enthusiasm and making the students comiorialie. Jos adapted the
approach inta taking a “lough love™ attitude and gatting students 1o solve it thamselves, evan at
tha cost of students fesling lost and resantful. Siudents rated the experience tha Same on a
ganeral question about tha averall experience. It seemead a combination of the two strategies
might be idaal. Diane may have made it more fun and easier to get through at the expense of
studenis discovering much of anything themselves, whila Joa made studenis do the simulation on
their own at the axpenss of soma studants sesing the project as tedious and frustrating. it is
difficult to comment on which method & ultimately better (or worse) for students. Bruce look the
stance that Diane's strategy was gensrmilly batter based on his observations and and-of-ysar
interviews because the students folt batter about what thay wara doing and mare often knew why
thay wete doing ii. However, if the students are handheid (oo much, we raally are not heiping
ihem to build discovery or problem-solving skills that they can usa on their own in the raal workd.
The question for Diane's labs for naxt year bacomes: Doss 100 much guidance and nicenass
pravent the builting of discovary and problem solving skils? Joe's method may have uitimabiy



made students work harder and get mora out of the discovery process, working topather 10
axpariment and iry diftarent atratagies. However, if thay got too resantful of tha experience, thay
would na langar really be participating in the aimulation. They would ba focused just on trying to
gat the assignment done, which might not lasd shidents to the end goal of intemalizing the
strategies thay were undertaking. In other words, thay might be discoverning. but not awsara of it or
humgitmmmhmeywnuldmmwnidmiusmm:wmtknuwmnyminminiho
futura. The question for Joa's (abs for the next year bacomas the opposits of Diane’s. What ix the
minimal amount of guidance and ancoursgement needed lo maintain student interest and reduce
frustration such that students can face the challenges of the simulation experience on their own?

As for the connaction batween [ab and lecture, it is stil unclear how much one affects the
other. Some students saw them as separste coursas, while others saw clear connections. Many
said the lactura informed the iab, giving pumase 10 the work they were aasigned io da. Others
said the lab would ba better off without the lecture, Thess results are confounding and warmant
furthier exploration if we are to underatand the importance of providing a coherent completa
course that has leciure and lab as equally valuable componants.

Wa still did nat have a way of really saeing how student thinking was changing over the
samester. Wa stil made the miatake of focusing our resourcas on interprating through
obsarvation and waiting until after the experisnce was over to ask questions of shudents. Since
studenta did not tum in any intermadiary work through the term, it was up to thiz point impossible
to gauge any transformation taking place while thay wers in the simulation expanience excapt by
talking with them, which we didn't do until the end. Summative avaluation was just not getting it
done. WQmmmmmﬂawymﬂhﬂmmmeeﬂhnsfwww
improvements without knowing any mom pracisely than in the past what students wera thinking
or leaming.

Al this tme CCNMTL waa coming to the realization that hiring outside pecple to do
Mummwmﬂminﬁ&hmﬂﬂmwmqfﬂmkmmm
wm.aymmmmmmmmm.ummmm
Myatmmmnmryominm«ganizathnmapmwhmrundmwhgmhimpn:t
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of our work. Brownfisid Action was the only project with three svaluations, and our knowledge of
what was going on in the classroom had platesued at this “generally succasaful” level without
much detall or nuance as 1o what we had dons for students. Cther projects had gvan less
confidence in their effectivenass bacauns the project managors wera not involved in the
implamentation or avaluation in any way.

Thix is whon Doaign Ressarch sufaced as a possible methodology for our work. if we
could genarats hypolhases about the challenges or goals we wera addressing with our projacts,
Design Resaarch could help us maasure for thase hypotheses through ressarch guestions
without us having to pull the projects out of their context of use. Wa could yaa tha resuits o
modify our designs and ultimately create new hypothases to test in future projects. In sum,
Dasign Ressarch could help us systematize the evaluations of all our various projects to fied
sach other in an affort to creats new knowledge. This knowladge would be in the form of working
hypotheses or theorias for the use of spacific designa in specific domains, for develaping
gonaralizad solutions for common aducational challenges across domains, and for our procasses
of frameworks for how we approach educational problems.

Thosa of us working on Brownfielc Action had many working hypothases for all the
companents bullt into the course, from the technological tools, to the supplementsl documents, o
the teaching strategias and 30 on. Howsver, we had not developed explicit resaarch questions to
address with the stucents through our observations. | hava some of them above alraady, one for
Joa's labs and one for Diane's labs. One could ask many mora questions of students wivle they
were in the experience, nat just after. For year four, these queations and othars would serve as
the crfux of a series of student intarviews | wouid do to try to leam more from what we had

accomplished,



CHAFTER V

Yeur 4: Following the Students

It was determined that the changes recornmanded by Bruca did not wasrant the axpense
of a third redevelopment cycle, 3o yaar four was implemented with the exact same simulation
anvironment and no further training of tha lab inatructors. We had set up a repeat of the third year
axperiment with a new student population and iNSTUCtors with one more year of experienca
taaching with the simulation.

Exalustion Jiratsqy
Waorking on my own this time, | decided to take tha goals of tha Brownfisld project that we
had devaloped over ihe last three years and tum them into resesrch questions that | would test
through monthiy siudent interviews with a group of sight stiudent volunteers.
Wa atated earier that atudents who axpanenced Brownfisld Action shauld ba atia to
axplain their approach to the solution of a scientific problem by:

s Describing the atrategy used ‘o discover contamination sites in Brownfiaid Action

+ Igdentifying and explaining the cuicomas of tha environmental 1asts they conduct and
raiated information, making recommendations and demonstrating awareness of the
consaquences of their decisions

» Drawing inferences from data about struciures that contribute to anvironmental
contamination

Wa aiso wanted to state mone indirsctly our hope that studenis wouid.

= Read artictes on acology with different understanding, intaresat, and personal
commitmeant.

« Appreciate that real worid decision-making about acoiogy [nvoivas ambiguity rather than
certainty



Basad on my sxperience with the project, | tied to make explicit a number of the workmyg
hypothesas in my haad for our work. Thay ranged across a series of issues, many of which can
be related directly to the goals of the project:

»  Simulations are 8 useful way for students to apply content knowledge and thus can be a
useful way to connect a course with leciure and lab componants.

+ Simulatons are a useful mathod for developing sciantific thinking and problem solving
skills thraugh tha explaration and analysis of a complex aysiem.

»  Guidanca is an important eiement in the use of simulations. Too much guidance limis
discovery. Too litthe guidance genersates frustration and resentment.

+ Humor can be a useful mathod for engaging students in a searmingly overwheiming

+  Working with & pariner on 8 simulation pravides important suppaort to an unstructured
activity and adds a realistic team slement 1o the work that is important for studants 1o
davelop regardiess of their chosan caresr path.

= Sludentz who experience a quality simulation activity will apply the experienca and tha
contant and proceases they used in that activity to thenr life

Thesa hypotheses lead to a saries of related resaarch questions:

s In what way doas Brownfield Action hatp connect the lecture and lab components of the
coursa it ix used in? What benefits do students recaive from a mors conrmcied
axpavionce?

+ Can siudents diascuss thair scientific or analytic thinking procassss and demonatrate
growth in their articulation through the use of Brownfiald Action?

s What ars the assantial characteristics of effective guidance and suppaort for Brownfield
Action at its infroductary, middie, and ending sioges?

» In whal way does humor assist novice students in engaging comphax content?
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»  How does the partner dynamic affact the benefits cne receives from Brownfield Action?
What benefity da studants recaive from working in pairs?

« Da students demonstrate growth in their parsonal relationship 10 anvironmental issues
through the use of Brownfieid Action and/or the coursa? How might e experience affect
thair real-life decision-making and approach to scienca?

| would argue that this substantiva list of resaarchabis quastions emerged from and is
depandarit on the threa years of design and implemantation completad up to this point. Dasigning
and building the project for usa in a real classroom with our constant seif-reflaction, rooted in our
axperiances a3 educators and ischnologists, opened up the posaibilities for research across a
whole range of issues that wouid have baen more iimited in 3 traditional approach. | believe this
point in this project to be a unigue moment in the study of the purposeful use of aducational
tachnology.

Ihe Perspective of Elaht Jtydents
The following testimonies of eight students were collectad from September 1o December

zmzmmmnmmwaudhmdm.mnmuufﬂw:mdunuhavnhmﬁmmdm
protect them from any potential hanm due to the candid nature of thai commentary. Students
voluntaarsd to be interviewed and wera given a smali monetary compensation. | conducted all the
interviews at Columbia University's Center for New Madia Teaching and Learning (For the list of

sample starter questions usad 1o begin the first and last interviews, see Appendix ).

Student 1: Victoeia

September. Victoria is @ second-year student in one of Diana’s labs. She iz studying political
science snd wormen's studies at Bamard. She is considering working for a non-profit organization
or gaing to law school onca she gradustes. She iy always smiling, generally pasitive with lots of
energy, good communication skills, and pitasant to talk with. Har family movod saveral times
whila she wai growing up, so she attended seversl high schools all across the country. She
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deacribas herseif as somesona who racaivad lass than adequala scisnca and math instruction in
high school and in no way ssas hersell as a scientific packon. When | asked her to descibe the
traits of a scieniist, aha said they ame logical, systematic, and they do not think abatracty, the
antithesis of how sha describes hersalf. She gels frustratad with details (also a poor trait for a
scientizt) ard calls hersalf a, “Big pictura,” parson. She ig taking the class to fulfill her science
raquirement, and she is taking it pass/no pass instead of for a laltar grade.

After attending the first few leciures and two labs, shé said, “Tha |acture part is the parnt
that worries me, the lab actuaily gives ma the incentive to go to class,” and that, “The tab part is
rasily good for those of us who aren't really acientifically oriented.. . It's not 30 difficult thal we
can't catch on but it's interasting.” | asked her why [ab was better for the non-scientist types. She
reaponded that ab is siower and theca are more opportunities to ask guestions xince it is a
smaller group of students. At this point Victoria did not see much of a connection batween leciure
and lab.

She had been introduced to the Brownfiald Astion assignment, but could not describe the
goal of it to me. When | asked her what sha might get out of the assignment, she said, “Working
with anather parson will help me develop teamwork,” and ihat the legal aspect of tha course wil
be usetul aventually. When asked abou! the prospects of using a computer in the lab to
participate in a simulation, sha said, “it raminds me of Carmen San Diego,” a popular commercial
adutainment software program. She talked about not being a computer parson but that a
computsr was nonathaiess more accessible to her than putting chemicals in a beaker and more
usaful to her in the long term. She appreciated the humor of the opening sequence of Brownfiaid
Action, and suggested it made tha axperience leas intimidating, calling it a, “Good icebreaker.”
Sha aiso said, *} foal like | have to shift gears when | go to thia class sinca | haven't laken &
SCianca course in thwee years and don't plan on taking a math coursa until senior year...havé o
ahift gaars into B diffgrant moda of thinking - like - more detuiled.” She hopes the claas will help
her deveicp, “A diffarent mode of thinking, which ¢ think will usaful to ma, have to be mom

systamatic, can’t jump to the point, see the same thing in this class.” In moat of har ather coursas,



aha takes a big pictura perspective and sha doss not think that will work in this class where,
according to her, the focus is on the detaila.

Vicioria's main early concem is that thiz is a detail-orianiad class and shae is a big pichure
parson. The introduction of the courss and project had failed to Isave a clear imprexsion of what
tha larger goals were. Essentially, she was missing the context, which is significant since she
claims to ba someona whoas strangths lia in abstract concepts and a broader perspective.

Qctober, When she retumned thraes weeks (ater, Victoria had much more to say about the
apecifics of the project. She immediately mentioned that ideas are connecting for her batween
lactura and lab with the recent focus on groundwater, She had been working on the bedrock map
in lab, but ahe could not racall the nama or the function of the lesting ool used to collact bedrock
data aven though ahe said she did wel on the certification iast for it. The laboratory quizzes,
*Heip ma focus on things,” sha said, such as the Visual Reconnaisaance. While she and har lab
partner might nat be frienaa, they are working well together by mesting regularly before lab and
dividing the wixk avenly. However, despite the work baing even, it takes Victoria ionger to do the
same amaount of work {"| have a hard time keeping pace,” when it comes o plotting points on the
maps). She mentions that Diane's guidance in tha laboralory is somatimes oo time COMNEWMING,
nut, “Sometimes i takes e a while to catch on,” 2o she would, “Rather have too much than not
snough,” when it comas 10 explanations. | asked her about the apecifica of the mapping, and
Victaria was abie to deaw a quick and accurate sketch of tha topography of the site for me from
memory. When | asked her about the difficulty of tha work, she said, "I dont think it's harg per
38, . but it's harder for me [italics added].” For Victoria, this ciass is turning out 1o be more work
thaen her other courses but she sees tha value of it. She said, "1t all ings a faint bell,” and later,
*Daing maps helps us pay mone attention to detail.....If we wersa just handed a topo map of the
factory.. would glance at it [but now] | know it inside out.” When | askad har if she and her
WMa:WMWMMMMMWMWMMMM‘SM
commentad that they are, "Trying to get what we naad to gat done done, nat thinking about
axploring other options.”



73

In lecture, the ciass s halfway through A Civif Aciion at this point, which is a slow reading
paca for Victora comparad to her other claases, althaugh she inaisted, “it's all coming togather ”
When aaked aboul the woakly lacture tests, abe sakd ahe was doing poorly on them and has
since sought out lutoring aesistance. She mantionad, “Lab is more porsonal. .. makes more sente
o me,” and later, "Sometimes in lactura | tend to get laxt.” When | aaked har about how sha was
handliing the raality of nesding tuloring aasistance, har was responsa was, “Oh my God,
frightening. Never ever in my life have | aver got a grade this low ever." However, she then said,
“It's not - like - congescanding or anything,” and that sha had bean an English tutor in the past.
She was adjusting to this biow to her prida. | askad her how it was, “All coming togather,” {a% she
put it) if she was struggling, and she sald she was looking at thingx differently and used an
axampie from her mading of A Civii Action. Sha describad a differant modae of thinking that she
was developing whaia she was, “Not looking for forashadowing,” but instead looking at, "Oh,
groundwater.” | asked her to describe this tachnique some mora and she saud, "Switching to a
diffarant frama of mind,” woutd definitely ba useful to her and ihat it will transiate into other
aspects of her work or life. She went on 10 say that shw was, “Not looking at it [contamination] as
a social probiem or a govermment issus we nead to take up....I'm icoking at it - like - scientific.” |
saked her how thia related to her concama about being a big pictura thinkar and wea startad
talking about the laciure Dr. Bowar does on groundwater. Victoria said she, “Really liked that
[wcture. . .understood it and saw its relevance.” At that moment | think she realized that the big
piciure had clickad, as she said, "It is [italics added] big picture,” at that point in our discuasion.

Al the vary end of the interview, sha said “! just want to say that | really like lab. | had
awful mamorias of lab in high school.” | asked her f this experience was batter bacausa it was
game-like and she saii it was more like a puzzia | asked if this trivialized tha work. Her response
was that, “A puzzie ian't necassarnily rivial, but it's fun. . .it's not a party, but...”

Victoria was struggling to put into spacifics how this course was helping her develop new
skills, but ciearly there wara soma light bulbs going off in her head.
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Noyember, When we talked again in aarly Novemnbar, Victexia was wrapping up har Phase One
report. She had just been performing a (ot of the historical detective work by interviewing
rasidents of the town. She said, “The interviews were 30 much fun__._Thay're fun but kind of a
pain sometimes. You can't understand what thay're saying.” Sha mantionad a struggle she had
listening to the bartender mispronounce Pleistocens Court and har anjoyment of the namaa ke
Ann Q. Ying, Anne Specior, and that, “D.5. Gruntl was really helpfui and he was raalty fun.”
Victoria accurately talked me through the story of thi town, and that she was recommaending to
the real eatate developer that he gat the factory's septic system and landfill checked out ax well
as a fire that accurred in the boiler room. She aiso said, *1 want to tall you that the interview part
mada the program Seem very well put togather. .| was vary impressed.”

Claarly, Victoria had gotten some of the context she needed out of the iown's story, and
that made many of the details fit togather for her. Sha was abla to talk generally about the use of
thwe 30il sample exercisas they did in lab in order to detamine the length of time for contamination
from Seff-Lume 10 reach the town well. Howaver, sha atill showed confugion about the relavance
of tha bedrock map to this potential flow and did not know if contamination from the gas station or
factory could reach the well bacausa of it. One small suggeation she had for the interface was
that adding addresaas to sach visit pog-up box would heip students note where they had been
and save ravisiting time and money.

Going back to lecture content, Victoria said, "With a lot of stuff in leciure. _.ha explaing it
wall But | don't always catch on. ... when | go to lab Diane clears gverything up.” | asked her for
axamples. She said, “A lot of stulff. _like the badrock stuff__but during lab while making the
map...it did heip me understand it better, actually drawing it."

Victoria's partner relationship had taken a downium since wa last talked. Her parner had
been giving axcusas for not doing ner poriion of the work. Victoria baded her gul once. When it
happened again, sha confronted her partner and while things ssemad to have since impraved,
thair working relationship was stil tenucus. One exampie was that her partner had the notes for
Darcy's Law (the equation for calculating the speed of groundwater contaminants) wivilke they
wore gway on the fall braak trying to write up the report. Still, she said, “Writing tha report,
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averything came togethar. it was good.” She mentioned that writing the paper taok naarty twice
ax long to write as a typical paper. on the ordar of one hour per page inataad of thinty to forty-five
minutes per page.

Maving on in lab, sha was wondating if a Phass Two investigation waa coming up next
and had irouble mmembaring the tasts they had uvsad that week (0 expiore the seplic system,
underground atorage tanks, and landfill on the faclory site.

| asked her again about the lecture and lab connection. She said, "The fogics relate
batter,” and (atee, "When he addresses it [Brownfield Action) directly i find it kind of
redundant. . rather have him talk about topics that will heip us with the lab than the lab itaalf.”

| anked har what she was taking away from the class and she mentionad practical things
such as, “Whaen | fill my gas tank up,” and, “if | sver buy a housa with a septic tank, Il know what
1o watch out for* 1 asked her 10 think about what she lsamed from writing tha raport. She said, it
was a cash batween ths two [modes of thinking],” and that might ba why it took longer combined
with the fact that she was intent on doing quality work because of poor parformancea on the
lactura quizzes.

Sha was stil struggling with the lecture quizzes. Sha had a new tutor who was not much
help. | asked her about the source of thix probiam and she said the quastions on the quizzes
ahould be more specific if more apecific answers were required. Her cavest was that it also
depended on who graded them.

| anked her about big pictura veraus detalled thinking. She said:

When | was writing my report it was about both bacause | was recommending

thesa big picture things but | was backing it up with small details.... the peopie

randing it don't know the huge amount of work that went into getting that small
datal.

Than again, at the end of our session she sommented:

| love lab. ... Brownfield Action tips everything together__lab gives me an
incantive (o go to ciass [lectung] but Brownfield gives me an incentive lo go to
lab. ..really impressed with how it 8ll workecd oud. .. proud of my thing [repart).
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December. Whan we got logether again in sarly Decamber, Victoria was excited to tell ma that
she did well on her report. Sha feit the way ahe organized it was the strongest part of her work.
She was surprised that people who did better on the lecture quizzes than her did not do as well
on thair reports. | asked to axplain why this might have happened. She said, “While writing it a lot
of things came togethar,” and sha was able o put her argument into her own words. She said:

| want 10 credit Diane with heiping me understand what was going on...at first it

just built up because sha explained averything from the start then at the end

whan she made it all lie togathar...sha raally went through stap by step in the

report, not like what we should write but what we should include and what we

should keep in mind while we werd writing it.

Ona congem she raised was that for ail the effor she and her partner spant on the maps, they
ware anly worth a faw points and that seemed odd.

There was nothing further 1o repert of conséquoncs botwesn har and her parthes, 30 we
went on to discussing Phase Two, $ince the lab had not had a Phase Two prior to this year it
was not surpriting to hear Victoria $ay that Diane was unclear about what was going on and did
not teally chear it up untll the laat lab. Victoria talked about daing the Drilling and Direct Push
lests, and she was unclear how aha was going to write the Phase Two memp that was due a
week later. Al tha same time, sha thought the tima spent mapping out the charactars in lab as a
group wes heipful because she had missed a couple charsctert in her interview work.

Returning 1o tha lacturs and lab connection, Victoria said, “It's definitely connected and
averything makes tong of sense.” it aiso seemad logical to her that Dr. Bower had moved on to
pesticides afler the unit on grouncwates. She was enjoying Sient Spring moce than A Civil Action
bacause, "Sient Spring gets to the paint,” and the quastions are sasier bacauye, “it's all laid out.”
When asked if tab was stil pushing her to atiend lacture, she said she liked the pasaticide content
20 sha was morg motivaled about lecture now.

| anked Victorla what she would be taking away from the course and she mentioned,
*Organic va. non-organic, things | naver would have paid attention to bafora,” and that sher would,
“Question a ot of different things that | never would have quastionad before.” As an examiple,
sha brought up the use of pharmaceuticals saying that she new asks herself, “What will this do to



me7" such a% whan she thinks about using a contraceptive pill. Instead of askuming that her
doctor i right she will now question him or her, sesk out resources, and be a betier consumer.
Sha, "Had all this laving trust in science,” befora thic ciass. She did not sxpect this changa to
happen, nor did she think she would leam a ot from this courne or 1o be able to apply what she
laamed to her life, but clearly she can and she has.

Whan it comes to Brownfiald Action, Victoria sayx sha got what she expected. Howaver,
she, “Didn't expect 1o have the light bulh moment that | did when | was writing it [the repon].” |
asked her how she might propagate mone light bulb moments in the future for herself and she
said she will have incentive 1o do . She mentioned that because of this class she is aware of
things in the worid that have to ba looked at, and that, The tools from this class | can definitaly
apply 1o ather disciplines.” Sha commented, “In other papers I've bacoma more detail oriented
instead of assuming people will caich on aventually.”

| askod her what sha would tell others about the experience and she said she has, “A
naw way of looking at tha wortd,” that she now has this, ‘Other hat that | can put on to think
differently,” and that, “Scientiats aren't always right.” | asked her io tedl me what the most
important things about environmaental acience that she was taking away from the class wers and
aha aaid, “It affects everything... it's not just recyciing like | thought. it pulls all the scences
together to Guestion and examing what you do.. .. Environmental science is really important
bacause it's in everything,” and that, “Just like | analyze gender in averything,” she can do the
some with enviccomental sclenca.

Al in all sha said, "1 don't like scienca at all but as far as digestible science, this is
dafinitely one.._not just a requiremant to gat through, something I'm glac that | togk...actually
looking forward to second semastas.”

Refiectipg g0 Victorin's Case

Some readars of Victoria's testimony might be inclined 1o say she was biowing smoke
and not belimvable, but Victors is ona of the mora nalve college students that | have met. She
rwally did think environmental science was about ecycling and did nat realize (or was nat able (0
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arficulate) that while science may pay 8 lot of attantion to detail, the goal of it is to soblve broader
problems. Victoria had trouble describing what sha meant by her abillty to think in a new way, but
in the and she was able to talk about using detailad scientfic evidence to make her casa in her
report, which she realized was a big picture argumant.

Vicioria was the lone studant in my study to say that she benafited from Diane's practice
of reviawing the lacturs material in lab. Bacause Victoria struggied with the lacture matenal, it
waa crucial she had Diane to back her up, and yat still, Vicioria had to saek tutoring asxistance to
survive lecture. In that way, it sesmas Victoria probably would not have had as successful
Saperienca in this course as she did i the lecture and lab wera not well connacted. As Victoria
aakl, it was Brownfield Action that tied avarything togather.

Victoria found the process of doing Brownfield Action fun and angaging throughaut. She
appreciaied the humor, had very few complaints, and did not sesm gverwhelimed at any point.
Howaver, Victoria did struggle with her lab partner, 83 did many students in the study. Victoria
chose 1o confront her parines after two negative incidants, and got improved parformance from
doing that. Victoria discussed one of the bast axampies of how what she had leamed from the
courss had affacted her [ife directly. This was tha most promising evidence that was she was
saying was ruthful,

Victoria reprasents a significant number of students in the course (and in universities
arsund the couniry) who have strong humanities skills coupled with an innate belief that they are
not scientista, cannot attain scientific gkills, and should genafally avoid sclence whanaver
possible. And yet, the Brownfield Action experienci, with a supportive lab anvironment, gave
Victofia a new 3ense of what she was capabia of, which can now grow into a new side of herseif
that she can draw upon ga sha goes forward. Transformative aducationsl experiences clear away
barriers pisced by years of non-transformative experiences that unnecassarily lock young people
intn beliaving in phantom limitations. Brownfield Action opened up a new avenue within Victoria
that is not tied to her grade in the course of the detalls of the content she had to use. Even if she
forgets all the details of the science she used in her epart, Victoria will not forget the confidenca
in using sclance tao make an argument that she gained through this experiences.



Student 2: Michelle

Sepiember. Micheile is a third-ywar psychology major in one of Diana’s labs. She says she
studies psychology bacause she is interasted in, “Understanding why paopie do what they do,
why | do the things that | do.” Michelle is considering a carger in law or child psychology. She
chosa to take environmental aciencs becaute 3he ook the standard scianca courses (biology,
chemistry, and physics) in high school and she wanted something new. She also identified that
anwvironmental acience o related to law, although she is not really considering environmental law
as a career option at this point. Michells is concermed about the environmant, calling harsadf,
“Crazy inlo recycling.” Sha added that she is, “Inlerestied in how people conlgminats and cther
peaple can get hurt by it Michells is also interested in aducation and spends time teaching and
tutcring at the elementary school level. She said, "1 like being around Kids because | think
Warning is o fun....| just like to find out interesting things and share them with people.” She ix
aiso fuifiling 3 schence requirement by taking this course, and sha is taking it for a letter grade.

Whaen | asked Michaille if sha saw any scientific trails in hersat!, she said, “| know I'm
really anglytical, but that dosan't have lo be science.” However, she did say she was maticulous.
detai-onantad, and good at discovering, classifying, and organizing. [n her mind, this courss
shouid be right up her alley ihe way it ia structured. Still, she noted that, "Mora than the material, |
think I'm trying to gat down a tachnique for how 1o really look at things. I'm aura the material won't
last foraver, but the tachnique might." | agked her whit ahe meant by technique and she Said:

The way Jan Schiictman {the protagoniat of A Civil Action} is... ha's kind of new

to what he's doing, dossn't know what the procedure {is], but ha's doing It all on

his own_..| just mean that wa're figuring out 2 waly to go about how 10 investigate,

what things 1o ook at, what's important, so that | mean it can be appliad ta a

bunch of different situations.

When | asked her if she saw any of the humor in the opening atages of Brownfiald Action,
she said, "1 thought it was so funny.” | asked her i shs thaught it was an important aspect of the
project or a distraction, and she said she was not sure but added, *1 think humor is an important
paut of my life.”



When asked about ysing a simulation for leaming in this course, Michalla staiad, “Whaen it
comes io lsaming, | think anything that heips you be more engaged wil help you lsam and the
fact that you're doing somathing, you'll gat somathing out of it, aven if you're trying not 10.”

| anked hor if she knew what tha goal of the Brownfisld Action project was, and she
indicated she did not receive a goad axplanation of how to start off, which aft her fruatrated. I
Know you guys don't want to tell us sl the answers but | did expact {0 be told how to use the
aquipment,” was her main feedback on this issue. One problem sha ran into early on was that
Diane seemed to be asking aach company o do tha Visual Reconnaissance tour repeatedly, and
thay were being charged sach lime.

Michella was not cramming for this class as sha might with other courses because of the
weakly quiz fermat in lacture. She describad the quiz strategy as, "Anngying, but it's very
affactive.”

She saw lecture and (ab as very separate at this point, and even within lecture, topics
sssmed disparate. Sha ciled the difference batween reading A Civil Action and shudying the
properties of isotopes and nuciides as an exampie. When | asked her to tell ma the difference
betwaen b and lecture, Michelle said, "Tha course [ecture] is more infarmational, the lab is
more akills,” and Iater that lecture, “Helps me appraciats what wa're doing in the lab...Civil Action

i really good bicauss it makas ses why the things we 4o in lab are 50 imponant.”

October, Whan Michalie ratumed a fow weeks later, she had just misxed lab, which was
supposad 1o ba on the badrock. When | asked how her partner feit about this, she aaid that she
worked it out ahaad of time and had done more of the work aary on in tha project anyway. i
asked her if she had a good redationship with her partner. Har mkponssa was, “We work
simultanaousty...we just do the work, we don't socialize.” | askad her f she was getting good
guidance from Diane. Michells indicated that she was not. She said, “The profassor forewarned
us that it was going 1o ba ambiguous.. ambiguous meant we won't know exactly what to look for,”
but Micheiis fait, “it waan't supposed io maan we wouldn't know how [italics added] to look for it.”
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It searmed Michelle was much mond in tune with Or. Bowar. She axplainad, “What ha teiis
us in ciass is mone clear than what | actuaily hear when wa get to the lab. . whan | gat to lab...it
doassn't seem ax clear.” She attributed most of this problem {o Disna, adding, “My friends n Joa's
lab donvt love his teaching style but don't leave the room any more confused.” | ssked if this
project would be going batter if she had better instruction. Her reaponse was:

| definitely think that...| think I'm very cheesy when it comes o leaming in

general. | just get excited about leaming something and doing somathing and |

fool (ke a lat of that ian't there this time so | can't gat as angaged.

Michelle had no complaints about the lechnology, saying, “Tha confusion isn't in the
buttons, it's in the axplanations you get for how to do what you're doing. * She was alao not
thrilled about the maps, commanting, "l appreciate it but as far as its usefulneas and time
commitment; once you get tha paint of what you're doing, you don't need to do it
anymora...ussfuiness of something should be propartional 1o the time spant on it.” Tha affort on
tha mapping did not saem 1o ba matching up for Michelle, She went on to describe her mapping
process at homa, where she is multitasking seversl different assignments for diffarent courses
and other personal matters. She commentad, “Bacause it's 50 much of the same exact thing, I'm
las involved bacaus it's 30 boring.”

{ asked Michedle for some more details on Diane's taaching strategies. She zaid Diane,
“Talks for a long tme but her instructions aren't all that thorough.” It is not that Michalle thinks
Diane isn't trying. In fact, it is quite the oppoxite. At one paint, Michelle saud, “Sha's [Diana] 20
sweet but | don't undasrstand.”

| maved on to asking Michade about the b quizzas. She agreed with Victorias
assassment that the quizzes were helpful, citing the quiz on the Visual Reconnaissance. She
aaid, “It was good bacause it orents you...ws didn't know what to pay attention to...made you
uss that information.”

Humer had apparently besn abaant since we last talked, as she said, *| woukt |ike to say
that | very much anjoy laughing, o if | saw any inkling of humor, | wouid seize i... Wil what

wo're doing now, | don't expact humeor.”
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Moving on to tha lecture, Michelle was more pokitive. She sakl, “I've haard a lot of mixed
faalings about Peder Bower.._howaver if you're talking about antertainment, ha's . .. He's
Ivety____i'm vary aasily engagad in lecture courses.” She stated that she looked forward to going
{0 leciure and was getting someathing out of avery class. When | askad her if the laciure wak
connecting ta the iah, Michelia said that when Dr. Bower is talking about a topic that reiates to the
project, he mantions it. On the other hand, she also mentioned, “in a way | do fesi like I'm taking
two separate courses. | really fitd his axplanations in class very thorough, just in genetal.” For
Michelle, the relevance of lecture to lab was mostly foreshadowing.

Michaile commentad some more about how imporiant A Civil Action was 1o har leaming
in this course, saying, " really like Civil Action a lot.” When | asked for spacifics she mentioned
the courtroom drama and that Schiictman was an angaging character. Then sha retumed to her
techniqua commeants from our last conversation.

in lacture the way we look at Schiictman | see in his actions kind of a technique,

when we talk about it clasa, tha things Pater Bowar talks about, it all comes

togathar, but in lab saction...) know what we're 0oing, but | don't feet like if's

anything I'm going to do again.

| asked her if she couid generalize any of tha things shva was leaming to her Iife, and she
said no, but added:

I'm totally not in 8 position where F've given up on the project, I'm very

enthusiastic about it, | am very busy...making the maps is the most annoying

thing in tha world 1o me...I'm 30 sure that onco wa're done with that [mapmaking]

and starting doing stuff with tham it will matter,

wWhen { reminded her of her comment tha last time that lacture heips her appraciate what
ahe does in lab, she was surprised and asked to change apprecista o iolerale. Then sha said
she knew the maps were important, "Bacause of Civil Action, | knaw that, if we weren't reading
that, I'd be 'Why gre we doing this?™

So far Michells was hanging in bacause of the appeal of the lecture and the novel. byt
she was (08ing patisnca with the lab process and 1o some degres, Diane.



Noyember. Whan Michetlae | and maet in eary November, she has just turned in her Phesa One
report. She said, “| feel vary relieved, very exhausted.” When asked it was worth tha affort, she
g, “We'll soe whan my grade gets here.”

| asked har about the separation between lecture and lab since that had baen a kay point
she had made the last two times. She talked about the sediment test from Iab and Darcy’s Law,
which she laamed in lecture, and sakd there was., "Overiap thers, that was nice.”

She mentioned hor favorite part of the investigation being the paopla’s names in tha
interviews, atthough, “it sasmaed somewhat contrived because the names kind of gave away...”
She talked me through her hypothesis about the factory’s saptic system baing contaminated with
tritiurm and that Shes D'Bignaz was {ikely the culprit because, “She denied it before you asked her
about it - 'l didn't do it.™

| skad her about her spending and she admitted that sha and another group shared
information to pravant having to avarspand. | asked how difficult it was to ahare information, and
sha said she mada printouts of mast of the inlerviews, axcept the video interviews, gll of which
she tadiously ranscribec in ordes to share with others.

|nmmmm.uwmmmmwymmmﬂnmnammm
physical description and usad the maps in general lemas. All in all, she 2oid sha spent batweaen
thirty and fifty hours writing the repart and that this was not unragsonable, She wongared if the
axperience would have bean improved by having different pieces of the report due at differant
times over tha semester, claiming that ahe would hava, “Put more attention into each section.” |
askad her if this might prevent shudenta from putting it all together in the end, and she said, |
don't know, | only really saw avery piece fit ingetnar fast night.”

Maoving on to Phase Two, she was frustrated st not finding much usaful data in the
landfill and not understanding the tranaition to Phase Two. Speaking about Diane, *All sha said
mmmﬂmﬂmatm.mmmummmumlammﬁm.bulwurnlly
didn't find them."

Gaing back 10 lachire, she was stk very high on Or. Bower but was cisarly crushad by the
anding MAWAdﬂn.ﬂyinu.“ldon'tmnmmtﬂkahuutiLIwuwry.mupmutlhn



ending of the book, | aimost wish | didn't read it...) couldn't juat aay oh whatever, i's not real -
ves, it isl” She was cearly very attached to Schiictman, who lost everything in the and.

Michells had mixed feslings aboul tha leciure quirzing, saying that although Dr. Bower
wan always vary clear about what would be askad on aach quiz that tha grading was not
congsisient. Har best axarmpie involved a question that ssemaed to ask for a date from the book,
but actuaily required additional information aven though the quastion did not specifically ask for it.

| askad her about har pariner, and sha said she was ralieved that, "When it got to crunch
tme we raally worked tngather.” and thay, “Talked about their ideas.” for the report.

From a larger parspeciive, Micheile had an intarssting obsarvation about how she was
going about maving through the project. She said, “Al this point I've given up waiting for
heip...I've just been ike scraping and seraping trying to figure things out mysaif and | guess that
was the point.”

So aven though sha was not happy, Michele did figure out one of my goals for the
project, which was that real life and good science are about knowing what to do when you do not

krow what to do next,

December, At cur Decembar mesting, Michelle began by telling me how her pariner had
basically abandonac her for the last lab. She was not that upsat though becausa Diane had bent
ovar backwards to make tha Phate Two assignment clear. "Sha really wrote the memo for ug, |
didn’t mind that at all, that was very ciear and tharough,” Michelle said aimost shespishly as if she
had gotten out of some work.

Whan | ashed her about how ahe feit about her assessmenit on her repon, shi said she
heard Joa graded tha reponts much maore leniently, but that she did fine anyway. She told me
some of the positive comments she recaivad included that her report was well writhen and
thorough.

| askad her if tha story of the town had become any cleansr. She mentionad that the
character mappang axercise in lab hoipad her since she didn't check all the characiers but that no
one has said if her theory about the factory was corvect or had explained anything about the



problams at the gas station. | asked her if she was satisfied with things baing left somawhat
unresoived and she said, "To me it's sufficient only bacauss | was undaf the inprossion that the
Salf-Luma factory aite was the moat important 30 to just know that somathing went on over theare
[at tha gas station] was ok.”

Michals was lass positive about iacture than she had been in the past. She was
dinappointed in Sient Spring, stating that she neaded more of a story 10 get har sngaged in tha
matesisl, | asked her if the fact that A Civil Action and Brownifieid Action werm namaiives
influenced her thinking on this. She said this was not nacassarily true. Michaile genarally finds
narvatives more appealing and that she had always baen that way.

In general she said, *I'm not pleased ...| think my grada’s going to be a ‘B." | put so much
time into it [this course].” Her disappeintment stams from her fealing that she stepped up har
typical level of affort for this coursa, and yet har lecture tast scores were most likely going to bring
hor grade down,

Whan | asked her whether or not the course mat her axpactations, she said:

| kind of got what | sxpectad to & certain extent because he gave Us a hig lactura

on ambiguity, and | for some reason just imagined we wera going to be on a

scavengar hunt in the dark. .. wea really didn't find that much of tha information on

QU OWD, W wera vary mudh like "go in this direction’_._didn't 0o any major

discovery on our gwn, very much guided all along the way.

Whan | indicated that her comment macda it aound like she did not get as much as she axpectad,
sho said it was fine because she would not reslly want anything in her grades to ba that
ambiguous. Sha said that it would have been more fun 10, “Hunt around,” and laarm more on her
own, but she is 30 preoccupied with har gradas that sha did not want uncartainty. In har opinion,
there was not much uncartanty in this project the way 2he axperignced it. | offered that Diana
tends to provide mone structure in her labs, and Michalle agreed she got more help than her
friands in Joa's labs. | asked for her recommendation on improving the guidance for the future.
Sha said, “1 wouldn't want to say less guiiance.” because of graces, but that Dr. Bowar could
minimiza the emphatis he placed on ambiguity in his lactures since it was not really true in har
BXpRtiance.



| asked Michells o compare this course’s approach o tsaching to more traditional
science coyrses. She indicatad that if tha goal is leaming, then the curent approach was
effactive. If the goal is getting & good grade, then this strategy is worsa for the student bacouse
getting a good grade in this class requires more tactics and one can not get away with working
the system a3 much as other courses. Michelle said that by the third weeik of the semester it was
claar that atudents, "Gan't aven withdraw even a litlle bit.” and survive as aasidy using standard
techniques.

When | asked her what sha thought Dr. Bower's goal for the course was, she said:

Hea said that in the baginning that ha thought.. his goal was 10 leach you things

that will - you know - go beyond the axam 30 it's not just - you know - content

driven, memorize thess facts, but - like - [8550ns in 3 38n86.._things that you'll
taker with you.

| asked her i the ciass had 1o be run the way it was dona to accomplish this. Michells responded,

Yax, aimost indlrectly. .. I'm & very diffarent student now, | feal like the way

college works, you can get by._.this returned me to baing a good atudent. ..

wasn't [ike, what do | nesd to know for the lest_._couldn't take that

approach. . heiped me as a student___| told my mom you shoukdn't use stuff on

the lawn. | call them and tail them averything like did you know....pesticide atuff.
Sha want on 1o tali me a story about how her boyfriend got sick from spiiing gasoline on himsed,
and how she was lecturing him on the various ways ona can get dosad by gas.

Her axpectation about developing a technique lika Schiiciman was not as fulfilled. She
said, “Saeing how much guidance we got I'm not sure those skills were deveioped...wa got told a
mﬁ

Whien | aaked her sbout using the computer and the simulation for other courses,
Michaie said, “It depends on e goat. ..if the goal is to discover thing on your own, leave the
computer as it is and get less guidance from Diane.” She evan offered her own teaching strategy
for the introduction to the project, saying, “This is the case, you have this contaminatsd property,
it's your job to find out how contaminated it is and how to clean [it up].” She then suggested the
instructor could give a few suggestions, but, “Then we would have beesn able to find out about

Dirwet Push [for exampia), 30 in that sense we'd be developing more skills.” | asked her how thia
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would work if several groups set off in different directions with thair investigation, but she was
confident it would not have changed what peopis did all that much. it just would have been, “More
fun.®

Michalla's cosing commanis about anviconmental science focused on the awarenass
sha gainad from the class_ She said, *| think paopie to a cartain extent peopla recognize that
nature axists.. but we realy, really take it for granted. . .the environment is interactive.. .[we are]
really, really dependent on it” | asked her what the major facior was that contributed 10 her
galning this perspective. Mer answer was not swprising. “Professor Bower, the way ha fectured,
ik M idiv't just give us information and percentages and figures, thosa kind of illusirated, thosa
weren't the focus of the discussion, he put things in perspactive a lot.” She then described more
axamples of how the lectures affected her daily life. The lectures inapirad her to go home and
check her detergent botties and to think about the nead for paople’s right to not ba poisoned (o be
racognized as other rights are in the Bill of Rights,

| askad her what the battom fine impact of Brownfield Action was for her. Michelle said,
“¥ou can have a lot of information and not have it maan anything.” Brownfisid Action, “Put a face
on what wa wera talking about [in lecture], showad you how it happenad and what can ba done,
different than Civil Action becauss there was controd [Gn the part of the student].”

One small suggestion she also mentionad at the end was to have a lab quiz on the
instruction manual to force the same kind of attention to detail on that document as the slements

within the simulation in order to reduca confusion about the power of the computer application.

Rsfiecting on Michelie's Case

Michelia was A 1ough but impartant case for this project. Her biggest contribution to tha
proisct was that she is sware that ahe uses technigues for basting the college system. Michaila's
statad goal was that thia course would give har a generalizable ahalytic tachnigus in 3pite of tha
tactica she knew she would employ. As one of ihe clder students in the study, Michelle had the
maturity to simp out of her role as the student doing what she neaced to do 1o gei-by, and talk



about the project from a mons idealized point-of-view. Al the sama time, har Achiong it the courss
sugoestad that the ged-by strategy was too ingrained in har 10 avoid completaly.

Michells developad mom awarenass of anvironmental issues dus (o her angagement in
the fechire, but it is unclaar how much Brownfield Action helped Michelle develop anaiytical skils.
Michella's claim that if she had not been givan so much heip from Diane ssams 10 hold some
weaight, It is plausibie that had she been in one of Joa's [abs, that his style would have forcad her
to do move work on her own and gain mors from the lab axperience. At the same time, Michaile
was one of the few students to identify that thia projact laught har somathing about what 1o do
whan she was nat gatting the heip she neaded. In 3ome of her comments, it seemead like she was
not getting told as much as she woulkd hiave liked. This train of thought was Michelle pining for the
path of (east resistance that she had bean rainad to axcel at through her prior schooling. This
raining may have been againat her will, 35 she was aiso the lone student to identify that this
coursa braught hae back 1o soma of the traits of baing a more icealized student who was engaged
in material for tha right reasons and not jult grades.

The undarcurment of the convarsations with Michalie wax that she wantad o ba that more
idaal student who studies for leaming's sake, but she seemed (o acknowladge through her
actions i the coursa and har comments that tha tracitional student path was like a tractor baam
with its gravitationad pull towsuds the easy way out. it is complataly passible and all 100 commaon
for today's college students to coast through their studies having only sxperienced the sufaces of
what could have been deep, personal. and poasibly transformative experiences. Michalle was
mature anough to see that she was playing the rola of the student in the bureaucracy of college,
and axpreased 2 desire to rise above it Brownfield Action gave her a tasie of real engagement,
but could not completely overcome the ingrained well-oiled machine tuilt inside Michella by ymars
of academic institutionalization that breads the surface lavel get-by approach.

Student 3: Josephing
September. Josephing is a third-ysar refigion major at Bamard who is considering intemational
politica as a profassion. She is in one of Joa's labs. She is taking this coursa bacausa sha liked



sarth scienca in tha past and environmental aciance seemed ciose to that. She is also fulilling
hér SGENce requirement by taking this coursa. Josaphine's friends told her that when thay took
this course, they did not like Brownfieid Action and that the amount of lab wark scares many
peopie. She also heard through the grapevine that the class was less acentific and more
sociological than the other science oplions. When | asked her to describe hersedf compared 1o a
scientist, she 3aid, “Someona toid me I'm not methodical enough to ba scipntific,” and she
idantifims scince pacpie as mors shudious than har and batter at memonization. She also said,
"'m a lithe mona idealistic,” and less practical than SCience peopls,

When | askad har haw the ciaas had been going 3o far, she said the class seemad more
humaniterian sinca the point of the lab project was to help psopls. Sha thougnt this was atypical
and that her past sciance courses had baen more divorcad from |ife or reality. | asked her how
this might benefit her and Josephine responded that the ciass might make her more well rounded
and added, “Hopefuily 'l ba able to gain some real-world perspective.” She aiso hoped it might
make her mors studious, but she did not expact the course to make her into any mom of a
scientist,

Josephine appreciaied the weakly quizzing format in the lecturs ax it helped har pace her
offort. As for the early stages of (ab, her main commant was, ™It was kind of fun, reminded ma of
SimGCily, that video game where you are the mayor, 30 far 30 good.” She want on to icantify the
main objective of the projact as har assignment to recommend whather the factory site be
purthased of not based on her investigation. | asked her how xhe feit about working with a
partner, and she said she was concemad about it bacause her partner seemed uncomfortable
making decisions and reluctant to spand money within the simulation. Wharn asked about the
infroduction, rather than focusing on the humor as many other students did, Jossphine said, “The
video made it more familiar.” | asked her if her SimCity comparison was a posilive cormelation or a
negative one_ Sha toki me that she was really bad at S/mCiy, that she typicaily spends all her
money without thinking about what she is doing knowing that she can aiways restart tha gare.
She did not think her bahavior in Brownfield Action would b the same becauss, “Having a

partner forces me to consult.”



While Josephine was not sure what she would gat out of doing the project, sha
mentionsd that it, “Looks really realistic, you're hired to do something.” | asked her if realism was
impaortant to leaming, and sha agread. Sha also pointed out that when it comes o the computar,
graphics are a key factor and that the process should ba fun. It was here that Josephine
suggesind that humor could play @& role as well since in har opinion, "Humor keaps paopie
intereatad, makes pecple lighthearted.”

The bottom line of the course is that it fulfills & vequirement for her, and that her tendeancy
would be to just iry to get all the tasks done and not concam herself with tog much rflection. She
did not see how any skills from the class will translata into har [fe. Howavet, Joaephine was one
of tha rare students to identfy a small early connaction batwaen lab and lecturs with the topic of
axit signs, saying, “The whole idea of Setf-Luma company and how he taks abiout exit signs.” No
one size in the study seemed to have caught this foreshadowing remark by Dv. Bowar. She was
referring to the fact that exit signa have traces of radioactivity in them and Self-Lume made exit
SigNs.

From an enviconmental sciance point-of-view, Josephing i interested in radioactivity,
nuciear chemistry and thewr relationship (o her possible carear plans in politics. She identified,

"Wa really don't treat the iand very wall,” as the main massapea of environmentsl scenca.

Qctober. Al our next meeting, Joseghine and | began by talking about how the lab was going.
Sha was concarmned that her maps were sloppy but pleased that the teating was easier than sha
sxpecied. | asked her if the cenification testing process played a role in that, and she said, "l
liked it,* referring to tha SRR and topography certification teats. She said, "It haips & iot before
actually going in anda parforming the tests.” Josephine was abis to drirw a quick sketch of the
topnqmphyfmmmmuwandmnmhmdhnmofﬂﬂhﬂdmmmssﬂﬂamhwit
basizily worksd.

Josephine and her partner had gotten to know aach other battér sinca our (ast meeting.
50 that relationship was mon: comfortable. They were not overspending since the costy of the
teats seemed reasonable so far. One unique concem bt she pointed out was thay did not know



91

it theyy watw allowad 10 tast on top of buildings. Whon asked if sha and her partnar had developed
any strategies for the investigation, she said they wers still following orders and doing the
fundamentais.

When askad about Joe, Josephing had saveral comments, including:

Peopla said ha was mean but I'm going to try to clote my ears to it...one day he

wax redily happy with our progreas or something.. ) kind of like the fact that he

isn't over our heads telling us 'do it ke this.. do it like this'. . independence neips

you grow as a siudant,

She could not identify any downsides to his teaching style except io note that he gats annoyed
when taams taik too much. All in all, sha 3aid, "1 snjoy going to lab a lot more than | thought was.”
Whan | asked her what tha major facior was, she sakd it was tha project because it was
interesting. She mentioned no one had been complaining adbout it as sha axpeciad would happen
and wondarad aloud, “Am | weird becauss | like t7" She talked about how quickly the three
hous goas in lab and that she and her pariner had a tendency to try (o finish as quickly as
possible and peobably should pay soms more attention to neainess when it comes to the map.
Josaphine was still high on iha lab quizzes, stating (as many others did} that the quizzex pointed
her to what to pay attention to.

The ane compiaint she had about tha tachnolagy was the lack gf a mouse attached to the
laptops in the lab

Moving on to the lecture, Josephine pointed out that the racent lecture on groundwater
was the most relavant 8o far, but that overall the lab was better than the lacture because it was,
~Mora handa on.” When | asked if the radioactivity lectures nad any relevance, she 1aid that while
thers was 8 connection to the Seif-Luma sile, “He didn't tie it in...not as wall as the groundwater
lnchure.”

In taiking about A Cvif Action, unlike Micheile, Josephine was not relating ta the main
chavactar of 1o the story as much. She talked about how Schiictman himd many people to do the
jobs she was doing in Brownfiald Action, and that sha did not feel as connecied io the characters
in Brownfield Action's town (Moraine) as Schiiciman was in Wobum.
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Wa went back 1o her thoughts from the first meeting about gaining real-worid perapective,
and sha 3aid, the lsb made her think, "In real life you don't always get things done right
Fway...you have (o wait.. .it's like real ife experience. ..a prograssive thing.” She went on 1o
describa how students have 1D get used fo this and dealing with pecpie and trying to think about
the project as i it was a real town. The process is not like reading a book, anywering questions,
and then being done as s more typical of her othet courses. When | asked her if ahe st felt iike
sha was just fulfiting a scienca requirament, Josaphine disagreed, saying, "Maraing could have
been our town...you don't think about what's baing produced.” Sha than went on to describa her
concems about how the majority of our water is contaminated and her dasirs to do a mal
investigation or to see a real one in action, especially one on nuclear power plants (shé had seen
a telavision special on problems with Ruasian reactors). She wax still unsure how her actions
might be changed by this course, but she said she was definitely thinking about thess issues as
she drova around the greater matropolitan area.

Novembec. When we met in aary November, Josephine has just tumed in her Phase One report.
She jokad about her back being cramped from hunching over and said, "It's a graat senae of
accomplishment having it done. .. think tha maps tumed out really wail, . .not really sure about the
report.” Her uncertainty atemmed from not having specific guidelines from Jo& about how to do
the report and tha fact thal she and her partner did the work complataly separately aithough thay
came (o the same general conclusions.

Sha alked ma through the axpacted arsas that needed further checking anund the
factory site. She was concamed about tritium dumping in the saptic tank, saying, “Just in case
peopte were throwing things down the drain, 'm sure people can gst a lithe sioppy.” Josephine
alszo axplained the relevance of the 3oil siaving exercise that they did in lab to Darcy’s Law in
ordar to datermine haw long it would take contaminants i flow from the factory to the town wail.
Sha paintsd out that Darcy's Law was, “The moat complicated thing I've ever learmned.”

| asked her about the interviews, and she sakd her pariner did them ali, sharing tha costs
with Bnother group and gave her tha notes. She said this made it difficult for her in that, "It was
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hard bacause | didn't hesr them [the characters in Brownfield Action] say it™ She mentionad that
the pecple's names wera haipful cues, but that she basically missad out on an entire side of the
project. When asked about the actual writing of the report, Josaphine said sha struppled to figure
out how 1o bagin with the styte, that she tried to do it scientifically, which in her mind meant
cuiting it down to the point. Her report was ahorter than most, just 1an pages, and sha spent
reiatively litths time on it (four houra). She said, “l didn't feal like it was that difficult to put it
togeather.”

She mentionad her coneern that Dr, Bower talked about seplic tanks recantly bul that
soma labs could not include that information in their reports because thay wera already tumed in.
She suggestad a set dua dete for all the lab raports rather than staggered due dates basaed on
the day students hacd 1ab.

Josaphine was proudest of her maps, 30 | asked her f the effort of making the maps ook
away from the game-like aspect sha identified aarly on. She agreed and added that the amount of
busywork in ganeral contributed to that feeling as waell.

Returning to lecturs, she saii she leamed Darcy's Law better in lab and that the and of A
Civil Action was, "Frustratingly annoying,” and later, "Towards the end | feit like | was in law
class.” Whan | asked her if it heiped her complete the Brownfield Action project she disagraed,
saying, “All it was.. somabody o5t of similar. . if it didn't start with medical perspective it woukd
have been different.”

When | askad her what sha got out of the project, she made several comments. The
projact, “Makes you more awade of what's going an around you,” and if ix:

... feaponsibiity you have 1o take on, which was really helpful.. makes me feel

better bacause | think | work batter in mere realistic, aven though | said at the

beginning that | wasn't a realist, | don't know, | tink | work batter under these - it

wasn't just analyzing, t touchad you mone. . .than reading about literary criticism

sort of like made up, scademic, you know real. . I'm sure it's happening all over

the country or all over the world where peoqin do thia kind of stuff.

| asked her what skills she got from doing the project 3o far and she talked about leaming
to write differantty, xaying that, “Getting to the point, think cieary, start thinking. . .can't make it
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up...no ona has to balieve you in iterary situations, it's whiat you balisve.” Her biggest comment

t have & fealing if somaons raad my Phase One [report] and wien't an axperit

have a feeling thay would understand it batter than if xomaona read one of my

religion papers [becausa] peogie Gare mone about this, it affects pesople's life.

Josephine had not talked about Joa at all this trme, 3o | asked how that had been going.
She again repeated that she liked Joa's style, bul mentioned that he, “Started annaying me... we
were resly confusad about tomething and he really wouldn't help.” Then later he said, “You guys
are siow,” and she was really bothered by that commant and his comment, “You guys are going
to take foraver.”

| askad her about the leciurelab connaction and sha said they were S8parate Dacsuss in
lab, “All | wax thinking about was | have to write this report,” even though sha admittad o uaing
lacture nolas to do it. In lab, she commanted that she could have usad, "Some hint that said what
this [ah meant in tha big picture. .. paople kept loaing that ™ Then contrary to her focus on writing
the report, sha said she, "Pushad away the idea that 1 would have Lo put it togather.”™ | asked her
about thesa oppoking viewpoints and she 5aid sha was tirad and that while the whole idea of the
proiact was really interesting, "It sorted of anded up becoming Just like any other final lab like a
dissection. . standand procadure, standard experiment you would have to do.”

December, When Josephine retumed in December, she was shocked that sha got & good grade
on her report since she did it at the last minute. She folt sha did well because it was, “Weil
organized and got to the point.” Her concam about not writing enough pages anded up béing &
strength in har opinion.

Moving on 10 the Phass Two work thay had b doing, Josephina said it was not
working out that well to work as a larger group bacauss:

Paopis who amn't ax motivated sit on the sidelines and the raally boasy peopls

try to gt in...one girl who was 50 overbaaning and she was 100 busy frying to
figure out if she was right instasad of haiping us.



She said the sama people were taking command of the lab sach week and that mads hor nat
want 1o pay attantion. She tried to position herself to be one who did the tasting becausa it was
more fun than plolting data on the maps.

| axkad hae if the situstion with Jow had improved, but it had dateriorated further, She
said, "He iaciated me and said | bet [Josaphine} doesn't kngw what sha's doing and | feit lika,
Thanks a lot Jos for lating me know'. Two girls jumped 1o my defenss. Whan | work | 1and 1o
talk, annoyad by that whoha thing.”

We began talking about lectura and the book Sient Spring. She said it is, “More of a
scientific book, the [Rachel Carson] writes really wail, she's not difficull to understand.._questiona
Bre aasior bacause they're mane siraightforward.” | asked her if she atil prefermed lab to lacture,
and sha aaid thay flipped over time due 1o the momantum lost after umning in the Phase One
report {and probably bacausa of Jos's remarks, although she did not mantion that at this lime.
she wax claary disheariened by that).

Looking back at haf expectations, Josephing sdid the raalism worg off and that she was
annoyed at having dona 38 much work. Sha agroed that working on tha interviews herself,
"Would have made it more reslistic | askad her what she got from the project. Her basic
response was awarsness, but than she added, "Now | can soft my thoughts, more defined,
clear.. s lot of what we had to do was associate things.” Shae gave tha axample of understanding
the Saif-Lumea trucks use diasel fusl so those tanks could not have contaminatad the town's well.
Sha then went back to har writing comments, saying, “The fact that | have written it so differently
than any other report,” was important 1o her.

| asked what made the most impact on her in the course and she said Rachet Carson’s
hook (Siant Spring) because, *| see direct effects on animals and humans. . somathing that would
affect ma and my children.” She did not relate well to A Civil Action by comparison. She aakd it
seemad isolated since she had raver lived naar a factory

} asked her what she thought of the way the course was structured, and surprisingly she
agid, “1 ulmimumvwnmlmmmy.mhwomrmmmu.muumwpmny:



You dissact and you walk away and that's it, Hke this keeps you involved, (ke |

have a better appreciation of labs, sach lab is relavant and was a building block

of & bigger thing versus like me laaving and saying ‘'What did | leam™?’

Sha added that this kind of a class had the most patential. She said, °| wish second semester had
somathing sort of similar but a litie bit better.” | asked har what the benefit of this type of a clasa
wias whare the labs accumulate over time. Hef reaponss was:

...that you don't forgat, that you somehow kesp neleaming and building a higger

thing...have to leam (o associate, you know ok this happenad in iah 1 and now

wa'tm in lab 5 and 'oh my god that happened in lab one’, 30 | don't forget.

She added, “This is the maoat I've ever dons in college,” and that she was concemned about
getting & job in the, “Real world,” because, "1 didn't feel like a student. | feit ke a employes. Joe
wax my boas and | had o be sure my boas was happy with my resuits.” | asked her if the lectura
haiped allaviate that teeling at all. She said the lecture was more academic, but that in [ab she
never really thought about lacture or De. Bower. [n her mind, the paris of the class were, “Perfect
in their own way,” and not overbearing oh sach othar,

Omne additional accomplishment she was proud of was tha knowledga it she is able to
construct a map and parform something like a Phase One investigation. She also added that the
interview procass with ma was therapeutic for her because it allowed her to get her thoughts out
and roflact.

Reflecting gn Jogephing's Case

Josephine's case might appear confusing becauss up until the end of the last sassion,
one might assums she had a primarily negative experience. Yet in the end, sha said this project
was the best way to run a lechure/ab course. She identified that she leamed a new way to write
and that the structurs of accunulating labs helped har netain mone knowledge than she would
hava ofharwiag,

Claarly, not participating in the interview portion of the project cauted Josephine 1o
withdraw from her role in the simulation and turnad the project into more of a standacd
mignmnntShamyhmbunmnmmuwmwfﬁnmtddlmmdypuﬂdpmuat
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the beginning stages of the project (recall her concem about testing on buildings and her
commants about peopie who, “Can get a litle sloppy.” which show smpathy for the fictional
characters). However, she also identified Water on how she did not know the characters of
Brownfieid Action as well as Schlictiman knew the peopla in Wobum. The interviews could have
done a lot to maintain Josaphine's sngagemant in the aimulation world.

Josaphine was happy with ihe way the course was structured and ik not walking away
empty-handed, but falling out of hor role in the simulation and Joe's insensitivity towards the end
of the samester took away o significant portion of the axparience for har. Josephing's experianca
points to the importance of all the factors of a simulation working in unison. Josephine
demonstrated an understanding of the data model, or simuiator, and sha deduced the causes and
affacts that occurred in the town in putting together her report. However, thae namative broke down
for har mid-strean becauss she compramisad the intagrity of the full axperienca by allowing her
partnar to taka aver the interviewing. It is no surprise that making thia choice ramoved ihe vary
aspact of the project that sha said was most important to har: the realism. Simulations need
ancugh realism to aitow iha participant to suspend their disbedief and buy into their role in the
namative. In Josaphing's case, the exigencies of college |ife and the partner dynamic she
developad lad to cartain choicas on har part that minimized soms of the potential impact of
Brownfisld Action. These choicas did nat ruin the experienca, but instead changed the arc of the
path that this projact irias to lay out.

Joseghine's experience also shaws how much control of ihe axperience is in the hands of
the stucants and how their ability to think and reflect about their axperence ix & leaming process
going on at the sama tme as thei academic pursuits. At the very and of her last interview with
me, we discussed how spending a few hourk with me spread oyt over the semestse was
therspeutic and helped her sort out what sha was gaiting out of the course and where she was
haaded in lifa.

College shudonts ara beings-in-the-making. They are young adults leaming how the
things thary say and do are coming frosn them and not from anyona tailing them what to do.
College is the time for setf-realization and seif-actuslization, the start of figuring out what one



vants separate from what anyone suggestad one shoukd want. Thase young woimen am coming
ima their own in the midst of complex lsaming opportunities such as Brownfisid Action in the
midst of 2 camplax bureaucratic machina known as college in the midat of one of the worlkd™s most
complax metropolitan araas. Contradictions, hypotrisy and conatant mind and taxte changes are
{o be axpecisd, and no survey o controlied laaming experiment ix going to ba able to expisin
thess things if they even pick up on them. To me, Josaphine's rambling manner and inconsistant
slatements suggest sha is right in the micdla of this ranasformative phise of her Iife. Her
approach 1o (ife is in formation and the expersance of Brownfisid Action was subjected to tha
same kind of experiment for her as everything &iss in her |ifa. She tried diving in at first. Later she
withdrew and compromised. In the end, through reflaction, she realized she was walking away
from this sxperience with many tangibie gains and was thankful for it.

Student 4: Janet
September, Janat ix a first-year student from the Northeast. She has not daciared a major yat,
but she is interested in poiitical sciance and political theory, espacially in the anea of aducation
and the snvironment. Bafore coming t Bamacd, ahea taught environmantal science 10 inner city
children and thought it was a great exparience. Advanced placament biology was her favorite
course in high schocl, and she sees herseifl as somewhat of a aclentific thinkar. Sha grew up
thinking she would bacome a biologist, but hax gince shifted to wanting & position related 1o
science that has more of a community role. “I want to make things betier,” she said at one paint,
though she seemed to feel a litte silly saying it Janat's lab inatructor is Diana.
Whan | asked her what she thought she would gat from this coursa, Janst said sha
thaught she would get differsnt things than what she expected when she signed up. Sha said:
1 thaught | was gaing 1o get mors sciunca-based knowledge._.L fed like the
course i more directed to mong the policy aspect, which it good. It's what I'm
interasted in but it seams o be less doing of achual - leas of a hard scienca, more

of an interpratative sciance, more of a social science. . definitely like it...don't
think 1N gat ax much of the hard science, which | would have liked.



Janet was disappointed in how the lab was starting out, saying, “it's the most tadious
thing that I've done.* Diane's pace was clearly too siow for her, as evidencad by this example

Diane, she [Herally takes an hour oh whers 1o get a poater tuba. She'll repaat the

dirgctions numaerous imea. Wa don't nead har to do the sheets with us, ends up

taking twice as long, not actually daing them...can get away with not knowing

anything... As a test | dacided o do all the sheats whils sha was doing the

directions...{ did # in the tme she did the directions.
Janst had no issuas with her lab pariner except that it ssemad they might have troulia matching
up ihew schedules. She anjoysd the introduction to Brownfield Action, saying it was, “Fun to
pretend you're investigating,” and that, “it [video) was a good introduction.” She was not sure
what the gorl of the project was beyond simulating a Phase One Sile Investigation, but she was
comfortable not knowing. She said, "1 wouldn't like it if they [lab instructors and Dv. Bower] just
told me."

As for using a computer simulation, Janet was positive with her comments. She hoped
ihe computer would be a good tool and resource that would mix up tha dynamic of tha class and
Mlow hef 1o, “Dasl with material at her own speed.” When | asked her what she might gat out of
the project, sha said:

| hope | gat a sanse of what an applicable use of environmental science woukd

be...a lot imes we do siulf in achoo) where you just kKind of get information and

have to regurgitate it and it's not Iike, lika you know, you are isaming stuff that

can ba usaful in a conversation or building contextual backgraund for raading a

book.___but here's more of a clesr application for what I'm laaming.

Whan | asked her if sha thought she might gain any skills, ahe was not sure, but she hoped she
would, “Get more comfortable with using technology.” Later she addad:

| think that itll definitely give us a chance 1o usa those analytical skills...wea're

kind of solving & mystery...we have a lot of information right now...and sart or

sorting through that data, figuring out what's important and what's not.”

She alsg pointed out, “You're going to get a ot of stuff and you have to figure out what's
important and what to ignore.”
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When 1 askad Janet about maps, sha said she often refers to them but that topographical
maps are rinw to her. Sha commentad that zo far making maps had bedn really tedious and yet,
“There's a differsnce betwesn having something handed to you and having to construct i."

Looking at tha connection between iab and lecture, Janat reported that Diane oftan
repaats the lecture material unnecassarily whila Dr. Bower had rarely mentioned Brownfisid
Action yp to that point in the lacture. Clearty, the biggest adjustment for her in the lecture was
dealing with the softening of the scienca in favor of mora policy and soclal issues. “For me
coming from a hard science background, | 3ee that he's choosing to not go in detail...good
balance becauss wa talk about nuclear reaction interspersed with more policy things.” As for A
Civil Action, Janet thought it was sirange to use a novel 33 3 textbook with atudy quastions. Her
first reaction was, “Am in seventh grade? On the other hand she appreciated the connechion
batwean this resi-ifa story and the lab project, saying that it was, “Fun 1o get into that mindset, of
baing tha lawyet, investigating this.._it's nica 1o nave that 1o think about...it's good o have that
supplement. . forashadowing of what's going to happen.”

Janet siw the weekly quizzes 8s a chore and would rather have had less fraquent teating
and in general ieas handholding. She saw how the pedagogical strategies being used heip those
who are lass motivated and interastad, but from her point-of-view, she would rather have had
more indepandance. She said the workload of this course compared to other classes wias
comparable in terms of time commitment but was lass difficult.

in the end. she was stil hopeful that tha coursa would give her insight on anvironmental
issyes such as materal and land usage, but it seamad clear she needed a more hands-off
approach,

MWMJMMMmm,mgmanumtupnnhﬂpmminmm. Sha was
upset with ather groups for not being systematic with their data collection, but admitted that the,
*Diractions were not thut clear. . it wasn't straightforward.” She was also disappointad in ber
pariner, who (o this point was not doing har shars of tha work on the maps. | asked Janet why
they had to make the maps. She reaponded that thay needad the maps i, "Determine the sde,
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the lay of the iand, sae the relationships, get a visual idea, put picture to numbers.” | asked if this
could be accomplished even if the maps ware just given to her. Janet said, “We wouldn't look at
tham as much if we were given them,” and later, *| think it's useful to consiruct the maps, but it's
tima consuming for what it |s.” She added, "I wouidn't know the map ax well,” if she did not have
to make them, but she was unclear if knowing tha map well was necessary (0 do the project waill.
Janet could not deaw me a sketch of the topegraphy map, saying her partnaer made the contours
afinr sha plotted the individual poinis. She knew that the tool i collect badrock data worked like
sonar, but could not remembaer the name of the tool. Janet was still frustrated with Diane’s slow
pace, saying, “Tha directions took 30 long, it ended up a lot like her talling us the answers,” in
refarence io the certification axams. | asked her if tha exams were worthwhile. Janet aid, 7l
dafinitely laamad more than otherwise,” and Iater, "I'd rather apand the time saming what I'm
doing than plotling the points.”

A for lecture, Janet said it was giving her the big picture while iab was mors spacific.
She struggied 1o see the retevanca of A Civil Action beyond it being, "A similar application to what
wa're doing.” She sdmittad she had read the siary bafore and seen ihe movie, and thought the
Iaq.aimnhrialwﬂmmwlnshuhmttnmﬁmm.simmmﬂtﬂkﬂd,damtmm
have adjustad to the weekly quiz atructure and was lass annoyed with it. One concem she did
raise was that the lecture quizzes had detail requirements that did not seem to match up with the
hmudarappmachbr.Emmmminmalm.wmIumharﬂmcwnrklmdmaﬁll
comparable 10 her other courses, she said, “it's different, it's more spraad out. | don't have like big
assignments, lots of litthe things.” | asked her if any part of this course was any fun. Her reaponse
was, "| have appraciated the comy natura of it,” referring 1o the pacple in the newipaper arlicles
that are part of Brownfield Action. | asked her o eiaborate on the lecturallab connection. She
said, "By the end it will come togather._I'm assuming...things we're doing in lechure will have
relgvances but we'ra not there yet.”

| asked her if she had any new commants about what she might get out of the class. She
Wmmhwamhmlﬁhﬂﬂmmmmﬂm.hulﬂ'lnlddaditwu
mmilﬂnuttnbe.‘Amufmaﬂ\lng.mhhmﬂhhgmaﬁrnlmm‘lt.mitnp&:.tl‘upmjm.il
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matinrs, | tend to gat very wrapped up in curvent isauss, averywhere we go there is this kind of
poliution.” | asked her i this approsch was appropriste for a non-majons Aclenca course. She
said:

It's really mportant sapacially bacause it's something that's tangible to take

avay...a lot of the people that take environmental science are nat the hand

science peopls and so that's a way for people io grasp on to it.. .| think more of

the peopie in the class have more of 8 humanitiss brain than a sclence brain,

therwiore you should spask 1o thosa peopla.

She weant on to say that the courss was, “Tying sciance inlo real life,” and usad the axample that,
~Theva is poison in tha air you are breathing right now.” | asked her why this kind of teaching was
banar for humaniting brains. Her response was that people are, “Better at socially abhatractng
than scientifically abatracting.”

Looking back at her paat commants, Janast rawrned to her frustration with Diane, saying
that she was forced to atay in lab an exira forty-five minutes in order to 386 8 two-second
demonstation. In her exparience, Diane's poor teaching practices made, “Simple tasks bacome
s0 confusing,” deapits her good intentigns. | asked if Diane was. the main problem with the lab
sxperience. She agreed, and added that her friends in Joo's labs had different prablams, but they

wara not being handnald as sha was.

November. Janat started out our next seasion talking about how her partner had been siecping
up her performance lately. Her Phake One report was in her school bag, ready to un in. | asked
her how the report writing went. She sald, ™1 feel like | could kind of get away without knowing a
whola o, since ail she had to say was Mo investigation was nesded. Sha took me thiough her
recommendation that the death of Mal Sangre and the septic system be checked out. When 1
asked if it had been any fun sinca wa laat talked, Janet said, “It was definitely interesting._.yeah it
was cool.” | asked what had changed that laft har fesling more positive, and she mentionad that
Diﬂnﬂhﬂdhﬂﬂdﬂﬁlﬂdhnmmmﬁeﬂbluinmﬁmlm.m,hnrfrimdlh.lm'slahluid

\ately he had bean mean and made them feel stupid.
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StH, writing the report was tedious and painful, and she feit like she had to streich het
paper to get it 1o the minimum ten pages. She said it took her about fifteen hours io write the
report, and she did it completaly separate from her lab pariner. | asked her what the report writing
was Iike. She said, "You have 1o pul averything together...it's like a glorifiad lab report.”

It was st this point that Janet loid me that she was traveling with a friend who wak in
business school at another univensity, 50 sha showad her the Brownfisld Action work she was
doing. She aaid her friend joked, “'Oh so you're playing computer games, I'm glad your cotinge
money is going ¢ good use.™ Janat's responss was somewhat surprising. She said, "But then |
said, 'No it's good we get \o ses what the tests are ilke’...| got to defend it {the project).” | asked
nhar if this gave her any different perspactive on tha project, but sheé was noncommittal.

Janet had some new thoughis about the mapmaking from our last conversation and was
conwvinced that, “If | would have had paints on 2 map and drawn the contour lines, | would have
gotten just as much outof it.”

Sha did not have much to say about lechue, except that, “it's always sort of relevant.”
Racantly, sha thought it was strange io ask students to read 160 pages of A Civil Action in one
woak after such fine-levet focus in eariier chapiars. | asked her if the course atill made sanse (o
har. She agreed overall, but said thera ace, “Lots of little things that could be shaved.”

December. When wa met in December, Janet wat feeling good about her raport and her parinef.
Sha had done wall on her report. She seid, *| think the way | organized the paper mada it clear,”
and she and her partner svensd tha work out towards tha and of the semester.

Moving into Phase Two, she was unclear how she was going to get the mamo
m&unmmtdnnesinmm;mupsinhlﬂbdiﬂnntshmhnirinfnfrmﬂwlutdﬂ&ﬁh&m
Phasa Two as mastly a way 1o fill up the iast three labs. She was somewhat displeased that they
were not told there would be an additional writing assignment for Phase Two, and painted out that
Diane was not a& engaged in tha last faw laba and seemed to not want students 1o have to do the
Phasa Two mema individually. This made Janet think it would not be graded too hard, so she was
not going to put in mucts efftrt. Givien the choice, Janet would have rather nad the class do it as &
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group since thay spant xo much time taiking about how to do it anyway. In general, she saud she
had gotien used (o Diana's taaching style and liked her as a perton. | asked her if she would stay
with Diane n second semester. Janet said she was going to take & more difficutt climate class to
get more of a challengs.

With regard to lecture, Janet had found Siéent Spring. “More relevant than Civil Action
bacause.. Now we're fomusing on pesticide use and land usa and how people use and think about
pesticides,” and that this was & battaer argument than the, “Corparations are bad,” focus in A Civil
Action and in Brownfisld Action. | asked her to siaborate on this comment sinca it seemad it was
uniqué to her sxperience. Sha sald that when sha taught environmental education, her trainer
sa! something to the affect of, "Don't harp on social justice and environmental issues bacausa
that's 50 easy.” Janet’s trainer instructed her to emphasize issuas thet affect averyone but that
people do not comprahand 30 easily. Janat said thoss commaents, "Really hit home with me.”

| asked her if she still felt ke she got away without learning much. She said sha had a
lot of background in this area, but her general feeling was, “Why didn't everyana gat a hundred
bacause all you had to do was piece averything togather?” Then she mantionad how har parie:
joat points In her raport for putting in extra material that was not rsquined whereas Janet knew
from her axpariance with the quiz grading that she was befter off just doing axactly what was
askadtngﬂagoudm.iuk&dJmHshnmgnndalmungmuswmn,shom,‘l
didn't realize this [course] was tha ansy way cut of the science requirement for a it of people,”
and that peaple who did not use her approach may hava gotten more out of the course than she
did. She thought her pariner actually wrote a better Phass Ona report than she did, even thought
Janat got a higher acora,

| asked Janat if her cvarall imprassion of the project and the course was positive or
nagative. She said, “Overatl | feel like ¢ put 8 much more negative spin on it [than it really was)."
She said her partnar and her oflen joked, “We should clean up Moraine,” and that they got into
mmmmmmu.wmmmmNMdememnm
short of her axpectations, but, “t did gat a genaral base of application for environmental acience
and some general problems | guess I'd say of contermporary society's usa of toxics.” This was in
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spite of the tediousneas of the work. She also spoke positivaly about doing a project with map
work, 1aying. “It was good to do something relaiad o the maps, like, that 'm glad | had to do
somathing like that and see what goes into that.” | asked ber if this was also true aboul writing a
Phase One raport. She agroad, saying, “It is 8 skill to be able to put logether a straightforward
report.” She called it a, “Mora concrete type of writing.”

She than added a more parsonal siory about her grandfather dying of cancer and the
likely cause being pesticices bacauss of his work as an stymologist. From the class, Janet said, °|
gained more of a senaa of the importance of urderstanding the chemical aspect of it, the mora
technical, aithough | didn't gain a perfect undersianding, | want to gain a perfect understanding,”
50 she can argue for change in anvironmental policy from more selid ground than the,
“Corporations are bad,” point-of-view she mentioned sarlier when iking about her envirenmental
aducation axperiance.

When | asked her about using simulations, her initial assessmant was assentially
unchanged, excent she added it would have been nice 1o supplement it with real SEDOTIENCE
oulside, even if it was loosely cornectad. Altamatively, she agresd with me that having an cutside
congultant come in would have been a good addition as well.

| askad har if she would look forwand to anather class with a jab project that accumulated
cver time as Brownlield Action did. She said.

Yaah, | think it's really usaful...you gat to ook at iots of different aspecis of the

same problem, 5o you're doing the same discrete things but thay're connected 5o

you have a sensa of why it's important.
Later on she added, “You have to keep comiyy back to it,” referring to what she had leamed in
phevious Labs. | asked her 1o identify any disadvantages to this type of educational stralegy. She
nid,'nnmmm-dnmmnwmcﬁghtwnrd.npmdthnmhmunnmispmmdm
minutesonU'li:pm-nutwuwmmvinqﬂ.nmlnnkhgntitm.mtmmqhmiqmmm
varous topics.” She realized the sinulation snvirocwnent allowed the class to do things thay could
not otharwise have done, and added, “A lot times simuistions aren't real but this makes it more
raal.”
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Flnally, | axkad hes what tha critical anvironmental science messages wers from the
coursa and tha project. Janst said;

It (environmentsl science) doas affect everyona and it's refevant. It's not just an

isaue for bieeding heart liberals...there are things you can do in your averyday

lifa and in the atiention that you pay that can positively affect the environment
and yoursei.

From Brownfield Action, sha 1aid the main message was 10, “Look critically at where you live.”

Rafiscting on Jansts Case

Janat's case provides an interesting example of a first-year stucent since she came into
the class with moce environmenial science background and more confidencs than many of the
other older students. Sha claarly would have banafited mone from 3 Joe-styls lab whene sha had
more control aver wiiat she was doing and less handholding. As it was, she had a simiar
axperience to Michelle, n that Diane's guidance made it posaitie 1o fulfill the course requiramants
without much of a challenge.

Janet’s mathod of avalusting the course and reflacting was (0 sapamte harsolf from the
standard studanis who ware not comfortabla with science that she saw around her. She often
discussed how the class worked well for other students and that this class was generally benaath
her abilies. Perhapa it was targeted for students with lexs scienca aptitude than her, but she still
did not walk away smpty-handed. She identified mapping skills and writing skills and anough
axpariance in a realistic example of an inveatigation 1o inspina her fo want to get more intg datails
of the science behind these typas of environmental catastrophes. She came into the ciass
wanting a raal-life application for what she was leaming, and she received that. The probism was
she at least balievad sha did nat really have to figura it out of work vary havd.

Stifl, Janet's willingnaess 10 admit tawards the end of the laat intervigw that she was
characterizing the course and the project much more negatively than she raally falt says
mmmmwabnmmmmtmmwmmmmm
wﬂghtﬂﬂ.anmmwMMiﬁnwsnﬂmlmmmﬂshuuldnmm

wmimmmmmmummmmammummmmmmmmm
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someone like Michalle, who was sbie to step outside of her student role and comment on the
caontext of the college systam._ Aflar tha axperience rounded aut, Janet seemad 10 reflect
differenty and realized that thes i a larger endgame at work with the project than just a seras of
assignmants that on their own might not cary much challenge with them.

Janat's story about her grandfather points 1o her mativation to went to take advantage of
the strengtha she sees in herself to angags in mare challenging science that lies bayond what
this coursa iries to deive into. This idealism in her to make the world batter and contribute i
something that affactad her family very directly is a deaply held conviction that hax tha potential
to driver har to 3 greal contribution to sociaty through science if she continues to foster it. Her
axperienca prior 1o college that showed her the valus of science in the contaxt of human lives
only augments her potential further. Many people never achiave that kind of insight at any paint in
thair lifatime.

Studeot 5. Akira

September. Akira is a fiat-year Bamard student in one of Joe's labs. She has not deciared a
majoc but is considering economics and political scwence. She loves the political theory coursa
sha has this semeatar. As wa talked about science and traits of scientists, Akira had a tendency
lo compare harseif to her sistar, who recantly graduated from Bamard. Akira started out saying,
“rm really bad at science...something | cant orasp,” whila she sees her sister as, “Vary
fundamental, 3ha saas how one thing relates to snother” She sakd her sister is much more of
ackentist than she is. | asked har why she thought she struggled with science. Her responsa was
that she has a hard time memonzing things she does not understand and that science was a lot
of memorizing. | asked Akira why she chass to take environmental sciance in her first semestar
of collage. Sha said she wanted to get the requiremeant out of the waly and, “I'm aclually intenested
init* | asked her what was interesting. and she said, "t more directly affects you. There's lot of
things about tha anvircnment that | don't understand. . .environmentad science had mom o do with
the area you live in — you're affect on the environment.” She want on say that she thought
anviconmental acience had less math aven though sha liked math. | asked her if she thought she
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was mathamatical. Akira s2id, “in some ways | am.” She aiso said she liked logic and agreed that
she was curious about how things wark. | 8aid 10 her that it tounded (ike she had several traits of
a acientist, and she tentatively agraed. Stil, har main commant about tha course was, “I'm going
into the claas hoping that it's an sasy science.”

Az we startad talking about the lab, Akira said the first lab was boring, but that the
introduction to Brownfisid Action in the second lab was interesting. She said the video, “Mada me
ol like wi wre in some kind of game,” and that it reminded hot of Charlle's Angeis. | asked her
if this meaant ahe would takes tha project less seriously. She disagread, and said it seemad like a
pood way to do tha ciass, She went on to describe a math program where she had to do math
problems onling. Sne talked about how much work | was to type averything out on the computer
48 an exampia of what she did not lke about using & camputer for lsaming. When asked what
was good sbout doing a project with a computer, Akira said, "Every student gets same thing from
the program,” and it is, “More universal.” She later added that Brawnfield Action seemad
somawhat raalistic, that the siduation presented wak not unusual, She alse said:

it's good bacausa it actualy makes science something you can reiate o mom.

It's somathing that's realistic %0 you're appiying sciancs to a real life situation. |

think that's good. It's always good to know that something that you're leammg

actugily has something i do with what goes on around you.

) asked har if humor played an important role in keaming for her. "Humor has its pacs,
sapaciaily in lab when you'rs in there for three hours.”

Akira said sha was reating the laciure and the lab separatily, Sinca in har mind, the
bll:turﬂtnpic:lhadnoﬂ‘lmntodowﬂhmmmwmduhginlﬂmfﬂ. Whaen asked about the
wuklvquizzu.Aki‘anidthwwﬂﬁmmhmohummambumdm“unnmidmmml
asked hal what had stuck with har about envimonmental scianca 5o far. Sha said, "Everything has
a history. .. makes you ihink.” | asked har what her other environmental concams wars, and sha
said thut sha and her sister had taked about global warming.

We spoke briafly about maps. Akir described hersalf as & map-oniented pecson wha has
a good senss of direction and ofien doas the navigating when her family travals.
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In ganeral she talked about how collage shamad ao different than high echool, that it was
much more interesiing and real.

October, At our naxt meeting, Akira had troubie remembaring the tools she had used to do the
teating procadures. She sqid the lab on topography was, “Really annoying,” and she, "Didn’t
really lisam anything.” | askad her about the guidance sha wag raceiving from Joe. She said, “Jos
really expacts us 10 figure things out cursaives.” | askad if Joa was doing the right thing. She
said, “It's good for us, but it's kind of apnaying. ..l don't think he's lotally right. . .kind of loat, waste
time trying to figure things out.” She went on io describe how the lab groups wers supposad to
shiwe data with aach other, but that Joa did not explain that they should ba sirategic about where
thay tast 30 that each group's test data iined up. She did not sesm as upsat about this as other
studants wena with sirmilar issues, saying, "l kind of understand that if we ware a rasl company
we'd have to do the same thing, understand that you'te trying 1o make it as realistic as possibia.”
However, at the aome time, she was concerned as she said, “| don't even know what's going to
happen,” and later added that the uncartainty s, "Still annaying.”

Akirs and her pariner saamed 0 getling along weil. Sha worked on the computer while
her partner pintted points on the map.

i anked har about the guizzes. which she said were good bacausa thay lad her and her
partry o 2 101 of important information. She said she was glad thay had a contract quiz because
it, “Will help in Phase One bacauss it will make sure wa kirow what we have fo do.” Sha
indicated they typically wait for Joe 10 1l them what to do in lab still and did not have their own
sirategy for how 1o continue the investigation on their awn.

Moving on to lecture, Akira said she was struggling to understand how carbon connected
to what thay wers doing in iab, but she agreed that the lacture on grouncwater waa heipful,
aspacially when Dr. Bower talked about uaing wells in an invastigation. She said reading A Civil
Action was, "A batter part of the class, book isn't half bad. ..can see it connecting with lab a lot.”
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When | asked her about what she was gatting out of the class, she focusad moatly on the
awsreneas sha wis getting, saying, “Poliution will be more of an awarensss for ma. . factories, |
sew stulf, | have a litbe more of an understanding.”

Looking back at soms of her previous comments, Akira thought the class wask less
difficult than other sciances ciass probably were and said, “| enjoy it. 1 don't mind it that much.”
Sha said her game commants no longer applied because aven though the simulation was
raalistic, thane was pressure (o gat work dona now.

In general, when | asked Akira what the purposs was of averything she was doing, she
gaid she was, “Still guesaing.”

Novembaer. At our next mesting in early November, Akira wes finishing up her report, which was
due the next day. She said (he maps wera compisie and she and her partner were still doing
interviews with pecpia in the town. She talked me through her theory that Seif-Lume dumped
tritium iegally, and it had leaked out of the septic tanks near a landfill. However, she was stil
unctaar about whars the town wall was and what its reigvance was. | asked her which town
citizans had been helpful. She mentionad Ivana Lide and D.5. Grunil and how it was sometimes
difficult to find people. She found the names funny, saying, 7 think paople don't notice untl you're
rapily boned and then you'rs like, Hay that's funny.™ She also mentioned how happy sha and har
partner were at finding the fira report document to help them figure out if the fire that cccurrad in
the factory wis A jead of not {she was still nal sure). We talked about using the results of the
sadiment analysis teat and Darcy's Law. it 3semed jike talkng 1o me heipad clear it up for her, as
she 13id, “Now it makes sanse.” in referance to why they had o determine the flow of a
contaminant from ihe faclory to the town's watar supply.

Akira commented that the lacture and lab wera mora connected now, as Dr. Bower was
talking about the project mare directly. Akira said:

| gt how - like - ha taiked about what the goverament is responsible for. .. Civi

Action actuaily halpad a 161, bacause a iot of ihe evidence, they had o go

mmmmm...unymmmpmwmmwm
contamingalad by the company.._a geod part of what they had to prove was the
SEITHE.
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Speaking of A Chvil Action, Akira was disappointad in the ending because, “He [Schiiciman] didn't
win.”

| asked har to talk more about writing the report, She said, "It doaant come together untll
the Iast two days...Oh, it's connected.” She taiked about the proceds, saying, “Me and my lab
partner - we discover things and wa're reading things and ‘Oh my god look at that'. .. sadly we get
happy.” Sha mentioned reading the latast newapaper article that said there was a problem with
tha fown's water supply as an sxample. She aiso said that even though the badrock lab was a
struggle, she now underttands its relevance lo the flow of water underground. Akira also added
that she usad tha quizzes in her report wyiting.

| askad har again what she was gaining from this process. Akira had soma rew thoughts,
as sha said:

Afler writing the raport it coukl heip you if you wers going into snvironmental law.

The point of it is that things are all intertwined. If you're an environmantaliat o

aven if you're a business or whatever and you want to buy a property you have to

walch thesa things, and govemment regquiatons,
She went ta on 1o tak about sconomics and haaith and pointed out that, “The peapla in Moraine,
thay don't know what's going on, thay're clusiass, it's kind of like a big deai but they don't
understand.”

She aiso said that lately, Brownfieid Action, “Feit more like a game because wo ware

focusing maore on tha projact doing more interviews, getling more into it, more captivating.”

December, Akira and | started off tlking about her report whan we maet in early December. She
whnppywm'lhurqmdc.wmlmwmmMM'ssMMIm,mmd,'l
waa prefty much on point with where the contaminaiion was, you know the tanks and tasts and
stuff and | had & good understanding of where the tritium was.”

She said she and her pariner wera irying to figure out how to atay together the naxt
wnuw.andmwwntidtnsuyhmn';lﬂbmmmmuudMhinmdget
along with him. She thought this would be true for most of the paople in the lab.
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Thinking about Fhase Two, Akira thought it was definitaly nacessary 1o continue, and she
was glad the whole ab shared the work since there were a lot of places to test. She was not
surprised thay had to cootinue working, but sha feit like sama of the momentum tha class had
aarier in the sermester had baen lost. Still, mgarding the last lab, she commantadt, "The last ona
was a iot of fun. Wae're just kind of like, | don't know - if was snowing outhide - we could have left
aarly but we didn't." Sha was not convincad that raviewing the characters 8s 2 grovp witk heipful
since thay had aleady tumed in the Phase One raport, and that sha and har partner had done
somathing simiiar as part of theit work for thair reports anywaty.

Wa moved on to talking about the lecture, which Akira saikd was going wail. Her only real
complaint wis that the study questions disturbed the reading procaess for her because she used
the stratagy of picking through the books looking for the answers instaad of neading the text first.
She did this to save tima. She said Sient Spring was, “More of an attack,” than A Civié Action.
Sha saw the value of reading it and agreed it made sense to have it at the and of the semester.

Loaking more broadiy at the whole semester, Akira felt she got what sha axpacied,
saying, “t am mora sware of - like | don't know - groundwater and - like you know like - how
things can spresd - you know - how a contaminant can ga from one place to another.” She
sdded, | really didn't know what Brawnfield Action was ai the beginning. | was really confused.”
She was concamed at tha magnitude of tha project because she was:

-..50 used [0 l[abs being one sat thing and then you'ra ovar with it... A3 a student

you'ra ilke you don't want a iong lerm thing bacauss you know you'ra going to

have to remambes things from last lab, have all thase papers in front of you and

atuff, but it's & good thing because usually when | think of labs, you do 8 hands

on thing and then it's done and you forget about it, 30 | guess it's a leaming
axpariancs.

1 asked her if the dasa contributed to the development of scientiic thinking. Her response

Yaah, | definitety think more like a scienlist becauss | maan in high school whan
you took a scierice course it's lika you don't feal like you took & GOurse. . you
know it's a general course. | dafvtaly fasl ke I'm mom of a acientst.. if | were to
sae somathing out thene, | wouldn't just pass by, | would think about it
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Har caveat was that sha still thought aclentists understand things monk quickly that she doss and
that environmental science atil asemead aasier than har axpariances with other sciences bacyulse
thare was leas mamorization. | suggesied that Dr. Bower could hsve madé his class much more
fact drivamn and included a lot mans mamorization. Akira said the way this class worked was
diffarent in this way:

You understand things and thera's a connection...you end up mamaorizing it but

lika it's on your way tn procass your understanding. _ like the fact that tha courss

didn‘t have a taxtbook.. .whan you have a textbaok it's e much more dry and

boring.

She aisc talked about environmenial science being sasier bacauss it it connacted 1o real life
issues but that doing a real situation was harder.

| asked her about using a simulation 1o have students experience a real siluation. She
want back 10 her paint about the labs connecting, saying, “It (the simulation) tiks everything
together. It's not just a random science class.” | askad why it was good (o te averything together.
Alira mapondad:

You laam more bacause. . there's basics and then you usa the basica to ook for

other things. . somatimes when igbs aren't connacted. With Brownfisld Action you

have to remamber averything and you have 10, you know, make sure you

understood 50 you're not loat in the middie.

She added that it was harder, but then qualified har statemant that the individual tasks in lab were
not difficult, but the task of hooking everything together over time was a challenge.

Akira had nG trouble using the computer over the semastar and was pleased that the
mpummnutimuumghnr.butimtudmapmmrnutuhuntfurinfnrmnum.sm
went on to describe a distinction batween what students want that will make things sasy for tham
and what is good for students for thair own good. She described how students want traditional
Iaamhgbmuumwmgoodatmm.hu:mhrmnwngmd.ﬂndninnofmhm
was most affective.

W closed out the saasion talking about what she would take away from the sxperience.
Akira said, "Even though it was kind of a game, it was coss to homa, becauss I'm sure this
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nappans a lot of places,” and later, "The point of it was to make you more aware...you never think
about groundwater ax a source of contamination.™ She continued talking about the dangers of
saptic tanks and acded that the main message of the course waa that avaryonsa should be more
aware. | asked har what skills she would take away from the class. Sha said:

1 guass more of a not really researching but finding out things yourself - you

know - and it was more like in Phasa Ona, you hava to dig for your own good. . .if

you want to find the contamination and write the report well.
Shuhnpumwmmhmnnnm-rmumsmmmofhuwwmmw.Harlut
comment could ba taken as good advica for next year's group of Brownfieid Action students. She
s2id students will perform better by, "Making sure you have a good grasp of what you're leaming,”
and that there ar no off-days,

Rsfiecting on Akiry's Cuss

Akira was the lone first-year siudent in a Joe lab included in the shudy, and she is a good
expmipis of someaona who came ints course somewhal fearfut of science, but with an opan mind
about what she wouid get out of the course. She did not need the axtra guidance that a Diane lab
might have provided and through Joe's lab came to undsrstand that it was really up to her to
figure out what she was doing and put everything from the course together. In fact, that aeamed
i b the signature take-gway for Akira. This coursa seermed to have contributed to her
understanding of what it means to be a self~motivated college studant.

Akira did not gat into a lot of specifics when it came (o talking about the connaction
batween locture and lab bacausa it seemed so obvious to her. Even though she was a first-year
student, she could articulate how students prefer the traditional lgaming experienca that is
chunkad inta smail parts and easily managed versus a comphax System axpenanca such as
Brownfield Action. She articulated the benefits of a cumuiative assignment and would look
forward to mors Sl ExXpanences.

Akia believes sha bocame a better scientific thinker due 10 this course. She also saw
haw a courss connacted to real-ife siuations and relevant examplas can make retention saner.
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Akira was one of the few students in the study to report no problems with her lab partner. In fact,
thay ware making pians to siay together in the second semesier,

Az with Victoria in Diane's lab, Akira really sesmaed to ba at home in a Joa-atyle [ab. She
figurad out fairy sarly that is was up to her to make decisions and drive the projact forward, and
she had the maturity 1o identify this as a major component of what college shouid be about. Aa |
allyded i in my story about my former high school chamistry teacher. knowing what 1o do whaen
you da not knaw what (0 do next is parhapk the kay to Not ohly baing a good scientist, but also to
getting through life with your feet firmiy on the ground. If Akira look nathing away from this courss
But this one life lasaon, she should consider this course among the most vaiuable sat of
axpariencas aha has had to date.

Student §: Emily
September. Emily is a third-yesr aconomics major at Bamard in one of Joa's labs. She i
intersstad in 8 carser in business as either a financial analys! or market researcher. Sheis a
transfer stugdent who spant her first yaar of college at 8 large school in the Midwest. She came to
Barruard to ba a part of a more diverse student community and to live in New York City. Emily
ook & coursa over the summar at Bioaphere, a0 this snvirpnmental science courss salisfies the
remainder of har acience requiramant. When | asked Erily if she considers hersail a scientific
perxon, she soéd:

I'm more of a mathamatical analytical person._..organized, able 10 see how

different components piace into a whote, able 1o ake diffarent routes o gat 1o a

final and a8 opposad to one route, in terms of finding altermative solutions, not

aoing cookie cutter work. . having math background aliows me to step back and

conceptualize what I'm leaming 2o | can understand it in my own way and maybe

not necessarily the same way a teacher s axpiaining it to me,
Sha added that scientific thinking requires a legical progression of thought that is rational,
concrete, and Tollows cartain rules. She distinguishad this from aeconomics, which she seex as
more interprytative.

Emily had a general senss of the Brownfield Action assignmant. | asked her what sha
thought tha axpernioncs would ba like. Her responss was, "It's like siarting something you've never
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dona before. You don't know what's important you don't know what's not. You don't know what
things should stick out to you, what things should really hit you in the face.” Sha understood that
tha lack of guidalines aarly on was intendad, and she pointed out that sha had done a similar
project at Biosphers, whara shé had 10 daaign a consarvation glan for an ecosystem. There wara
no computers nvolvad in that project, and Emily admitted she was not accusiomad to using them
as part of her educational expavienca. Stil), she seamad optimistic about having computars in ihe
classroom, saying. “it's good becausa it gives you more stimuli and more access to resounces.” At
tha same time, she was concamed about backup plans bacause in her axperence lachnology
fails, and people typically bacomsa very depandent on it.

Emily had naver done a simulation before, but she had poaitive comments about the
potential for learming with one. She said:

The particular assignmant, the computer simulation is probably tha best way to

da it, bacauss you kKnow it's constant, sverybody it starting at the same

point.. everybody can chose to go whera thay want.. the computer will keep
track of whera you're going, in that sanss it makas it aasier

Latar she added:

| think that it benefits you becauag it's very true ta life, you're not given anywars

in fifa and you're not necessarily given a method to finish a project and for you it

gives you a sensa that you nead 1o chocse your priofities and use your kils in a

very demanding way, eapaciaily analytical skills.

| axked Emily about working in groupa of with a partrier. She said she ugually struggles in
gmupumshuhuahmlmmmpwphah-dmnotknw.andmwmhthnnm
people she works with 1o be as compatant ax she is. Her main comment was, I don't want to be
hindered by anybody.” She needed more time o avaluate her pariner for this project.

Emily was not avacwheimad by the introduction to the project and thought the
immduclwvidmwmfunnv.amnuqhshimheiomsmdmtlnuungutnr-ﬂnwnmmm
character they report to bacauss it smphasizes that thay are doing the work for ihe professor
more than for s own sake.
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When | gskad her about the connection batwean lecture and (ab, she said, "1 can saa 2
reistionship, and | think it will be strangthened as we go on,” and cited sxampias from he
radicactive materiais lectures as somathing that would become more riddvant latar in the
sameaier. When | askad her wnat the purpose of the lachurm was in tarms of complating the
projact, Emily said, 1 think it'a giving us the preparation to understand what a problem could be,
where potantial problems could come from, understanding that is crucial to progressing.”

Sha seas most of the work for tha class as busywork but prafers the weakly quiz format
to midtarms or larger sxams, which she sass as generailly more stressful. She appraciated the
reakworld parspective of A Civil Action, saying, "You'ra not like, 'How | could avar ute thia in real
Ifa?™ Stll, sha was concamed, a3 she said:

A lot of giria In the class don't have as much confidence in sciance relatad and

math related, their abilites - intmidated and unnecessaily fsarfil - and it achially

makes me worry bacause. .. 'did you get thet?".._Are you joking, naary a high

school course [level of difficuity].”
| asked her If she thought the pace of the couna was starting out 1o siow. Sha said, no but, “If
thay [inatructors] siawed down 10 axpiain thess things I'd bs very upsst...I'd aimost be nsuited.”
She wished tha othar young woman in ihe class would be mone confident and did not want any of
the instructors caving in and giving away anything more about tha class or the project.

| askad her what she thought she might walk away with from this coursa. Emily said:

| think I'm going to have even more of a sanse of conservation and care for

axisting environmental problema that axist now. .| think Bioaphara changed 3 lol

of the ways of how | think about things, and going to Bicaphara, and

lsaming...aconomists think that markets rule tha world, it's tha ba all and and of

avarything... the earth ix the be all and all, not Wall Streat, not the stock

market...i's actually really funny the way things are explalned in aGONOMIC tuma,

SCONOIMIC reasoning with complets disregard for human paychological

compassionate 3ot of. . just dossnt play.

She also thought, “Anybody who's taking an environmental related course has somae sort of
sanse of compassion or responsibility,” and went on to describe a story where her parents had
cleared an anea in the woods and buit a house. Latsly her fathar had been planting

modosandrons, and e could not understand why the daer kept coming by to aat them, even
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though Emily pointad out that the desr were thera first. The big message Emily assumed would
be pushad throughout the course was the power of humans io desiroy the environmant versus

tha nead for compaaiion.

Qgtober. Whan wa met in October, Emily was growing frustrated with the mapmaking process, |
askad her o describa tha source of the problem. Sha said it was, "A function of assignment and
tha way wa have 1o go about it and tha restrictions about the computer program.” She had
brought in soma notes sha had written down about her frustrations. She wantad to be able to zign
in two people to the same account at onca to collect points more quickly and had trouble justifying
1o harsatl why they had to collect the points off the computars instead of having the data handed
to them to use. She said, “| understand the point of what we're supposad to do; understand the
significanca. ..completely ridiculous 1o copy.”

| agked her about the theory that having students spend the first few weeks getting
comfortabla with the dataset and doing the painstaking process of map construction allowed
students the chanca to process the purpose of the larger project and the various inputs they were
gelting from lacture, the readings. and the |ab instruciors. Emily said she thought the delay mighnt
be intentional and pointed out that students did not have anough knowindge about the process to
do anything else yet. This discussion seemad to caim har dowr & bit.

Emily was alao one of the few students to be frustreted by the technology, saying that i
was difficult to put the testing points in exactly the right place. Emily agread that having a mouse
for ench lab computer would solve most of this type of computer probiem. She offerad that
whmmumaulnwnalsoinmnﬁnnﬂtngmnudenuasumolmutudimmmnfmaldam
collecting, but | axsured hec that this was nat the case. She commanted that the important
concapt to gat from the datasets was an understanding of the contour lines that one generatss
from the data, which would sugQest which way groundwater would be fiowing. | asked Emily if
she thought making the maps paint-by-point would help har get to know the map better, as other
atudants had indicated. She said that might ba true to soma extant, but she expectad 10 usa the
mhﬂmmﬁﬁ%m.wummwwmmwmwﬂl then. |
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sxplained to Emiy that we had cut down on the number of points sach group had to gather by
having lab teams share data. Her maponse was that she was used to looking at data that she
collected in har own way, 80 it waa frustrating 1o have to incorporate other people’s findings
becauss soma of the data was incomrect and she had to check it harself and ask them quastons.

Emily had no subatantial comments about Jos, saying ha did not give a lot of straight
ankwars, but that it was not 3 problem. Ak with many students, Emily fait the fab quizzes were
helphul for directing studants to important information, but in general ahe thought the class was a
lot of work and not very difficult. She axpactad the class would, “Get a little more
intarasting...once you starting analyzing the maps.” She was growing impatient waiting for the
opportunity 1o start the analysis process, saying, ™1 feel like the lab dossan't allow for it
[analysis]...going to be the most impartant part of the procedure.” At this paint, she fait like she
was siill following orders and could not head off in her awn dirsction yet.

Ouwr discuasion moved to the tecture. Emily said, “The groundwater kecturs halped us
prepare for lab this week and how we ars going to analyza tha badrock layers and how to analyze
ihe ares whene the pumps and wells arg.” Regarding A Civi Action, she said, “Seeing the
sciantific side of the book helps gives you background if you find something, what that could
imply.” Sha claimad to like the book bacause, “It's clegr that it's relevant - you're: not raading and
going, 'What is this? it makes perfect sensa plus it's really interesting.” With Or. Bower's lecture
style, Emily pointed out that his ganeral tactic was, “Trying to make us scared of
averything...obviously it's an awareness class 30 | understand that you have to do that to make
pecple aware.” She noticed his anthusissm about the material but was somawhat concamad that
some of his scare tactica might be axaggerated and that the lass confidant students wers Laking
him too much at face value. She did think the difficulty of the lecture material had stepped up, 50
she was less concamad with the ciass being too sasy than the a3t tima we met.

November. Emily was finishing up her Phasa One report when we mat in early November. She
was frustratad on saversl counts, one being her partnar had lost Some key data that she had to
re-collect, and another baing that sha had paid for interviews in the computsr lab but did not have
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headphones, 30 she could not haar tha key people whose interviews were audio/video-banad.
She suggested a taxt transcription for aach video be pravided in addition tg the audio. Stil, she
wak able to talk me through the relavance of the sediment analysis thay had done in class and
haw it cormelated Lo the visual reconnamsance. She said she still had more interviews to do
before she could compilete the report, but she feit good about her bedrock mag, which she feit
the could axplain batter than most paople. Emily was aiso disturbed by the cost sinscture for
visiting paople in Pleistocana Court, which seemaed unrealialic in how it chargad per visit each
tima sven though the houses were right next door (o each other.

} asked how tha guidance had been in lab recently. In reference to Jos, she said, “if ha's
baen taaching for thirty years, Il give him the benafit of the doubt...once | figured out how to
approach him, my ralationship with him has besn graat.” When | asked what his style was like,
sha saict, “He hovers and asks questions and tries to get peopie 1o think about things...a lot of
paopie have poor relationships with him and he wor't give him the information thay need.” | asked
her how sha got ko whers she is with Joa. She aaid, “The questions 'm asking ket him know that
I'm on top of it and...they're not dumb quastions.” As an axample, sha described o problem she
wak having with the bedrmck map in trying to figure out whather contour lines can mest and then
saparate again, which sha knew 10 be mathematicaly possible, but ssemed unlikely on a cohtour
map. Sha présentad this problem 1o Joa and ha said that white it was theoretically possible, shi
should consider the possibility that there ware paraliel lines rurning very close to each othar
instead. When she lookad at the problem, she realized that hé was correct.

wnmIuuudEmﬂyifsmmdanym&mughﬂmwhatahomigl\tbamhhgmym
ﬂmpmiad.shenid,'lmhkl'mnnhmuwaIKMywimknowmghnwtnmknnlutdmimtiﬂc
information and a lat of more personal information from the interviewees and kind of put them
together into one conclusion.” Later she said, ™ fesl ke I'm doing Civil Action. | mean | fes! like
I'm & iawyer... § think it's kind of cool.” She described how she had done a summer intemship
whena she had tb do a lot of interviewa for a corporation, and that she did not have 10 concam
hersalf with avaluating the credibiity of tha information she was receiving, whersas with
Brownfield Action that was a promary concem. She sakd:
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| guess I'm doing something new in that I've done ail this bafore 1 find when |

writes the more scientific stuff...| know how to explain data and from this summer |

know how to explain interviews and no this n't that hard for ma but this ix the

firat tima | did A-B-C-D-E and put it all in one paper.

Tha tie botween lecturne and lab was pbvious for Emily. She was uneasy about how
cartain subtieties of the class ware being ovartly expiained that 3he was uasd (o picking up and
having as an advantage over other students. Sha gave the sxampie of looking at density of plant
growth as a ciue to where something might hava baen placed underground. She said:

The nice thing about his project ix evarything makes sense...il's just nice that

averything is designed o work out. if you do your stuff comactly, like | was

looking at the handouts, iooking at the septic handouts before lab, bafore

anything, and then looking at the map, "Wait thal's disturbad land, and hey, isn't

that wharse the sapilic aystem is, and weil, isn't that nice,’

She had noticad this on her own and did not want this type of secrot given away (0 others wha
had not taken the tima to nolice.

As for the quizzes, Emily 3aid she puts down extra information to cover nar bets on
quaestions that she knew would gat graded on more than what the queation asks for. Her ona
concem with this strategy was tine, as thare was not a standard amount of lime allowed for each
quiz, 30 putting down axtra info camied the risk of not finishing.

As was typical of several other students, Emily was upset at the resclution of A Civil
Action, saying, "I was 30 angry...! mean | waiched tha movie the same day | finished it. | was 3
litthe upset to read 50 much at the end, but | just went to Jibrary and finished it." Later she added,
“The court i not the truth, jusiica, what is this?" in clear frustration at the autcome. Still, she feit
the book was valuable to read on its own and relevant to Brownfigid Action in that, “Reading the

book is your guidetine to how to do the report.”

December, At our Decamber meeling, Emily started out by telling me the strengths of her Phase
One epaort, saying, “| think | axplained the badrock map pratty wall and | think that | analyzed
each component to why.” Sha exprossad a concemn that perhaps the grading was too lenant
since 30 many peopie She Knew did wall, which seemed to take away from her accomplishmant.
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However, in private, Joa had specifically mentioned io her that her report was one of the bast that
hé hao read. Sha said Joe haxd remained conaistent through the énd of the samestar, and that
thay still had & good relationship,

In speaking about Phasa Two, Emily was concamed that the groups in har lab did not
find the underground storage tanks that were supposed 10 ba prasant on the Seff-Lume site. but
in ganaral she was less stressed out about writing the Phass Two memo. She had a clear idea
about the plumas they had discovensd and was in the process of analyzing what they found at
poth the gas station and the Satf-Lume site. She thought the mapping of the story’s characlers in
lab was heipful for averyons in putting together the key points, and was happy that occurred after
the Phasa Ona was tumed in 30 people were not let off the hook entirely if they had not dong any
work on the interviews.

In har comments about lecture, Emily focusad on Sient Spring. She was satisfied at
having it at the end of the semester, $aying, “it's easker for ys 1o am about the injustice of
evarything of it and the consequences. You've intraducad to the whole iden of contamination
through Chvil Action...then you get a litle more apacific.” Sha went 1o axplain how reading Sitard
Spmigatmilpnmmmnmuwwmwuntum.'Ywundarmdmncmqumnf
sverything she's [Rachel Carson) talking about.” in ganeral, she was more intereaied in lecture,
aaying, “I think | lika it betier bacausa it's mons policy onented. The infonmation we're laaming
now makes you think about problems we'ra encountering today,” and later, “If you're gaing to be
an envirohmental aclivist, thete are some of the things you're going to have to deal with.”

Emily said the cutcoma of this class was predictable for her, but the class still surprised
her. Sha said sha got the course evaluation form and was filling out the questions whan she
realized, *i's been 8 very good class and | haven't given it credit for being a good class.” In fact,
she said, “It was o of tha best ciasses i've taken, aside from Biosphera, bacause you do liam
something from it." She realized that comment did nat say a whole lol, 50 sha comparad itto a
mummlimagma.smmmwmmmmmlmm,mumam
not think about them outside of class. Howevear, she added, “When you're eating grapes at a
dinner party and you're lika yeah._.. pesticides, grapes...| think I've talked about that video [shown
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in lecturs] four limes since | xaw it with different friends.” in other words, the information and
ideas from Dr. Bowsr's course stuck in her haad. She reiterated Or. Bower's comments about
aducation being what you remember six waahs or alx months afler your formal education i over,
and said, "I'l have a lot mone to say from this class after 8 montha than | would taking other
coursss.” Whan | askad her what the natum of thess thinga she would remember were, she said
thay wens mostly awareness itsues, but that the report writing was also valuable. She said,
"Practicing the whole method that you are going through when you are writing the
reporis...putting A-8-C.D-E togather. ..the more you practice at it the better you'll gat.”

When | asked har about the cumulative buikding effect of the class, Emily said:

The fact that its built reinforces everything you've leamed, reinforces that this is

important, and it s important bacauss you can’t forget about it, and you have o

us# it in averything sise. Therefore you have io be aware of it.
Whean | asked her if this teaching strategy was assential to this type of courss, sha »aid it was not
sasantial 1o gat something out of the coursa, but that ik contribuled greatly W the depth she got.

in talking aboul the simulation, Emily said the computar's rola in Brownfield Action wais
appropriate, and that in general the best role for a compuler in lsaming is, "By being able to
supply you with ail the data you need,” 5o that students do not have to waste time hunting and
geiting frustrated. She questionsd my inquiry about having the computer instruct studenis in this
coursa, saying, "Wouldn't that defeat the purposa” She said the burden for warking through the
material is on the student, and that there was plenty of guidance. She mentionad that Joa had
suggested studants who wears atruggling set aside thirty minutes aach week 1o reflact on what
they had dona in the coursa and review. In Emily's oginion, if students choze not 1o head that
advice, it wan their fault. This solidifisd for ma that Emiy wouid not have survived the additional
handholding that went on in a Diane lab.

| asked Emily what the main message of Brownfisld Action and tha course was. She went
back to het awareness comments, saying for example, "I's the large senss of you know wihen
you §o to the gas station, and you see monitoring wells you know what thay are for.”
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When | asked her about how the course changed or added to her views of anvironmental
scienics, she said, “Paopie tend to think that they're individual impact on the environment dostn’
make any difference, whereas in the great achems of things it does, but if evarybady thinks that
way, wa'rs in rouble.” She admitted she already fait this way afler har axperience from
Biosphere, but added that this course expanded her thinking béciua, “it glvas you n sense of
ynuhnwtnminkaboulmemmummolyuurmﬂuummifyoudnilwimwtminkhg
somaetimes you CBn causs more hamm than you aver would have imagined.”

Beflecting on Emilv's Case
Emily was the most mature and thoughthil student in the study. Sha had the most

consistent well-articylatad comments and cama into the class with the moat background and skils
as a atudent, She is an axample of how a fop-notch student can benefit from the course if placed
in a Joe-styla laly. Michelle and Janet, who are similar in their atrengths as students and in thair
backgrounds toc Emily, but had Diane Iabs, struggied to maintain angagement. Emily
mmmdmhmummmonlofﬂmhﬂtmmdm-ﬁm.

Emily did nct seem to benefit from the humor in Brownfield Action as it was rarely
mentioned. Sha apparenty did not nead it as she was confident and not averwheimed from the
start. She overcame obstacies with her pariner and her lab to incorporate other peapla’s work into
her own. She clearly predictad and articulated the benefits she received from the connection
batween lab and lacture, and understood the purpose behind the sirategies baing employed o
keep students motivated and engaged.

Emily was hard-sdged in her criicisms of details that could improva the experiance. She
was also hard-nosad about the burden placed on the student and about nat giving students mare
than necessary to succesd. It was these commenta that made it clear that a Diane lab would
have sent her resling (as it did Janet). As it was, Emily did grow impatient with portions of the
Mmmﬂﬂoﬂm.m.hmm.miwmmtm
mmmmnwmmmmmmmmmnmuam
and in integrating many of her disparate skils as a researcher inlo a large project.
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Erily's caso Serves as a reminder that students of varying leveis can benefit from the
same simulotion experience. Even though all studants were given the same set of laming
opportunities and the same objectives were in place for averyone, Emily was an axampie of how
a strong student approached the challenges as opposad o some of the mora nalve students. In
fact, Emily showed evidence of baing another lavel past Michedle in her deveiopment. She clearly
realized the game of college and how one can take the sasy route and get by, and yat, she had
no Intention of following that aasy road. She showed clear frustration when sasy roads were
prasentad [0 other students and thay took advantage of them. She openly criticized curricular
decisions that gave away oo much information or provided aasy accass 10 a solution. Emily saw
the integrated whole of the experiance, couid step out of it to raflact, and could sae how its deaign
was affecting decisions by other studants. She also made many more suggestions about how (o
improve tha expariance than any of the cther students. Yet stil, at her level of developmant, she
still benefited from going through it and in fact, claimed it was one of the best educational
experiances of her lifa.

Student7: Angeia
mmminaumnd-ynrmu:h:mainratBmdinmumm'um.smhlaking
tha clazs paas/no pass and is clearly the most fearful about taking this couras of ali the atudants
who participated in the study. She believed snvironmental science would be assier than any of
tha othar scence options (sha polled her friends bafore deckding) and her only gosl in taking the
ciass is 10, "Get rid of this horribla lab requirement.” Savaral imes sarly on during our
conversation she said, ) don't know.” or, ") don't care,” and it was often difficuit to prod
information from her_ | axked fier about her high school axpenience with science. Angaia said
sciance was aspecially challenging for her in high achool. She recalled having a good biology
teacher and bad chemiatry and phyaics teachers. | asked her if deciding o take the course
pass/ng pass wouid affect the amount of affort aha pat into the course and her attendance. She
said attandance would not be affectad but affort and time spent out of class would definitely be
affected. She dascribad scientists as analytical, mathematical, concise, organized, and decisive.



126

Sha soes harself as, "Definitely not analytical...i'm very literal_. 1 don’t fasl a nead o explore,”
although she did admit to being good at math_ | suggasied this was not surplising as many
paopis with akila in music also show high mathematical abilities. She agreed she had heard that
statement befora. but rezpondad that she did not like math or science, and repaated that she was
just looking for the aasiest ciass to take.

| asked Angela what she thought she might get out of the class, if anything. She
regspondad.

I think | can be more analytical. ..the thing | like about what Peter Bower said

about what you remember six months aftar, | ilke tha practical axperience. I'm

vary practical. If | can't relate it to my own life, then it's of no usa, but | think | can

dafinitely leamn somathing from this class.
| asked her if she thought this something woulkd ba more content-orientad oF more skill-oriented.
Nﬂmmm“idmmntmnuntmumcﬂwwbuﬂﬂinmhnrlﬂn.nmnummm
taikad about her love for maps. She said, ™ like topography...always been into geography.. tha
whola thing...| just iike that king of stulf,” and Later, *1 love maps...I'm a very visual paaon.” It
ssamed she was angaged in both the skill of mag using and the content area of gacgraphy and
maps.

| asked Angela i anything in the lab had baan any fun so far, and sha mentioned the
introductory video being, “Hilarious.” | asked bat if this was important, and she said, “Oh God,
yes. My bast teachers were very engaging and made me laugh,” and tater, definitaly think
humar is & big part of my lifa, part of my aducaton...it makes me sqe the person as 8 human.” |
asked her whit her concaems about lab were at thia point. She talked about her dislike for
mnmm,mwnmm“nummmﬂmmnpmmm.lumhunu
hal:lbecnl'ﬂlpful.Shnnidhnmnindﬁdhnrﬂfabadmlﬂimshehwinhiﬂhlmml.who
wan aiways over her shoulder making her fesl uncomfortable.

Angela did not have much mora to say about lab, 30 we moved on to tha lacture. | asked
har i the lecture and lab were connectad in any way. Her response was, ™l guess they could be
connected. | don't know. ..l sa8 lab as an extansion of lectura_ ™ Whnen | asked for an example,
Angela mentioned thet Dr. Bower had brought up the lab project in lecture. When she could not
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get any more speciic, she apolagized, saying, “| Zone out sometimes.” | asked her if Or. Bower
was 8 good instructor. Angela said, “The thing | ke about him is ha is straightforward....not like
he's my favorite professor.”

Again, Angela ssamad uncomfortable continuing down that discussion path, so | asked
her about har exparence using compubs in a leaming context. She deacribed that she did the
Oragon Tradl program {a popular edutainment softwive package), which she thought was a lot of
fun. She claimed & have not laamed anything from it. | asked her if she thought Brownfield Action
would be similar. Angela said, “it's going 10 be interssiing, reminds me of Oregon Trad...my
parthver was so frigal...'m going to be like that. | want to ba the cheap one.”

| askext har how she planned to study for the course, and sha 3aid she was the ullimate
procrastinator. Sha aaid she is unable to do assignmants early, that she need the deadiine ta be
panding. and then she can, “Work vary well under praysuna.”

| asked Angeia il there were any partcular concems she had about anviconmental
science. Initially she said no, but then suggesiad that she had a fascination with water ince a
fourth grade science experiment. All tha students in her cass had to bring & sample of tap water
from thair home to ciass and her inner city water was the worst. We want on to talk about haw A
Civil Action has walar as a big topic, and she said, "It's a good read.” She added that she
normally does not like reading for school, and that, “English ia not my strong auit.” | asked her
whial it was about resding that made it difficuit. She said she was always struggled to perfom
analysis on books she had read bacausa she was only focusing on the plot.

| asked Angela to name the acasemic akiis sha had that she fgit most proud of. Angela
yaid ane was good st mamorization and had, “Baen blessed with a talent,” for music (in fact she
claimed to have a 3ong in her haad at the time but would not sing it for me). | asked her if she
hadMymmicintmuh.mdshGuﬂhhm.Whmlﬂkﬂmy.Ihlsnid. "I'm good at
memorization, can relate it (history] to my own life...aiways watch TLC and The History Channel.”

Angela cleary was going to be a difficult cass to win aver with any projact, no matter how
well-concaived.
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Qctober. Angela and | met for this second time in sary October. Sha and fer partner werns
working on the bedrock map, but she could not remember ihe name of the test or how it worked.
She ik bar partner was good, that, "We do the work, but we do the minimum,” and (ater, “Il do
whateves but luckily sha's in the same boat,” maaning sha was happy that har partner was ot a
raal go-getisr who would iry to motivate her io excel. ! asked her what the point of mapping was,
and she aaid, “it's a task...is there a point to this? | asked her if Jos has pravided any guidance
as to why thay were doing thess \ssks sach waak. Angsia said, “He's good...not cutstanding,”
but couid not (or chosa not to} give me any specifica on his behavior or whara tha projact was
haadad.

Bacauss many of the other students had zaid the iab quizzes helped them orlent o the
imporiant material, | asked Angela how they ware gaing for her. Sha said tha Visusl
Reconnaissance quiz they had wis hard and she did not do well. | asked her if this heiped her to
know what to pay attentian 10. Hear responsa was, “We look the quiz. it's over. We can mova on. |
haven't really retained.”

| maved on to asking her about ugsing the computer. Angeia said it was atraightforward io
use but agread thatl 8 mouse woukd help with some of the ponting and clicking.

i askad her what her and her parinar's strategy was each time thay came 1o lab. She aaid
they wait for Joa to gel them going. | asked why this was the case, and she suggestad that whia
s0me people ars more independent leamers, "1 would like to have some clue, don't like the
unpredictability.” | axiked if it would ba heipful 1o have a more siniciured cutline of the lab. She
agreed, "It would be nice to have - not like - | guass an oulling.”

Basad on her decision to take the class passino pass, | asked Angala how concamad
he was about her parformance to date. She said she worried about this course more than olhacs
becauge tha got lested weakiy, which at this point, she said she prafermed 1o larger axams aven
ﬂmnhitfﬂtllkuhiqhmnl.lHkadharﬂhhthHQulzzlsfmdhﬂhuntnm.aﬂd
mw.ﬂmmm“HHﬂwMMMm.WhhmHm&uh]uﬂaﬂanmrn.
she mentioned, “) noticed yeslarday he talked about Brownfield Action. He was talking about what
was gaing lo happen next weak.” She said this was tough for her becauss he was refeming to
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them atating to interview peopis in the town, and that it was recommaendad that people get
startad on that. However, she had ot had (ab yet for the curent week. Angela’s point-of-view
was, “1 nead to take it - ike - ona thing at & time,” and this was anolher obatacle she had to
QVArcome. Stil, she was looking forward 1o the interview portion of the investigation, ax she said,
“I'm sort of excitad about that. Thera's a faca to this...thare's actually psople you can talk 15"
Still, she had missed the crucial lecture on groundwalsr, so she was in the dark $tll about the
mBin pupOss behing the tasks thay ware performing in leb.

One positive area for Angaia was the book A Civif Action. She said, ™) reslly like it
because Brownfield is ke a mini Civil Actian or Brownfleld I3 something that could.. actually did
happan in Civil Action, 3o that's really cool, the connection.” She said the study questions ware
tedicus but piot-relaled, 5o she did not mind them. When | asked Angela if she had any new
thoughts about what she would take away from the class, she saki it would be this boak because
of the corelation between it and the Iab axperience, no matter how unciear that sssmad (o be.

Looking back at soma of hor past comments she was stil convinced, “This wask the Dest
class for me to take. .. | just know, it's not that bad, it's sort of annoying how it's atructured, but... "
When asked if it was betiar than the aitematives, she agreed. She also still wanted the practical
sxperienca out of this course, and she claimed (o have not given up. citing batier relations with
Jom and the overiap (she callad it, “More mingling,”) batween (ab and lectuns.

November, When wa got togather in early November, Angala was visibly distreased. Her Phase
Qmmpuiwnduntmnutdnymd;heandhurpmnr.'mmuru.num‘tstmm.‘ She was
draading being up all night, and did nat know how thay were going 1o begin. She claimed lo have
logt her sensa of pupate, but 53k, “I'm going 16 gat it within the naxt tweive hours.” and again
ater, "The purpoda will ba found by ning am lomormow.” When | asked her about the tasks she
had bean doing in lab, Angela compiained, 1 do these maps and - like - what's the point? | feel
fike I'm drawing.” She aisa st me know that her partner faked to show up for lab even though she
had the maps they had besn warking on.
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Since the maps were clearly 8 sore point, | asked her about the sediment analysix test
thay had done. Angels was positive about that, saying, ™ liked that, feit | wax doing something,
instasd of - ke - drawing mapa. | was seeing i. | wasn't just plotting points.” However, when |
askad her what she laamed from this Lab that would help her writing the repart fonight, she said it
was batter bacause it was fun and that ahe did not lsam anything. | was nat convinced, sa |
promptad her with some hints about discovering the soll type, but sha still faiiad io relate d to the
Brownfield Action investigation.

Angels changed the subject, complaining that her home computer was nol working, so
sha cowld not 1og i to the project. She alsa was concemed about the interviews because she
wis having trouble undersianding what the peopla ware saying. One problam was that she
interpretad Mal Sangre, the charactar who died from radiation expoaurs, to mean “Bad biood,” the
IReral Spanish transiation, and did not cateh on that it was a person.

) askad her if Joa's guidance had bean of any heip. She said he juat laid out the tasks
and, “Doaan't apply what we'ra laaming.” | asked her if sha might have been betier off m Diane's
lab based on what she's heard from other students. Angels agreed, saying. *| would cars a lithe
bit momne abdut the class. . .| fasl very loal.”

Wa ratumad 10 thi one positive note in the course, A Civl Action, to which she said, "It
was a quick read and a good read. . ) fes! like we're doing A Civil Action. This thing could
happen.” But than she switched tracks, saying that she was not gaining anything from the
axparience any mors, that it had, “Gotlan more and more pointiess,” and the amount of busywork
had tuned her intargat off. Her main goal now was to survive the remaindar of the semester. |
asked Angela how she got into her cument conundrum. She admitted she had baen missing
lactures, saying, “1 can sit in the lacture and still not understand what ha's saying...| haven't been
in a while,” and that thia could explain why she was missing the point of everything in i courss.
| amkead har if she preferred lab to lecture, and she said, "t aiways liked lab better bacause | fesl
likee we're doing something,” whare with leciure, she said, “it's over my head...when you start {0
get tachnical...” and then trailed off in fumtration. | asked her if Joa was any haip in clarifying the
lactuse material, as Diane had been for Victoria, bul she seid indicated othefwise.



13

At this point, | fait like | had to ask Angela why she agreed to participats in this study. She
said, "'m uniqua in a ot of things when it comeas to academics.” She wanted to make sure her
experience was represented. She said she was not preparad for the chemisiry and formulas
invotved in the course. She reminded ma that she did not do well in high schoos chemistry, and
that she expected this course io ba more absiract.

One glimmar of hope for her was that she was considerning a visit to a tubor and that it
was not just this courss, but several of her courses that were giving her trouble. For Angela, thare
appearad 10 ba arge: issues than just this course that were contributing to hee academic
struggies.

Decamber, Angela started out cur December mesting talking about her [ong night writing the
raport. Sha said it was painful, “Probably one of the waest experiences of my life. it was hornible.”
| asked her what made it bad. She said, "1 didn't know what 10 do....| was raally frustrated. . dikin't
know whara {0 start.” Sha talked about how her partnar offevad to aliow har 1o paraghrase har
paper, but she feit unethical about doing that, so she dactined. Still, when | agked her where the
words for the eport came from, Angela said, 1 was writing from - you know - air.”

) asked Angela if she was satisfied with the assessment she received, 3nd she said she
had dona badly and wak not surprisad. Agparenty she had left out 2 section of the repaort in her
haste_ | askad her if there was snything positive about her repart. She 38k the intesviews worked
outﬁmandmwdidwuuontruirmnpu.wmmﬂheswmlndminﬁguﬁngoutﬂnrcy’sLawand
how It related 1o the project.

When | asked her about the Phass Two work that had baen gaing on recantly, Angela
said, “It just gets moce and more pointiess. Today | was like. "Oh my God, U'm a0 glad this is
over,™ and went on talking about how she wished she did not have a moming lab since she was
not 8 MOMING Parson. | askad her if there was any sense of accompilshment in finding some
contamination and if she knew haw ahe was going 1o write the Phase Two memo. Sha was, "Sort
of excited,” to have found something and was not clear how she was going b write the memo.
Her only coxnment on phase two was that she wishad it was worth mom than six parcent, thinking
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if sha did wall that it might help nher reach the pass level for her grade, which she was not
canfident ahe had achieved.

| moved on o questions about the lecture, Angela said her attendanca had improved,
and that she was enjoying Sdent Spring, saying, “It's compelling. It's ays opaning, makes you
think.” She pointed out that tha two books wera tha only things she liked about the course and
said, “I'm glad | was forcad to repd tham.” She did not mind the related stidy quastions,
aspacially with Sikent Spring, which sha sew ax morm textbook-like, and thus a betlar Bt for study
questionk.

Looking back at some of her pravious comments, she 33k her parther had been better
gver the last month and that in general the Phasa Two group work was betier becauss. ™1 don't
really have to pay atiention.” This was not to say she was not doing any work, though in the
axampie she described a silualon where sha and Joa had an aitercalion because:

Ha was making fun of ma because | was not doing anything but 50 was 8 lot of

people, 50 | don't know why | was singled out... | don't ke it when teachers say

that | don't da anything, | do somathing, give me cradit for that. . somaons atks

me o do something, I'm going 1o do it

) asked Angela if sha had followed through on har intantion to go to 8 tutor. Sha said no,
that it was mone anportant for her to rest than seek out a tutor when she had tha fres time
availabde. In addition, her probleme in her other classes had resoived thamsaives to her
satiafaction, so thik course had becoma thes main obatacs o Gvarcoma in theze a3l remaining
waaks of the semaster.

When | asked her if ahe was surprised by the way this course tumed out, Angela said:

| thought it would be easier, more manageable. This whole samaster | had a lot

of axpeactations for things and they just didn’t work out, or it ended up that |

coukin't handle all this load, having a heavy claas oad, and then work and then

netivities, just bean very ouerwhelming.

She admittad thix courss was not the source of tha problem, and that she thould not have
mwmmuuthm-dedmhﬂnﬁanyuath, She rememberad
that she hoped to get soma practical experience about the environment and 1o bacome mMore
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aware. She thought she did achieve soma of that, thanks to her reading of A Civl Action and
Silent Spring. Whan | asked her if she got any skils benefits out of the coursa, ahe said she feit
some of them had deteriorated, such as her ability to manage her tims.

| asked her about the prospects for laaming from simulations given har expanioncs. She

It dapends how much you put into it.. .| thought | was going to get somathing out

of it but when | realized it was just a [ot of cakculating and stuff lika that | just.. |

didnt think it was going (o ba so much. ..i don't know. . .scientific.
She suid sha expactad the project to have moms sociad aspects but that the interviews camae along
too late in the process, whan sha had already tumed off to the experience. Sha did admit, *1 know
environmental scienca is scienca and there's going o be magsurdements and stwif, but | didn't
think it was going to be ad [italics added] that." | asked har f starting the interviews eaniar and
sasing into the acience wouk! have haiped her and she said yes, but that in general:

i'd rather be inatructed, | don't like baing laft 1o my own davices, and that's what |

was, laft to my own devices, and | diin't reaily know what lo do in the first place,

30 | totally just came to iab axpacting to ba told what 1o do and you'll do well.
| agkad har if she was an independent person in har approach to her daily life. Her responss was.
“I'm a very indepandent parson.. .but not in an academic setting.” She described how she was
more saif-motivated at her piace of work, where it wad, "More like a democracy and less like a
republic.” She meant that peopla cooparated better and thers was a better sensa of community
with tha group than the way Joe ran tha lab. Again, | mentioned this was parhaps more evidence
that sha Might have been betler served by a Diane lab. She agreed and said she was irying to
fing out what labs Dimne taught 30 she could ba sure to zign up for the right section for the next
semaester,

Uttimataty, she said she would ba taking what sho leamad from the books with her as she
procesded with her schooling. She again mentioned her dasire to know more about water and
how A Civil Action fulfilled that for her. She admitted thet knowing something about chemicals

wiouid make her mone Swar as wall
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MHar summary conwnents focused about the course were that, “Lectiee and lab were not
togethar,” that it was, "Annoying to go from lacture to lab within a vary short amount of ime, hard
{o lika try to find a connaction if there was a connection.” As a last resort, sha suggeated a
combined small cass where the lecture and lab were taught together. Again, this waa more
avidance that Angaia might have survived had she besn in a Diane lab.

Retiecting on Angain's Case

Angela clearly did nat engage in this course, and yat she atill recaivad soms banafils.
Soma would argua that her attitude suggests she does not belong in college. espeacially not in an
alite liberal aris school. Some might suggest she would be batter servexd by a fine arts school in
misic that would allow her 10 focus on her musical talents without the distractions of other
subjacts.

Howaver, one must wonder how thig type of atudent would do in a Diene-style lab, and
how many othar students like Angsia there are in this course and in the collage? In past large-
scale avaluations, very few students reported such nagative feelings about the coursa, but thera
wens alwaya 8 hanchul out of tha approximately 120 students aach year. How many of this type of
student are saved by a more nurturing lab axpariance? What is a professor's and lab instructor's
responsibility tewards this type of shucent?

Angela did not ses the iacture and Iab connaction bacauss she did not consistenty
attend lacture. She did banafit from the readings bacause she made the affort to get through
tham. She did not banefit from the report writing becausa sha did not make the sifort to figure out
the project’s goals of to understand what was happening in the class as it proceedad. She did
find the opaning sequence humarous, but that alane did not keep her motivaied for long, and
Joa's style did not encaurage her to engape as Diane's might hava.

Isitmlnjobolmhmumdiuhstructomtnmakasmdantsfu!gmdnboutwhmm
jearnad, Mo mater how litte larmning there actually is? Or is it to presant students with a larger
lsaming opporiunity befiting of college-iavel cradit that some will achieve and othars may falt
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ahort of 7 | would argue that it i the latter, and that Angela represants a case of the type of
atudent that doss rnot measure up Lo the standards expacted of an undergraduate.

St thess students exist, and | sae it as important that Angela chosa 1o participate in this
study. She stated that she wanted her poini-ol-view reprasented. | ase Angeia's act of
participating in the study as a realization on her past {conscious or not} that she is not in the right
place for where is sha in het life. One might call it a ory for heip, but what she fails 10 undersiand
is that she has to heip harself. She has to dig harself out of her insecurities and step up and take
some responaibiiity for her own laaming. She rejected Brownfield Action and this course's
approach because it did not lay out a clear path for her follow. Angela is vary atachad to the
traditional spoon-fed regurgitation mathod of instruction, and so fearful of her own abilities to
consiruct meaning out of her expenences (recall her desire to avoid symbaolism in her reading).

Angela is 3 surface dweller. She has not yet ieamad how to leam, how o engage in
material in a deep and meaningful way. In a compiex simulation, staying on the surface is the
aaziast way to fail. Thers is no wiong path except to not take a path, and that is axacily what
Angeia did with Brownfield Action.

Student b: Measn

Saptember. Megan is a second-year political science major interestad in a career in palitics. She
is interesied in campaign finance reform as a vehicke for fostering policy change, including but nat
limitad to environmental lagisiation. She has work axperience in campaign finance reform and
sees snvironmentsl science as very intertwined with politics. She i not neceasarily an advocate
of what ahe calls, “Hardcore srvirsnmental protectionism,” that places unrealislic expectations on
paopie, but she datailed her hatred of sport-utility vehicias and excessive pollution to ma. Megan
dascribas hersalf as scientific-minded i that she thinks she is mathematical, straightforward,
analytical, and objective. She is taking this coursa to fulfil her science requirement but also
because the soos the legisiation angls on anvironmental science tying in nicely with ner Caneer
goals. Diane is Megan's lab instructor
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Magan deacribed how she and her tab partner were gelting alonyg very wall initially, but
that she was quickly losing har patisnca with Diana’s taaching sirategias in the lab. She belsved
the lab was taking at least twice as long as necaessary becauss Disna had her, *Head in the
ciouds.” and was fustared and out of control. Megan ingisted that if she could just have the list of
tasks for sach lab, the and har partiner could figure out what to do on their own and finish the
work In the time it took Diana io sxqlain what thay wers supposad to do. Megan's biggest concam
was the wasted time coming back to haunt her later in the semeater. She said, “it's one of thoza
exponantial growth things. 1'm afraid we're going to have to work like mad in November." When |
asked what had been accompiished 8o far in lab, she aaid thay had barely startad working on the
site map, and indicated thave was nolhing more to say becauses they simply had not achiaved
anything of significancs yat.

| asked Megan about using simulations for leaming. She 3aid she ook several science
courses In high school that had smaller, simpler simulated environments involved. Sha said in
thoss cASeS the COMPULSr was aasiar 10 use than looking under s microacope, and that good
computer simulations wera typically straightforward and sasy to use. As an axampla, sha
mentioned an enzyme Lab she did in high school thet used a computer. She wantid 1o hold back
her judgment of Brownfield Action until later on.

When | asked her about mepping. Magan said sha was not a fan of maps (she prefers
writtan directions whan traveling} and found the contouring procass frustrating.

In terms of the lactura/lab connection, Megan aakd, "At first | thaught they were connacted
but now | don't sae them as connected.” As an example, she said the mapping in lab and the
lacturas on radioactivity seemed totaly different.

She wik concarned about the waskly quizzing format becausa she knew that some
waaicl in other courses were going o ba very busy and sha coukl sae herseif siruggling to keep
up in this ciass._ In ganaeral, it seemed Megan was easily stresaed cut and that weskly quizzes
would ba & consiatent sourca of arodety.

When | asked Maegan what she might get out of the class, sha saki:
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| haven't gotten sveryifing from it yat, but to ase more of the environmental

issuas is what I'm trying to gat out of it.. .but it's not something that's really going

to affect my life...more nterasted in more broadar insuas.
She was oS8 interasted in the scientific background and was hoping for mara issues that she
could become knowledgeabls in. She was very pleasad with A Civil Action o this point and was
hoping it wouk! be connacted to Brownfisld Action in order 1o make the ab work aasier.

Al this sarly mesting, Megan was clearly withholding much of har judgment until sha hexd
mone information.

Qctober, Megan's frustration had grown further by the time we met in October. She and her
partner ware stil gatting aiong fine, but they wers running into technical problems logging in to
Brownfield Action in bofh the lab and in thair dorms. Thay weare wasting a lot of time trying to
figure out the protiem, and both she and Diane got very frustrated trying to salve it. Now Megan
and har partner were bahind schedule, but they wers not about lo give up. Megan simply said,
“We'll surviva.”

| asked her if she had any more to aay about Diane's guidancs in tha lab. Megan's
respoOnss Was:

The instruction s generally mors confusing than if | sat thera at the computer and

triad to figure it out on my own...to say she gets flustered 15 a vast

understatamant...and | think her mind is very uni-planar.
What Magan meant was that Diane sesmed to struggle 1o multi-task, and Megan thaught this was
anirnpmnntukillI‘nralablmuudmmnavammqonmhlwenfpmjm.ﬂmnmmhad
ona of the first labs of the week, | asked har if parhaps that could explain why Diane was having
more of a hard time than had been reported to me by other students. However, Megan said that
her friend who had a Wecnasday lab repontad similar problams to her. It is not that Megan did nat
appreciats Diana’s strangths, saying, “She's reslly nice and caring.” Howsver, at the same time, it
was clear, "It'd ba much sasier if we could just get a list of tasks e do,” and later, "When she talks
sha compiotely ioses me.” Because Megan had to miss a lab, she was going 1o go to Joe's lab 1o
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make it up later in the week, 50 3he suggestad she might ba able to contribute aome unique
perspective on the differenca between the lab instructors’ strategias at our naxt msating.

in Waems of the actual work going on in the lab, Magan saw it as tadious and just as a sat
of tasks 1o get done. Sha said this was in part bacauss $he and her partner wene behingd and felt
rushad. She was also upsal, as othar stucents were, at gmups who wale not systematic with their
data collsction. When | asked her abiout the [ab quizzes, Megan said the contract quiz did not
have much valus bacausa Diarve want over the contract 30 thoroughly wharaeas the Visual
Reconnaissance quiz had some benefit. She said, " think it [Visual Reconnaissance quiz] just
makes yoursaif go through it, gives you sense of who you're going to taik to.”

In general, Magan feit like sha should have more control of the projact and whark it wks
haaded. She said, “I'm very much of a long term projact parson. . you can ook toward what you
have 10 do...can't do that hare because | don't really hav a sensa of whers I'm going.” She
repaated har wish to gat a liat of the tasks for the whole samester. She wished she could get
ahead whan she had axtra tima since she knew he schedula would get tight later in the semesier.
She also complained about the lob aiways starting Late and how that coniributed o har stress.
mmmm“mmmw.*mmmmmadnildiﬂinﬁfnrhﬂtnmtho.

| aaked har how lecture and lab were working together. She said they were, "More
connactad than thay were in the beginning,” dua moaty (o the lecture on groundwater that had
taken piace aarlier in the week. She was enjoying 4 Civil Action and its connection o Brownfiekd
Action, saying, "They're sort of doing the sama thing, but Civil Action focuses on the legal
aspect” However, sha found the study quesationa chiklish and urnecessary sinca sha was
motivated 10 read tha boak for its own sake. [ asked har what she was taking away from the
lechires. Sha said, “I'm mom intereatsd in the environmaental lgw aspect, 50 I'm looking Mo
towaird the policy, like what's going on, how do we deal with this stufl.” She expressad frusiration
that Dr. Bower oftan raisad polentiai policy problems that she was interasted in, such & how to
deal with excess garbage, but that he did not always provide solutions to thass problems. The
policy parson inside her wanted the best aptions 10 solve ihw problem, and ha did nat always

readive them for her.
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November. When ma mat in eary November, Megan had resigned herseif to completing the
project on her cwn. Her report was dus the following Monday, and she was in the process of
completing it without any inpat from her partner. Her partner suggested that sinca har computer
did not work that Magan should do all the interview work. Megan quoted her pariner a3 saying,
"Why don't you just do sverything and print it out for me’ and somehow | was - like - ok.” | asked
ner why she allowsd this divition of labor. Magan repiied, ™1 don't like her at all 50 | would have to
do it any way 30 | could do it on my own and remain sane of work with har and have 1o do it
anyway.”

Magan claimed to have spent between saven or aight hours performing all the interviews.
Based on the inforrnation she gatherad. she talked me through her theory about i titiom being
dumped somewhare on the Seif-Lume site. She suspeciad one of tha undarground storage tanks.
| asked her where she got her theory, and she said that Self-Lume had cut down on their tritium
wasts without reducing or changing thair produttion Process, 50 the axcess bitum had 1o be
somewhers. She alao said, “Not to mention it's the axact sama thing as Civil Action.__same icles "
She also had a clear sanse from the sadimant anatysis lab of how contamination could flow to the
town well from Seif-Lume in a time frame that made sense with the story.

In ganeral, she said the iabs whera computars wers not used went smoathly and ware
nat stressful. Bacause she and har partner wara still having technical problems and bacaute sha
foit like there was always much more work io be accomplished whenavar the computer were
involved, she still found those labs highly stressful.

| ankad Nar about working on the project at home. She said sha still had trouble from time
to time maintaining her Internet connection, but that she gat through it. | askad her if any of this
wmanymn.Ehnsaid."lIimmumﬁnumnnwt'mmgmmuanﬂwhporﬁmnﬂm
Phgsa Ong report. She then went on to describe the annoyances of writing all the data out for the
report, saying:

Writing the thing [Phass One report] is kind of odd becauss its basically like

writing data, I'm just not comfortable with it. [ feel like | should be analyzing
something. When | got to part seven it was good: the rationaie.
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She said her report would be between ten and twelve pages and that it would probably amount 1o
thirty to thirty-five hours of total work time. Whan | asked if her if this amount of effort wasx
raasonabie, she sald, “It's a different kind of affort bacause a lot of the work was busy work, not
that ) don't see it a8 Wmportant now.” Sha suggeated that thae report writing was time-intensive but
not enargy-intansive.

Sha then remindad ma that aha had gone 1o one Jou lab. *it was 30 pascaful,” she said.
"} did my work. He didn't bothar me, didn't ry 1o give me instruction.” She compared this o a
Diane lab, whare, “I'm aiways trying to calm her down, not just me, the whole 1ab.” Still she sakd,
Diane had her strong points, and told ma a story about a student who loat their compieta map set.
Diane was very understanding and calmex the student cown, wheraas Megan axpected that Joe
would have baen much less sympathetic. Magan said she liked ihe nurturing aspact of Dians's
parsonatity but that it was difficult to deal with when thérm was a ot of work 1o be done.

As for lecture, she said it was mors tied into the project than aver. She wishad Dr. Bower
would have given soma of the lectures sooner, saying, “If wa wauld have got some of this stuff
sariiar, wa would have known what to look for." She then raferred Lo the newspaper articies,
which latar on cluad me into her way of thinking about the project. She was not in this simulated
anvironmaent in real-time. She was imagining it as an historical gvent, where even though the
news articiea came out chronologically at key points over the sémastar, she thought that this
whole story ook place a firw years sarlier.

Ax was tha case with most students, Megan was annoyed at the ending of 4 Cidl Achion,
hough she was more critical than most about the way tha reading assignment snded. She was
convincad that the last 160 pages of the book wen unnacessary and suggestod that next year's
swdanty just skip to the last chapter.

| asked Megan if she thought the ciass was worthwhile. She said, “Yesh tecause ) have
a better sansa of basicaily - ike - how it all works. . basically the ciass his helped ma understand
the whole water issus.” She then repeatad that she appraciatac amphasis on the legisiative
slements of topics prazentad in lecture. | asked har if she would b taking sway any skils from
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the course. She said that she had gained mapping skills. She taiked about how she had hung ait
the maps in her room and was, "Putting five maps tagether. . looking at all the same stuff,” and
uzing threa of tham to determine which way chemicals move. | asked her if she thought sha could
ganaralize this skil outsicde of anvironmeantal science, and we talked about yrban planning and
othar ralavant tApics whera maps might be useful for solving problems. She agreed that thase
nhills would be useful in other aneas.

Wa talked a bit more about her tachnical problems. Megan said she had usad pienty of
tachnology in aducationsl situations without incident, but that this was just a case of bad luck.

December. In mid-Dacember, Megan sesmad much more retaxed. She wad happy with how her
Phase One report had been evaiuated and had a clesr understanding of what was expecied for
Phass Two. in fact, she had already completed the memo assignmant. | asked har what she liked
best about har report, She said, i probably liked the part where | saying something of interest,
the more analysis part.”

She found the Phase Two work somewhat redundant bacause, in her mind, all it did was
provide concrete avidenca for the theory that nearly everyone came up with. | suggested that
findting avidence was not insignificant, and she clarified that the writing of the mema was
somawhat redundant bacause sha said ahe ropasted much of her previous report and just added
the physical avidencs.

Sha was happy with how the Phaxe Two labs had workad, with a studant in charge and
wurynnaworkingasam.Stu:mmm“mmhrandmmummmm. in
general, it seemed that peopia calmed down after the pressure of the Phase One report. | asked
her if har relationship with her partner had improved at all. Megan was positive about her partner
but said that it was mostly dua to th evel of work diminishing in the lab. She added she did not
MMMmummmrmmnﬂy.mhﬁomme.'nmamuﬁ
throats.” Magan dii not find the character mapping group activity in lab of any help bacause she
had done svary interview herself. | asked her if Phase Two was any fun. She said the stiudents
bacame better frisncs towards the last few weakas and she was not dreading going each week,
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again mosty becauss the pressure and workioad had diminished and shs knew Diane would not
try to be as controlling. Becauss of holidaya, her lab was na langer one of the first labs that
Diane taught in a givan week. | asked if this might have heiped as well, but Megan disagread,
citing the improvemant cama befors the calendar changa went into effect.

As for the tecturs, Megen's first response waas that reading Skent Spring made her think,
*I'm going to dia 30 soon.” Latar she said, “Clearly pecple nesd 1o recognize the fact thal there
are consequences from contaminating the envionment.” She went on 1o talk about how she saw
ihis book more a8 an historical antifact. She commented that the arguments ssemad obvious, bul
were clearly important at the tima the book was writter. Sha reiterated that tha dtudy questions
wera of ro halp and made her feel like a tixth grader. As with soma cther atudents, she agresad
that the questions disturbad her normal reading process in a negalive way because thay caused
her to struggle to maintain the bigger perapective of the book because she was focusing on so
many detaiks.

Lonﬁnghnkmﬂwhﬂnmtw.anﬂd.'thqﬂmuchmm
science out of this class. I'm not really judging whether that'a good or bad, but | got much (eas
[sciance) out of t.” She indicatad that she was comfortable with the approach the class 100k,
BBYINg:

it was nice to ba working on somathing all semaster, | have one olfier project like

that.. .usuaily when you finish it you fael more accomplishment to your aamastar,

than i you do lats of little lab reports becauss you don't it all in one, like when

you hand in a thirty page paper you're like this is the work of eight weeis of

resanrch and whatnot, so that was nices because you could sort of sum up your

whole samester and you didn't feed (ke you wasied tme but by the same token it

was not like a whole samaater project because it was 30 broken down into littia

places.
| makod if the fact that the lab was 30 struchured caused her to lose a sense of the whola while
she was in the micdle of the project. Sha agreed, saying, “Yesh until - like - the night before 1 did
it frepet). 1 would have liked it to be @ more unifying.” She talked about how having projects less
munkudhtupincumlmvaluabhluhur.butmmmtwitfurmum.ﬂmpuimm

sa:
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| like it do» ressarch, and | gat mora out of it when | have room o di Mok

analysis veraus like if you do lots of five 1o soven page papers you Qot really

good at not getting anything out of them and you can just produce an ‘A’ paper

and not really get anything out of it, but when you're daing a full semaester project

you gei mora out of it bacause you can't just make it up, twanly or thirty pages,

30 you have to davols yourself o it
| mentioned that a couple students | was intarviewing who were also in Diana's labs seemed to
have not engaged and parhaps gotlen away with it bacauss Diana gave them 3o much guidance.
Magan did not think pesople coukd isgitimataly avoid engaging tha project and wiite a good report.
She said:

When it came 10 the analysis, In order to da, in my opinion, a good analyxis of

this, you couldn't just talk about the data, you actually had to know what you

weara going to say before you started typing of you couldn't really go anywhars.

Mepan suggested thal pernags she just tuned Diane out and did the project more or lass
independently. She aven said, “Mayba | just subconsciously had a Joe [ab.” 1 asked her if she
was going (o switch 1 Joe for second semestar. She said her schedule might not allow it, but she
was hot too concernad bacouse she had gottan usad (o Diana gver tine.

Overall Megan was pleassd with the coursa as a whole. She repeated ihat her
expactations about laaming more actual scienca did not comae true, but since she was not looking
15 9o into that area she was not concemed. She said, “The way the class was atructured | got a
lot out of it, It wi just different than what | axpected.” Even though she had rampant technology
difficultigs, she still said she would opt for more courses with similar simulated lsaming
savironments and figured ha luck would changa in the next instance.

Looking at the mcture and the iab logather, Magan tendsd to group the coursa inta two
m.mﬂmmwmm.Ammwmm.smmmmum
axam at the and of 4 Civif Action and then a non-cumulative final that covered the Siamt Spring
relatsd material rathae than the [arge exam sha was currently studying for.

Onie last time | asked her what she wolld be taking dway from this class to see if she had
anything naw to say. She mantionad her knowledge of paaticides and groundwater poisoning in

terra of how common it is &g hcw it ocCurs. Shin said:
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it's different now bacause | never saw pesticides as auch a huge problem. . _and

gizo how aaty it ik to pomon the groundwater, how many hinga poison the

groundwater, how that affects you, how you can ingaat them, all thoas issues.
She did not think this new knowladgs would change har avaryday life al that much bacause she
fait lika har parents had aiready taught her many snvironmentally sound behaviors (She
mantioned using vinegar instead of Drano for a clogged drain 4k an example). | aaked her what
she really recaived from the courss in terma of awareneas if aha aiready operated in her daily life
a8 @ more environmanbally conscious parson. Sha said, "Becausa | was alféady at the awareness
v, | couid get more out of the details.” Then wa talked about the map skills she had gainad
that sha mantionad at our last mssting. Sha elaborated on har thinking about it, saying:

My whole room was just like all my maps were taped around, and then you hid

o ba able to look at all the Mmaps 30 | would go anound the room and ook at - you

know - 1200, 300 on this map and 1200, 800 on this map and figune out what ai

thosa numbeors maant in your head, 3o | think that was really haipful bacauss |

don't like maps all that much, | don't kewg maps in my car or anything. . _sort of

halpful bacause | was forcad to analyze them and understand what thay wers

trying to say.
She also mentioned the use of tastimony, saying, "Liually when | do ressarch | don't have to use
what paopie say, but it was intereating.. forcad me 1o use intarviews as a source of facts.”

In Megan it seemad we had an axample of a bright atudent who overcame several

obstacies in ordar to have a positive experience in & Diane ab.

Refigcting on Megan's Case

Magan is the bast-case scenio for a bright motivated student in a Diane lab. Howeaver,
she succeaded mainly by tuning out Disne. Megan saw the obvious lecture and jab connections
and appreciated tha cumulative nature of the course. She is the rare student wha likes long-term
major rojects. Sha would have banefited more from a Joe lab, or at least, had less of a struggle
getting through the course.

Magan and har partner faiked to work well togather, as did many of the students in the
study. Ta hava that pattem camy so well through the project makes me wonder if this high a



145

percantage of pairs have trouble working on the project, or that was just a paculiarity of the group
who participated in the study. Bacauss | did not mack any student pairs, it makes it difficult to say
much moms about this side topic.

Megan considersd herself a scikentific-minded parson before this courss, and she
mentionad mond than onca that this coursa did not give har much additional scienlific knowledge.
However, she still identified skila that she could generalize including the use of maps 1o sove
problems and incorporating {aatimonial evidencs into argumentation and was not disappoiniad
that there was lass science than she axpecied. She also considerad hersalf to be enviconmentaily
conacious, and yet she articolated how she received more detailed information that would be of
uss to her in her designatad caresr path and iife.

Megan was also the lone studant to participata who had significant technical problems
with Brownfisid Action throughout the semester. Yet, thix obstacie did not prevent her from having
a subatantive axperience. This shoulkd serve as a reminder about the ability of students to forgive
amors whan there are good intentions and a willingneas (o be flaxible. Al first Magan was vary
distraught that sha might ba at a disadvantage dua to har tachnical difficulties. However, onca it
was mada apgarent to her that these things happan occasionally and were not her fault, she was
abia 10 relax and push ahead. Students will tnust when given the opportunity. Diane’s ability to
empathize with Magan's situation allowed ner 10 survive these difficulties even though Diane also
brought a lot of addilional streas to the lab when difficulties arose. Still, Megan sgpreciatad the
peacafuiness of Joe's Iab tha ona tima she had to make up a lab. She was then able to see how
the atraas Diane brought was all in Diane's head and not necessary o get ihrough the
axpariance. Joa and Dione's flexibility to allow Megan to maka up a lab on a different day
demonstrated i her that they cared about her lsaming and wanted to see hel succesd. Magan
was then abke to run with tha project, aven in tha face of challenges with her pariner and a
praference for a different atyle than what Diane offers.

Megan is axampia of a spacial student, che wha aven though she was very task orienied,
was abls to stap out of the sxperience, see Diane's strengths and woaknassas 38 an instrucior,
her partners limitations ax welt as the limitations of the technical infrastructure, and adapt her
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own behavior in order 1o obtain a positive axpanencs out of her circumstances. (n addition o
knowing what io do whan you do not know what 1o do, the ability to adapt to bad situations and
make the best of them is another encormous life lesaon that many peophs ndver achieve. Through
this exparience, Megan is well on har way to having a set of personal toois that will serve her well
whather she slicks with har political ambitions or not.

Reflacting on all Eiqht Cases
Laoking at the aight cases as a whole, thers are some Jdistinctive findings that did not

comea out in previous years. Taiking to students whiis in the experienca allowed me 10 gain a wall-
nuanced understanding of not only what was hagpening in the coursa but how all of the various
sirategies and decisions we had made over the years affected each student in different ways.
Following these eight studants made it all the more appammt how difficult a task & is to address a
large course with an appropriate leaming envinmaent. Even at an eiite all-wornan's Coliage,
where one might axpact a iarge amount of homogeneity, there wera wight entirely different
axperiences from eighl very inléresting and unique students.

I will not attempt 10 categorize these sight studants into well-defined groups, but we can
look at some genaral trends. (n looking at the four students that had Diane's ([abs (Victoria,
Michelle, Janat, and Megan) versus the students who had Jos (Josephine, Akirm, Emily, and
Angeia) wa can say a litthe mors about Diane and Joa's atrengths and weaknessea as lab
inatructors in the context of this course and project. Dlane appears to be playing not o joza, in
that she arfors on the side of giving too much guidance and Jsserting 85 much control as
possibie in order to make sure ail studants in her fabs make it through the course successiully. In
the case of Victoria, Diana's methods were fortuitous. In the case of Michalle and Janat, thess
strong siudants benefitad less than they might have because Diane took away lBAnINg
opportunities by giving tham much more than they neaded. Megan is also a strong student, and
bybhckhgwtnmummnhnoummu.memmmhnnumtnmuruufmnu
mmmnmmmm.MWMMammmw.mMm
the side of antagonizing students rather than give tham too much guidance. For sirong studanis
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such as Emily and Akira, his strategy paid big dividends because they mef his standards and
avoidad confrontation. However, Josephing, who had an encouraging start to the simulstion, lost
intarest over time (even though she still spoke positively at the and of tha project), and Angeia
had no chance for success with a lack of support from Joe.

i it difficisit to say which style is the batter approach. In pravious years, the student
ratings sasantiaily washed out, with students rating the axpenence of the courss equalty
regardiess of tha lab. In looking at thess sight studants, the end resuits are similar. It is not
surprising whan you ask students which lab instructor they like better of prefer Dechuse that
question has multiple feciors. As all four students wiho had Diane pointsd out, she has the best of
ntentons, cares for the students, and frigs very hard. However, she is not necessanty doing
strong studenty any favors by giving thaw as much help as she does. As much ax students may
like Digne, thay may be gatting lexs from the coursa than they could be. it is complicated to be a
student in a non-iraditional course, as students Juch as Michalle, Janat, and Akira poinisd out.
They all know thay have been groomaed for the traditional course and there are at an siite college
because they know how to work the educationsl system. This coursa challangos traditional
mﬂndlhyiuwymm-Dmmmmmmaﬂhygmmmﬁmtwﬂmw
nnm.nhthmnpﬁngunsmmmmuuammtgwu.wmmwﬂu.
and not concem gna's Saif with the langar learning opportunities that have been presented.
Mnuanmhmsﬁmtmmmmm.walluﬂmatguidm.anddiulnmmupmim
on har own. it is hard for me to axpect the typical college student to do that.

ltcnnbaargundmmdmllmmllydninnmmforshﬂmtsmmughhutmghhu
wmmmummmmmm,ﬂwwmmhmhmmmmm
m;mmummnutlmmuptuhhmﬁmsunmmammnmntmujuﬂbum
oo of gasily. Strmqsmdmu:umguEmitymdAkimmdnosiqniﬁmtmmmme'sstylu
bacause they mat his sxpactations, and thus avoided conflict. in Angela’s case, aven if Jop sctad
perfactly, thars is good resson (o baliave Angela would still have come away from the class with a
nmﬁnuwmmmdmhummmm“hmmw.
Hm.wmuanondmdmLSMwuwmyminhwm.mm's
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frustration wilh her combined with a bad partner situation took her out of the experience
unnecassanly,

in the and, we want students sych as Janet and Michalls to have sxperisnca mora like
Emily and Akira, and we want students (ke Josephine and Angela (0 have axparisncas Mord like
victoria. If Diane could gain some of Jox's hard adge when H coman (o offefing too much
guidanca, and Jos could gain soma of Disne's untwsianding and nuriuring behaviors, we couid
ba more confident that a higher percentage of students would walk away maore posilively and
having earmad mons.

Still, aven those students in the middie ground (Josephine, Janat, and Michelte}
acknowladged that they got somathing out of the course and wers abie 10 articuiste what that
was. Bacause of this, it should be clearly stated that Jos and Diane did not do a poor job. All
instruciors have strengihs and weaknoassas. One has to applaud Joe and Diane for thair
wilinmmtobewbjedudMamwﬂmmmmalaMimmmuwﬂluam
deal of scrutiny about thek tasching practices. For example, in speaking with Joa after this last
samanter, he clearly acknowisdges his strong points snd his weak araas and 1688 improvement
with how he has deait with students over the years, He axpressed a cesr deskre (o ma io
continue 1o iry to imprave, but wants it understood that change is not quick after 30 many yaars in

front of a clasaroom,

Year Foyr Aeflactions
Wa must remambar that wa mada no aignificant design changes from year threa to year

four in Brownfiald Action. (n the end, the project went more smoothiy than it ever has, according
i Dr. Bower. Student raports wers betier than aver, according (o Joe and Disne (and # is these
peopla’s opinions that should raslly matter). Students complained leas durng tha procsss o Jos,
Disne, and Dr. Bower. Students progressed further into the Phasa Two portion of the project than
ever baforn. Leas technical assistance was required than aver before. A lot can be said for
dewmmmﬂammxwﬂmAMaﬂnm“Hhmij
Dr. Bower continuad to make to his lectures. A lof can be said for less significant outside
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circumstances, such as the terrorist attack on e World Trade Canter that occurrsd during year
threa's implamentation. W the and thers are more variables than can be accounted for. As has
bawr stated throughout this study, this projact has naver bgen about trying to control variables
and producing indisputable avidence that Brownfisid Action is a superiative project for
undergraduatas. We can only talk about what we have obssrved through experience. This yaar's
observations provide more dvect, specific avidencs about what makes an snvironmental
simulation work in a largs lacture and lab coursa, what makes simulations work in general, as
wadl a3 many of the factors required to make any aducational technology project move forwand in
real CIBASIooms.
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CHAFPTER VI
What We Have Leamad

After a yaar'a worth of intense scrutiny on the completa student sxpariancs, i is now
worthwhile to broaden out to what hag been learned over the four yaars of the Brownfialad Action
project in an effort to pravide findings and recommendations for the future of the project, other
ximiar simulation projacts, and the fieid of aducational technology as a whole.

Waea can start off by iooking at the apecific questions genarated over the yaars of the
project that wera usad to try to Wmprove it over time to see what we can recommend based on our
four years of axperiance,

Q: in what way doas Brownfisld Action help connact tha lecture and lab compaonents of the
coursa it is used in? What benefita do students receive from a more connected axpernance?

Simuiations are a usefiui way for students to apply content knowiadge from leciures in a lab
seiting, and thus can be a good sirategy for connecting & course with iecture and iab
components. Simulations are a usaful method for creeting 8 buikling, accumulating structure (o 8
sel of lab expariments that will reinforce pravious knowiledge and encourage siudents to makg

connections batween (OpIC armas in 8 course.

Brownfieid Action supports better retention than traditicnal approaches, integration of
concepts into a system, and provides an authentic purpassful experience for students. The
cumutative nature of the experniencs challenges students to braak out of traditional surface-level
smdyhnh%uamwmmmmﬂmmmmmcmm.wmmmof
Angele, who did not consistently attend lecture, and to some extent Josephine, all the students
interviewad falt that Brownfisld Action connacied the teciure and lab in somae form, but this
connection was interpreted and valued in differgnt ways. Some students found the novet A Civil
Action t ba the main link betwaen lab and lecturs. In some way, reading that book informad the
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lab work and vice-versa for many of the students. Cther siudents clearly angaged the lacture
material and saw how it fusled the lab work and vice-versa. It should not be a surprise that
different piaces of the course affect different siudents to varying degreas. Even a student who
struggied as much as Angela parceived benefits from the texts.

Permaps more important than the identification of a connection, ail students axcapt
Angela identified benefity of a cmulative axperiencea over a traditional lab experience. AoMe
aariier in the semester than others. These banafits included the integration of concepts into a
related system (Emily and Megan), a rea-iife practical or work-like axperience (Janet and
Jasaphina), betier retention of material (Akira, Emily, others), and giving 8 purposs to the lab
work (Michelle).

Some students mentioned downgides to this type of process that focusad oh how tough it
is lo avoid the standard college student's get-by approach. Micheile, for exampie, saw that this
type of taaching challonges that approach to laaming, and it is hard 1o break that habit with
students, aspacially thoas that are very concemed about their grades.

Based on the faadback of the students and facufty in sach year's version of Brownfigld
Action, we can say with high confickncs that this simuiation allowed students 1o apply content
knowledge from lecture in @ lab saiting. We can aiso say with high confidence that this simulation
haa baen used affectively Lo connect an envimnmental sclence courke with lecture and lab
components. intuitively, it seems this piece of the Brownfield Action framework would hold true
for other simutations as wel. A class on anatomy that has [ab dissections, real or virtual, could
ba the basis for a simulation. A chemistry class with iabs asking students 1o identify unknown
substances coukd also follow a simiar fremework. n either case, if the lab probiem or axpariment
islamdwiﬂummfnrhsmﬂmdamnmwmmgmnpmblum.mumuaimumhn.
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links batween lacture topicy and lab activities. A well-dasigned simuiation provides incentivas for
students to make links batwwen lopics.

In gddition to linking from laciure to lab, Brownfisld Action has baen shown 1o be an
effoctive way to ink up several spemingly disparate topics into one large problern. Students and
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faculty reported betier student retention of previous topics and macs linkageds in their report
writing that ware not likely under a traditional teaching framework. Several students identified
value in reinforcing pravious knowledge, aaying that it would contribute io a lang-term impact from
the project and the courts on their lives over iime. Faculty also identifed added vaiue through
their high assesamants of student writing. This method of linking labs together could Also appiy 1o
many contexts cuiside of environmental science. The hypothatical chemistry lab mentionad
earlier could set up a detactive or forensics-iike simulation with a seras of chemicals o ba
identifiad using the varous sxperimental methods that would be traditionally taught. Within the
aimulation, thess oxparimants might ba performad by atudants piaying the rote of forensic
scientist trying 10 soive a fictional crime. The hypothetical dissaction |ab could be dons similary.
Adding the simulation componant groups the isolated lab experimants inta & purposeful namative.
if atudents are assigned to write up their lab experiments in the context of one larger problem,
they will be forced 10 connect what thay have learned in one lab to anather. This reinforces the
knmpmaygam-dinprmmlabuandhﬁmmemtomtuanymmnfmuninns
batwasn tha various skills and contant knowladge they have gamed throughout tha Couras,
Students of Brownfisld Action identified this type of learning to be more challenging for a busy
siudent who just want good grades, but pointed out it was bettar for tharm in the long term,
whathar of not thay plannad on being a scientiatl.

GQ: Can students demonsirate ¢growth in their abiiity to discusa thair acientific or analytic
thinking processes through the use of the Brownifield Action?

Simulations are a useful mathod for deveioping and/or practicing scientific thinking and problem
solving skills through the exploration and analysis of a multi-discipiinary complax SyStaim.

Brownfiald Action supports the developmaent andior practice of scientific thinking and
conficence building surrounding the ability to perform complex tasks that involve problem solving,
intagrating concepts from different disciplines into a system, and the usa of maps. if we look at
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tha students who claimed 1o ba non-sclenca onented (Victoria, Akira, Angela, Josaphina}, all but
Angela demonstrated confidenca with the matarial by the and of the semester in the way they
wara able 1o talk about their recommendation for tha factory site_ All but Angela recaivad high
assessments on their Phase One report and reportsd valye in doing the assignment. Victoria and
Akira had very positive views on their complels axperience. Josephine claimed 1o have done a
fair amount of gef-hy. but siill waa able to articulate her sirategy for determining the problem
presentad by Brownfield Action. Looking at the four students who identifind themsaives as
analylical or more comfortable with aciance, it is more difficult to make such strong claimae. Emily
and Megan parceived that this course expanded their scientific thinking skills, either in terms of
integrating concapts or uking Mmaps to soive problems. Janet and Michelle had more difficulty
identifying how the projact helped them scientifically. Again, all four performed well on their Phase
One reparts, but they may have already had many of thosa skills coming into the course.

Brownfield Action is & complax aysiem. Students had to damonatrate problam-solving
akills in orcier to wrili the Phasa One report. Some siudents claimed to have developed analytic
or scientific akills of one kind or ancther (Victovia, Akira, Megan), while oihers datermined it was
mora puzzie-working and not much sciance. Earlier evaluations of tha project made this claim
aach time on tha basis of the raport-writing, but it is difficult 1o say if the scientific thinking
avidenced in the reports was already developsd in the students prior to thair use of the simulation
or if the process of Brownfield Action caused or lad to the development of thosa skills. Since wea
are not in the business of pre-testing students and/or dividing them into conirol groups, wi may
naver gain a definitiva answer on this claim. Howaver, again, it does saem othars could benefit
from tha knowledge that skmulations, as complax systems, Bre 8 useful sandbox whers atudents
an gain and/or practice problem-satving skills. in addition, some students may davelop analytic
and/or other scientific thinking akills through their use. The point about the system being “multi-
disciplinary” should be emphasized. Brownfiedd Action incorporates geology, civics, human
health, chemistry, mathemalics, social networks, and engingaring, among others. To complete
the project. students had to dabbia in aach of thess arsas and intevrelale them in their reports.
Othar simulations could banafit from following the same strategy.
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O What are the sssantiai charactariatics of effactive guidance and support for Brownfield
Action at its intrpduciory, middie, and anding stages?

Guidance is & crucial siement in the use of sirulations. Too much guidance imits discovery. Too
fittie guidance generates frustration and resentment.

Brownfield Action requires a ranga of guidance stratagies for different students. Stronger
atudants banafit most from a hands-off independent approach, while waaker or mon intimidated
studants banafit moat from & mone hands-on nurtyuring approach. nstn.ctors using a more hands-
oft approach should ba cautious about creating resentmant in studants while instnctors using a
mmdmmum‘muhmmmmmmvmmummﬂufm
students.

Guidancs was an snormoualy important topic amongst the eight students and was
discussad at langth in Chaptar V. Effectiva guidance appears to be a balance of Dians and Joe's
strategies, byt again, it depends on (he student. Some students, aspaciglly thosa who ara more
fearful and intimidated coming into the coursa, respond batter to more of a Disna approach, and
all students fike her sirategies, but may ba let off the haook too much frorm a challengs peint-of-
view. Stronger students tend to gat more out of Joa's fough fove style, and some less sirong
siudents will aurvive it. Othars wil balk at his confrontational atyle, as did Josephine and Angela.

in lookig at the introduction of the project, students such as Emily and Janet dedait well
with how the project was introduced. Other more nervous students wanted things laid out more
clearly, but much of this can be attributed 1o their habit of getting nto the "What do | nasd o d0 to
gef by mode T that thay are used to. Giving more concrels information up front may puzh Mmore
studants into the get-by straiegy. By keaping it somewhal vague, pernaps mone students ama
willing to buy into the simulation and engage before the clear end goals are laid out and students
slip into get-by. Too much guidance pushes strong students that way, as evidancad by Michaile
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and Janet's experience in Diane's lab. Megan's ability to wall off Diane's assistancs was a rie
axcaption that should not be expected of the typical collegs studaent.

In tha middia of tha project, students such ax Josaphine and Angela, lost sight of the end
gosl, and may have benefited from more small victories slong the way from Joe to let them know
thay ware on the right track. Students in Diane's labs ssamed laas likely 1o be lost, and instaad
may have benefilad from more indapendence, as 3een with Michalle, Janet, and Megan.

In the snding stages of the project, students in both labs reported a ioss of mamentum,
which may be natural the way the project is atructured eadicng up Lo the first report. This last year
was tha first time substantial effort could go into the Phase Two portion of the project, 30 another
yaar of practice for Joo and Ciane may be enough 10 improve the end of the samester guidance
that was taking place. On tha other hand, much couid be done to improve the design of the
Phasa Two portion of the lab axperience through additional multimedia and supporting
dgocumenta to boost its visibility to students (see mcommendations in Chapter V).

For Diane, in addition, sha neads 10 buy inlo the Phasa Two individual memo assignmant
(or make an argument for mvision naxt year) because some students (Janat for mxample) picked
up on her lack of enthusiasm.

As has basn discussed at length at various points in this sludy, guidance is a crucial
factor in tha success or failure of a simulation with any given shudent. in pravious years, on the
surface it appearsd that Joa's and Diana's strategies washed out in the final analysis. Whila Jos
and Disne used very diffarent strategies. stugents rated the experience in either lab similary.
However, whien one looks at this issue more deaply, a5 wak done in the most racant study, the
nuances of aach of thair techniquas come out_ it was clear from Digna's students that the weaker
and more fearful students had a more positive axparianca with Dlane than with Jae. However,
stranger atudents losi out on some of the challenge in Diane's labs. Joa's students had more of a
challenge in genaral, but his confrontational style alienatsd some of the iess confident students.
One could see haow an and-of-year rating system would lead to a balancing out of scoras Datween
the two styles. Talking to shudents individually at the end of the year about whom they prafer
would tip the balance in favor of Diane becaute of her Ririuring and caring style. Students initially
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vaiue compassion over leaming. Most will take tha path of leest sistance. Only by talking o
students in depth doss one discover that many of tham do realize that overcoming the challenge
of the discovery is what they walk away with at the end and use in their daily life. Some atudenis
will seek that out onca thay articulate [t 10 themsaivax. Others will not. in the end, we nesd 1o do
what is bast for students, not what makes them feet good. | am not suggesting that inatructors
should use Joe's confrontational style. Criticizing studants personally in public is never a good
instructional tachniqua. In addition, ax Bruce pointed out In his study, Diane doad many things
vary well in her lab to reinforce concapts and keep atudenis on rack. What | am suggesting is
that lsaming should taking precedence over (oo Much caring bacauses ultimately you am not
carng for students if they walk away feeling good about leaming but having not really laamaed
anything thal they can walk away with from this coursa. In fact, you are doing them a disaarvica
Dbacouss you are ralnforcing to thosa students that feeling good about learning equals leaming,
whan anyona who has lsarmad a real life lesson knows that real lsaming is often a painful
struggle blockad by many obsiacles.

G in what way doas humor assist novice students in engaging complex content?

Humor in a simuistion can be & usehul mathod for angaging kss confident students in &
seemingly overwheiming activily.

The humar in Brownheld Action helps to ralax more intimidated students and keaps many
studenis engaged when tasks become arducus. HUMOT seamed to have relaxed and engaged
some of the students. but was not a factor for sveryona. Saveral students got into the funny
character names and nearty every student interviewed mentioned the opaning sequenca as baing
humorous. Adding & litiia light-heartedness to the grind of the project seemad to have hurt no one
mdhdpﬂmunmnugﬂmwghﬂmmﬂy.ﬂntyEnﬂyMameﬁw
sida affect of involving Or. Bower aa the real estate devedoper in the story. She astutely pointed
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out that students may feel like it is more of an assignment for the professor instaad for a fictional
parson that might make & sasiwr 1o buy into the student mle.

Lamge comphax science problems such as Brownfield Action can be averwheiming 1o
some students, aspecially those seeking the sasy way out of a science requirement. Adding
humor to the activity can reduce the pressure some siudents fael and heip them relax and
angage in irying to achieva tha objactive. More confident students do nat appear to requice this
factor to be presant, but they do not report any haom. it also makes the building of the simulation
more fun for tha creator(s). Simulation creation is anough work lo merit a litthe fun whan

appropriate.

Q: How does the partner dynamic affect the benefits one receives from Brownfisid Action?
What benafits do students raceaive from waorking in pairs? Are pairs the ideal satup for this
project?

Warking with a partnar or team on a simulalion adds a real-workd slemant [0 8 complex
mmmmummmmmanmwnwmmnmuwmm Do
musmd#mmummmmmmmmmmma
simdation.

in the Brownfield Action project, many atudents require Support in order to foster belter
working mslations with their partner. Pairs of students may not be the ideat satup for this projact.
We have significant evidanca that pairing doas not work well for several students, but we do not
have any svidence to suggest that larger teams would be an improvement. Resaurces are nol
avaiabie o allow students 1o compilels the project indivicuaily.

The partner dynamic was a major obstacis for many of the students interviewad. Only
Michelie, Janet, and Akira managed lo avoid substantial partner problems. Many of the students
in the study had 1o make up for partners who did not work as hard as they did (Emily, Megan,
Victoria). Tha participants coukt ba biased towards more outgoing and motivated shudents as |
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asked for voluntears to participals in the study with minimal compansation. Sti, thare seams to
ba mor work 10 do in this area in terms of support for students 1o help tham overcoma taamwork
obstacies and work together better than was demonstrated by the eight siudents involved the
most recent study.

Complating a simulation such a8 Brownfield Action is morw work than ahould be asked of
one student for one semaestar-long course, Adding pariners can reduce the workioad if the pair of
studants work together. If thay do not work togather, having a pariner adds anciher obatacle. This
fundamental cancapt is an important life leason that many students exparience throughout thair
schaoling. And yet, five of the aight students in the most recent study still struggled with this
component, Cleady, studanis naed more support than has been pravided to date in Brownfield
Action on this factor. Partner and group work has a long |ierature behind it that is beyond the
scope of this study. A future shudy could expand this point further. One might also consider trying
some laams of threa next year to see what might ba added of subtracted from ihe expeniance
{aas racommendalions in Chapter Vil).

@ Do students demonstrate growth in their parsonsl relationship to anvironmental issues
through the use of Brownfisld Action and/or the course? How might the axpéarience affect
their real-llfe dacision-making and approach to scianca?

Students wha axpenance 8 quality simulation activity ray apply the experiance and/or the
content and/or processes they used in that activily 1o fulure courses smi/or their iife.

Brownfisid Action supports growth in students’ personal relationship to environmental
issues and promotes transter into students’ real-lifa dacision-making and approach Lo sclence.
Thia growth and trensfer will ba different for every student based! on ther background and chosen
path in ife_ Nearly all stiudents were able to expand their articulation of environmental issues
through the course. Some stucents were betier able t0 ralate to tha pesticide issues, while othars
fuit closer to groundwater issues, but all found something in the content of environmental science
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that thay would take with them. it is difficult to say how much of this finding relates to the structura
of the course versus what Or. Bower's lactures might accompliah solated from the complats
project sysiem.

Victoria gave the bast exampie of how she changed har behavior aven whils the coursas
was stil going with her example of her approach (o the use of pharmaceuticals. Other stronger
students, such as Janat, feit inspired to move mone deeply into the technical or more sciantific
datais of environmental science becauss she proved {o herself through this coursa that she was
up to tha challengs of mons hard science. Others such as Megan and Emily felt they got mors
practica st intagrating concepts ints an argument, and that this coukd be genearalized into many
othar disciplines. Megan talked about using maps to soive problems. Several students talked
about the new king of writing skil this coursa haiped them deveiop. All students spoke about
awareneas and taking note of what was around them in their environmant and how pracarious the
systam of tha environmaent is at this paint in higtory. In some way, all students were able to apply
somathing from the course 1o their daily life.

AS Was avidenced in the commaents by several students In the most recent study,
qugmghmmmmmwduupm.muandskm-Mlmuyplmmwym
their daily (i if they have not done s0 akaady. From map work, t0 3 new kind of writing, to
gainhgannyururdntuilandmnﬁdmmahoutmimﬁﬁcidom.tnminqtaanwhmﬂf
awareness about how scienca related to the world around them, students idantified several
gensralizable benefits that go bayond the clasarcom and the tab bench. While it would go
bayond the scopa of this study to verify that, in fact, these students did use thesa skills in other
courses or in their dally Iife goiryg forward through the years, we can still say the opportunity to
uss these newly gainad assets has been identified by these students and the burden is on them
to put tham into play on their path. Other simulations can provide the same opportunity. Again,
using the hypothetical chemistry forensics laly simulation, students could gain many of the same
banafits when it comas to writing, thinking about details, gaining confidence, and gainng
awaroness about the role of science in the world around them.
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Other Thoughis
Though the act of designing, implamenting, and svaluating the project we leamed
soveral other placas of usaful knowledge that could also ba developed into theonas hat may not
have baen axplicitly slated as quastions at any point in the project. Nohatheleas, they ara
worthwhile to point out.

+ Some ambiguity is good, but students nead proper onantation lo accapt and angage in

Through this project, wa have come to leamn that students sxpect the traditional approach
1o tanching and leaming science. Students at alite coliages will be some of the bast in the world
at performing the tasks that traditional approaches reinfurce, such as textbook memorization,
white expanding minimal energy sngaging content in a meaningfl way. Ower the years, Dr.
Bower, Joe, and Diane leamed to forawarn students that ihey would be discovering how the
project is defined and how (o compilets it over the antire semestsr. Thay remiaded students o
raview what thay had lsamed in previous weaks bacauss the burden would ba on tha students o
put averything togather in itha and. Michella feit the wamings to be unnecessary given Diana's
lavel of assistance, but aven she identified that eventually there was no point in waiting for
someona to el har what {0 do naxt.

In order to get students to acceot their role in a large project, it i3 important that enough
angagement and axplanation occurs to get them to buy into the expenenca. Howaval, tod much
orientation will remaove the challangs for many students, 30 SomMa vaguaness of Mmbiguity can ba
an asaat as wall. Doing B simulation project wall can be a bit of a mystery unfolding. Students
likened the baginning of Brownfisld Action to Carmen San Diego and even Charlie’s Angels, a
gama and a show whaere the intrigue of the stories keeps you hooked. n designing a simulation
stiwy, do not feal compelled to over-expiain. instead, give students snough tidbits to get hooked
on the concept, then unfold the story enough to paint students 10 the range of directions to go and
set them as lo0ae 38 you can (olerate.
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*  Students need incentives in order lo pace themsalves on /arge projects that build on
pravious knowieoge.

In the first yaars of tha project, we discoverad that students wers cramming the work for
the lab with their cramming for iacture midterma. This led to difficulties in completing the project
on time and with high standards. By replacing the miciterms with weekly exams, students ware
forced to spread out their work on the project over the semester, which made it easier for them o
build their knowledga bass as they proceaded.

Simulations by definition do not instruct directy. They teach indirectly as students
asiahblish the connections Datwaean the actions thay take and the effects saen in the simyiation.
Because of this, sixients often struggie not knowing if thay ane on the night treck. A good
simulation doas nat have just ona sight track, but several, and studants should have ways to find
out if whataver course thay aré on is reasonaiie. in our case, weekly quizzes in lab and lecture
helpad consideraliy, but any number of techniques would have done tha trick. Tha important
mhuhhlumkmuphrhﬁwiminubrﬂndnmnqaufopﬁmsmpmslblu-mhkaf
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bottom of hil. There are walts along each side of the racing path indicating the boundaries for the
race. Then there are NuMerous posts for the paricipants to ski around. The job of the instructor is
not 1o indicata which posts & go around, which way 10 go arourd the posts or sven which order,
but just to provide tha cuter boundaries for the exploralion. Allow the students te find their way
dnwnmnmuuntnh,llmwmbupanaimtmdmmundw.prwmguldanmmmm
back to the naanest marker.

L lmmmwmmmmmmmmmmm
incorporating more constructivist strategias into their teaching practices. Thay will
prograss at difersnt ratas and show different strengths and weaknessas.
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This finding has a substantial literature behind it. This project just provides four yaars of
further avicence in support of it (Sew referances 10 Mandinach & Cline as well as Sandholtz ot 3.
in Chapter 1). As | lsamad the hard way in the aarly years, didactic training of instructors about to
ambark on & naw opan-ended lsaming activity backfirad. Through years of axpanance, Joe and
Dians cama to balieve that Brownfleld Action was @ good idea for siudents to exparience. Slow
but noticaable improvements in thew taaching followsd. In implementing & simulation, allow
instructor mistakes and motivata them to reflect and foster salf-improvement over time.

« Accopf that al studarnis are different, no matter how homogenaous the group appears on
the surface. Each studant will react lo complax laaming oppoitunitias in projects such as
Brownfiaid Action in & differant way.

Perhaps most important oyt of ail the findings, it became clear through this project work
that evan at an alite women's college, the variaty of student axperience, motivation, energy,
aptitude, and axtemal pressures in a large NoN-Majors ACENCA Coursa is so vast that it is
impossibla to try 1o quantiy the botiom line added vaiua of this project for avery student. Each
student interviewsd came away with something vaiuable from this axparience. For Angela, it was
tha texis. For Megan, it was using maps to solve problems. For Victoria, it was gaining
confidence in her ability to use sclentific datails to make a big picture argumant. For several
students, it was simply greater awareness about envipnmental issues. Furthermore, it is likely
ﬂmtmnaiﬂmwhumﬁﬁpitlddonotmpmnnmllnfm120:hﬂmtswhnmkmcmummis
ynrnurmaﬁﬂmdmhwhutaﬂmeummnfmnprwiwsﬂuﬂm. But thera ara
limits on what one can do to Oy (0 gain an understanding in any one instance. (ntarviewing mors
students may have ied to greater breadth but lass depth into aach shudents individuai
parspective, which at this point, [ would not irade.

In dasigning methods for aasessing the benefits of a simulation, da not limit yourssif 1o
pre- and post-experence interventions. instand, get deep engagemant in the exparience with the
paople involvad while Hywy are in it In other words, follow your own beliefs about leaming.
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Surveys and interviews outsids of the aclual exparience are only on the surface of the axperience
and will only give you a general texture of what is happaning on the ground. Imagine yourself as a
war corraspondent. Do not just report on tha war from your desk at the news bureau where the
wira reports trickie in. Go out into the fleld with the troops. Look at what thay are looking at. Ask a
variety of participants to describe their chaillanges and their decialon-making processes. Stay with
them through the batties, and see how they come out on tha olher side. You wil lsam 3o much
maore nuance about the inpact of the experience. This information may make it more difficuit to
make overarching headlines thal apply to everyone, but it will give you the dataill 10 improve tha
axparience you are sngaged in over tima and more confidence that the axperiencs is having a
real iMmpact.

Bafiecting on the Project's Higtory

From the most general perspective, one can look at the project’s history to sea what can
be recommandad in terms of project procasses and design techniques that would be applicable
o many aducational tachnology projacts.

It in intereating lo look back at our implicit assumptions when wa began the Brownfieid
Action project. Dr. Bowar and | generated this project out of our beliefs and intuitiona for what
students shouk! ba able 10 do after completing the project and the courss. In the sacond year, we
atated thexa baliefs, saying that students who axperienced Brownfieid Action shouid be able to
axpiain their approach to the solution of a scientific problem by:

«  Describing the stratagy usad o discover contamination sites Brownfield Action

+ Identifying and expiaining the outcomeas of the environmental tests they conduct and
ralated information, making recommendations and demonstrating awareness of the
congaquancas of thair decisons

. nmuimmmmnwummmmmmmummmmnm

contamination
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Wae aiso wanted o state more indirecily our hopa that studants would:

« Read aticlas on scology with diferant understandiry. interest, and personal commitmant
+ Appreciate that real world decision-making about ecology invaives ambiguity rather than

cartinty

Thesa statements arosa out of our implicit baliefs when the project began. When Dr.
Bower and | originally got together, we did not isik about thess neads axplicitly, but | Gan now
look back and reconairuct the chailenges he and his course faced when the projaect bagan and
some of our initial ideas about how 1o address those challenges. The initial challenges includad;

» The laciure and (b portions of the course neaded to ba more connactad than they ward
in ordar 1o motivate students to engage the content and to give the content purpose and
practical applicaton.

= Non-majors students would benefit from a cumulative axpenence to relats i the aspacts
of the coursa togather.

s It was important 1o maintain sorme of hands-on 1ab activities 1o provide students with real
practica at carmying out experiments and parforming active manuai activities.

Soma of out initial hypothases to the abovae challenges included:

s If the cumulative axperiance was a hypothetical but reatistic story that could be
connacied to real-ife examples, students would better achieve the course objactives Dy
actively parforming aspacts of the story through solving a large problem with many
camponents,

- mgmmmummmmumwmummmmm
thair lab work and allow the siimination of the textbook-driven, surface level, traditional
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scianca ingtructional mathod. In general, the detailad facts of the coursa wars less
important to students of this coursa and shoukl be de-emphasizad.

» Anengaging and fun story would mativale students 1o engaga in the problem, and thus
the conitent, much as thay might sngags in @ game.

» It was important 1o maintain many of tha hands-on lab work including contour magping
and aadiment analysis but if thess concapts could be intagrated into the story and the
problem, studants wouid be more likety to retain tha purposa of this work and parhaps
ihe basic skil, if not all the details.

In @ more evolved project procass, wa woulkl have sat laid thess thoughts out a3 best we
could on paper bafors any design work bagan. We would have sat processes in place to capturs
the kery dacision points of tha project as we proceeded from design choice (o design choice.
Thase documanied chaices could then avolva into thaoriss that would be tested in asch
implemantation and then refined and funneied into any redesign that was dons. As wis stated n
Chaptar |, wb intuitively followed this lagic, but did not have a refined procass we wera following.
Ax it wiaa for this study, | spent many wesks reconstnicting how and why we did what we did in
the earier years by foraging through old notes and spacifications, which thankfuily were fawly
compiete. With a mors svolved process, we may have bean able to address mora of the
challenges we faced with this project more quickly becausae problems that we did not pick up on
may have surfaced eartier through the use of more syatematic avaluations. While we may have
mada most if not all the same design decisions, the key choices would have beaen documented as
we procaeded through the project rather then me reconstructing them years later. This would
have aliowed for simpéer theory development eariiar in the process and perhaps mom dramatic
improvemants from year to yeage.

Sti), CCNMTL as well as Dr. Bower and | were leaming together a3 we procaedad with
this project. Wa wiwa leaming in the act of aesigning, building, and implementing. Wi wane not
daing thought experiments or hypothetical environmants that were fested with volunteers outside
mgnnmnufmymlsimﬁm.w;mmnnwhlhdmmmtmmﬂ.hmntilwu
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usad with » sl course with real college students with a range of axparences. Some might say
thesg factors wane consiraints that placed limits on our abliity to find out what our leaming
anvironment quantifiably doas for studants. | bolive these constraints are the realities of the
workd that our work muat keam to deal with, and we are not in & position to wait for the controlled
Iabs results 1o come in. Plus, many of the theories and findings generated would not have arisen
outside the contaxt of a resl classroom. One of tha single best examples is the concept of beating
the systam or gel-by that college students use to avoid real angagement with material. To see
that thia project and meihod of teaching discourages that kind of tactic is a very useful finding that
would mostly likely not have arisen through the use of volunieers in 8 conirolied study.
volunieers, through the act of showing up for a study that is not mandatory, aiready misrepresant
ihe pogulation of students we ans trying to address. Even using a real classroom of sludenis, but
with no grading attachad to a study in order 1o allow & division of the class into a control group
and one or mone test groups would not have ganeratad this type aof finding because of the lack of

pressule of any CONSaqUBNCEY.

Desian Ressarch
Gaing forward, CCNMTL has developed a Design Research Project Procass to
mwmmmmmﬁnmlhmdubwniannmmmmmmmw

projects on any scale for read classrooms.
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Figure 19. CCNMTL's Design Research Pracass Spiral

As show in Figure 19, tha phases of CCNMTL'a Dasign Resaarch procass reprasent a
design and development cycla that can ba iterated many times with any project. It is also a sot of
guidelines, not hard and fast rules, based on the experience of projects such as Brownfigkd Action
and others._ In its shon history, CCNMTL has achisved good success at building many beautifully
designed projects and getting them dane on time with good projact Mmanagement. Severai
projects have also had evaluations done to determine their succass. However, many Gmos, as
was the casa with eary Brownfisld Action svaluations, they often failed tn capture the nuances of
the project nocassary 1o glaan genaralizabie knowledge lor the benefit of future projecis, both
similar and dissimiar. [n order o get to the ned lavel of the Center's work, a knowiadge base,
founded on the theories developed from its projects is needed. The gaal of the Dasign Ressarch
proceds is to generata sharsable knowledge from resl project axperience. This sharng will take
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placs on miny laviis. Some knowladge will ba of most usa to other designers and builders of
sducational technology projects. Other findings should be made pubiic to faculty 1o heip them
gain a betier sense of our axpedtise and value added to their classroomas. Design findings
bacome CCNMTL's ever-growing toolkit of siratagies for addressing various chalenges. Whan a
particular set of challenges arisax with a new partner, a visit lo the toolkit wik show demonstrable
solutions to challenges that are ganeral enough to apply to multiple contexts.

Recommendstions
Beyond the project process, some of the rmost general mathodological findings of
Brownfisld Action may ba usaful for anyone working on an aducation technology project.
Following these recommendations will lead to improved designs and batter implementations,
which will laad 1o more valuabie sharesbia knowlsdge.

»  Get all key instructors involvad a3 early in the design process as possibia.

The singie biggest consiraint on the success of the Brownfield Action project is its
implemeantation i the lab by Jos and Disne. They are the gatekespers to this worid for the
students, and we did not invaive them in the design proceas at all in the beginning, and only to a
limited degnse in future years. There are reasons this occurred. Thay often both had other
commitments in the summers, when most of the developmaent took place. They did not sea it as
thair rola 1o gat involved in the design, and thus did not express intersst. Still, if we had found a
way b have them pressnt at key meatings, they would have fait some ownership of the project
earlier in the process. Thay caulkl have practiced the techniques that were going 1o be asked of
tham, Ulimately, the sty yaars of the projact may have want mora asmoathly in the lab, and they
mwmwpmmduimqrmwnquinklymmmwnmwandmrmmmﬁrtumm
practices with tha project.

Any projoct dasignar can isam from this finding. if you am building an educationa
tnchnology projact for 3 course, involving the implamenters of the project in the design process
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will laad 1o & batter project. it may sound just like commaon sansae, but aver and aver again, one
will find axampiles of projects whers the designer builds what appears to be a baautiful project,
but because the impiementer was nat @ part of it, tha project is never used as intendad, if at all. if
the project i never uasd as intended, one cannot gunerate new Knowledge about the design
becauss there is no rue feedback on the design choicas that were mada for the intended
audianca. Thus, the project bacomes 2 Mmonunent of demo-warm that can only spin in (haory-
tand about what it might be abila to do for a claas somawhaere, someday. If you think about this
for a moment, it makes sense. Would a good thacher put somaething into their cumicuium that thay
did not undarstand how 1o use or have intendad goals for Including it in the coursa? No way.
This recommendcation does suggest the possibie problam of how ona usas projects built
for one contaxt in another contaxt. For axampia, one of the future goals of Brownfikid Action is t0
use it at other schools, sither other collagas or even high schiools. Haow do wb gel the project io a
point whens anather institution could use it as pachaged snvironment given the ahove
racommendation? The answar is, get a group of sampia instruciors from diffecent situations. to
come 1o Columbia University and Bamard College and work with us on that package. In this way,
it almost becomas a new project intended for instructors instead of atudents (see Chapter VIl for

more).

s Do not be afraid to use rasl students with your projacts, sven in the prololype stage. They
will understand and apprecisia that you are activaly working on improving the experience
for tham and fulurm xiudents.

Brownfisld Action has damonstrated success using students in real classroom sattings
who knaw wa wam studying their leaming in a new axperance. Most stucents have no issuss
with ihis approach bacause they soe the instructors caring about the quality of whit the Students
are experiencing. Thay see active decision-making on the part of tha insirucior based on their
feadback that may not impact them, but will impact students who take the course in future
iterations, When compared 1o baking courses whara the faculty mamber who has not changed &
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word of tha instruciion given for several yaars, a course that is seif-reflactive by its very nature
has an atbractive anargy ta it.

Tha main dreawback io this technique is he inatitutional constrainis of assigning traditional
gradex to studants. Some students may be upsat that the grading for a coursa in active
davelopment is not articulated wall enough, that thair grades ara somshow up for grabs. | would
argua that this points to the inadequacy of institutional grading systems and need for new
assesament procadures, but this track goes bayond the scopa of this study.

= No matter how hamogenous you think your student population is, every student is
different. Every student will have a different reaction (o a givan iearming opponunity and
walk awsy with a different piece of the expenence. Tharefora, talk to students in your
intended audience bafore you compiate your dJasign, while thay are in e axpariance,
and alterwards fo find out what is really happening on the ground.

This statesriant has been discussed at langth, but it should be emphasized that baing
convincad of this Tuth can lift some barriers in the heads of tha project team. It is only human
natura for ma 1o expact that avaryone sees the wordd as | do. The truth is, only | a&e the world
the way | da, and no one aise has my view. Designers and faculty members fall into this trap
over and over again. A faculty member axpacts that all students gof what he of she told them in
ona of his or her batter lacturas. A graphic designer cannot imagine that a student would migtake
a busutifully placed Quit Button for decaration. it happsns aver and over again.

Talking lo a range of atudents that are a part of the intended audience at differant phasas
in the projact procass can provida a lot of perspeciive. Designers and facuity members can sea
mebmadmngnufnxmmtnmdmhmillbﬁhﬁmhgmaproju:t.Thuywillqunrulikﬂy
to sae the range of possible outcames from different design choicas. Then while the project is in
use, talking to siudents will giva anecdotal evidence for succasses and Faprovements that often
cannot be captured on a form or alter significant fime has pasxed. Taiking to students after an
sxperience can also bé helpful, and it is probably the most common approach because it takes
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the leant sffort and someona not involved in the design can fairly easily carmy it out. However, it
will usuaily give you broad strokes on what you accomplished, but rarsly the detais neaded to
deduce which decisions you made wera essantial and which onas nead 10 be ravisited. Real

IMprovamant comeds in tha details found while in tha sxperiencs.

s Allow structure for your work (o amarge and 0o nol over do &,

Rather than taking all of thess recommendations and applying them 1o another situation
in a recipe-ike fashion, this study and this project demonatrate the benefits of allowing a structure
of work 10 emerga from the peophe nvoived. This should not be taken lightly. Using sach of the
projoct participants’ intuitions in this project's sarly stages, we got Brownfisld Action off the
gmmdmdmnninn.ﬂvuﬂmnwmﬁndmmmbuginputﬁnnminplmm
ground oursaives to whers wa had bean and where wa wers headed. We realized we should be
sharing our work with othars and have been developing a process for communicating naw
knmmulﬁninfmmﬂmmdwmitwillbnfmmwtafrnloxamplu,justﬂ
our dasigns were made for real work by students. Wae did not co-opt anyone olse’s strategy. Wea
made our own based on our successss and failures. One might say the design of CCNMTL's
project process was a Design Research project itkelf, with Brownfisld Action as one of the
prototypes that fueled the initisl designs.

| say, “Do not overdd it,” becauss inherent in whataver struciure emerges shouk! ba the
maans 1o knock down structuras and rabuild. Oo not allow tha rulas that are laid down to gavern
the work in a rigid dictatorship. Thosa people doing the designing and building musat be allowed
to besak rules when they have good reason to. If that was not allowsd in the case of Brownfieid
Action, ha projéct ey would have hagpened at all because a full-semesier siudent project
immersad in tachnology is not supposad 1o ba doabils in three to four months with No user testing
the first year, but it was done, and done wedll.



in tha end, good projact work is sbout taking caiculated risks and learning from the
consequences as quickly as posaible. CCNMTL took many risks sasly on its {ife. Brownfieid
Action was one of the risks that paid huge dividends.

172
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CHAPTER VII
What Lisu Ahaad

Ihe Future of Rrownfisld Action
Brownfiekd Action will continue to be used in Or. Bowsrs course for the foressaabis

future. Based on tha 2001 and 2002 findings. we ara seaking funding to do at lesast one more
cdavalopment cycie to move the project to version 3.0. The hope i that version 3.0 would be at a
stage whars other institutions could test its efficacy in their contexis and work with us (o refine the
project for a possible commercial release. Possibis new areas for new developmant include:

» Addition of mora Phase Two multimedia to keep the momantum going after the Phasa
Cin port 18 tumaed in, including aaditionat documents and video {0 resolve the story of
the town once the contamination is discovered {currently this is all dane verbally by
instructons)

» Revision of the cost structure and addiional budget functions for aasier transfer 1o the
phase one report (curmently students have ta copy it manually)

» Additional data to represent pesticides that would most likely be present at the vinayard
and nursary and a richiora-sthylene (TCE) pluma that would most likely b present at
tha junkyand (this would aliow more direct ties with data to A Civil Action. which focuses
on TCE and Sélent Spring, with its focus on pesticides

s Additional functions to make data collection quicker and aasier in the testing acea (the
place whans mast stugents found the tediousness at its worst)

« Agditional tasting tool for radiation delection

» Ability for teams to share data they have collectsd aver the intemat (cucrently students
share data by hand)

+ Adding a mouse (o aach aptop in the lab

=  improved sarver application 3o that instruciors could manage student accounts (curment
varsion does not have an infuitive interface for a non-programmaer)
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Improved server functionality for low spesd connections (currently only high-speed
connactions can 1og in to Brownfield Action)
Transferring the sarver to Bamard technology administrators (to demonstriale how
CCNMTL can complets a “passing of” of the complele project)

Non-intsrmat version for iocal labs or individuals o do the project without being online and
for demonstrations

There is still much that could be leamed from continued study of this project, bath at

Bamard and at other inatitutions. Possible areas for further design and study include:

]

Trying larger tagma of students working together and/or adding additional partner support
to assist students in working together more effactively, including the design of a atudy to
follow teams thraugh the project to tast the vaiue and nuances of teamwork in Brownfield
Action

Having a new instructor taach one or more of the Bamard labx io test our ability to train a
new instrucior and 10 soe if 3 more balanced ieaching approach based on our findings
would add valua for students In the project

involve anather institution in trying all or a portion of the project in one of their courses to
teat our ability to ransfer the project to another contaxt

Thero are likaly many maore NUANCES ON siMulation as a design framework that can ba

gleaned from further study of Brownfisld Action. The work at the University of Twente by Swaak

at al and de Jong ot al refermed to in Chapter | points to an area of tacit or intuitive knowisdge ihat

studants gain from simulation that i very difficult 1o capture in students. Rather than a contralied

nm,;umwtwhﬂlydoiitmmtbuuuﬂﬂowmmammfwmmnmwﬁmw
from students in Brownfield Action.
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Lautner and Vearyman et al, aiso referred to in Chapter |, look at different styles of
guidance in more controliad atudiss. 1t might ba useful o apply some of thair findings by having
an instructor other than Joa or Diana teach one or mons labs.

One could also sxperimant with larger teams and study the parine or group dynamic
mone closely by iracking lab partners either togather or separately to learn more about the this
factor in the use of simulations.

Both Bamand Collega and CCNMTL are also aclively seeking funding support to camry
Brownfiakl Action outside the boundaries of Columbia and Bamard to ather institutions. In April
2003, a woekend seminar for nikrestad colleges ook place ot Bamard, sponsored by the Andrew
Mellon foundation. Thix saminar walked interested instryctors and adminiastrators through the
Brownfsid Action axperienca in an effort o communicate what we have lsamed and {o try to
spark interast in sharing this project and in developing similar projects in othar areas. Preliminary

There are a significant numbet of CCNMTL simulation prejacts that have alrsady

benafitad from soma of the leasons lsamed frorm Brownfield Action.

Belistiim
The most direct banafits from Brownfleld Action can ba seen in the ReliefSim project

(hitp:foarimil.columbia.edu/projects/reliafaimy). ReliefSim is 8 simulation for training in decsion-
making in humaniarian smergencies at Columbia’s Schoal for Public Health as well as non-profit
organizations and other govemmental institutions. Students are placed in the role of director of
redigf operation at a refuges camp. Thay muat make use of thair limited resources as bast thay
can o minimize loss of life.

RetiefSin is designed with the framework in mind that simuiations are a good strategy for
having studants interact with & complex muitidisciplinary system. Students of humanitasian refief
are raditionally taught tha diffarent alements of the systam in isolation. For mxample, students in
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the standard Columbia course recaive two lecturss on nutrition followed by a lactura on water
neads. Then they receive a sat of three lactures on common diseasas. However, in a real
emergancy satting, sach of thesa factars is highly dapendent on the others and mansgers must
place prigrities on which slements will be monitored for dangers, which elements will recaive
assiatanca, and which solutions will ba inplamented to accomplish the salactad assistance.
Thesa choicex cannot be effectively made by peopla in the fisd with training in only one area of
expartiae of by paople trained in each elemant, but in isolation from one another. Through
multiple interactive scenanos, the RelisfSim project hopes to give students practice at this type of
dacision-making.

Figure 20. Screenshot of the RelleifSin prototype.

Currently, this project ix at the prolotype atage. As can be sean in Figure 20, ReliefSim i
a text-only Interfaca that might remind someona of somathing built in the early 1580s. For the
pratotype, wa focused solely on the simulator, o model, knawing that we can add an interface at
a later point (In fact, we worked on interface designs in parailel to building the prototype but have
not implemented a design yst). We chase this siratagy in part because of knowledge about the
affort involved in building Brownfield Action. In the first year of that project, approximately ninety
percent of the eflort want into the data model. Onca that was accomplished, laying an ntarface
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on the Brownfield Action maodsd was not trivial, but it was dona very quickly. We laamad a lot from
that first uss of the projact, and then spent the majority of the resourcas in year two developing a
bettar interface, adding networking capability, along with all the characier work. RediefSim will
travel down that same mad panding additional funding support.

Haart Simytator

This project takes advantage of the distinction between simulator and simulation laid out in
Chapler t. Tha Haarnt Simulator ts not & simulation. Students do not have a role and a contaxt in
which to solve a problem. Ingtead, the project is the simulator modsl on ith own. The students
who use i are primarily first-year medical and dental students at Columbia University. The goal is
1o have studenis becoms axperts in the model ilzatl. A simulation would hice the modael and ask
students to infar what was happening to davelop problam-solving skills. These students nead to
intamaiize the modo first, s¢ wo present the model's inputs and outputs in varous forms and give
students the opporiunity 10 control specific paramaters and see the effects of ihair input {sea
Figure 21).

Figure 21. Screenshot of the Heart Simulator.

Al a later stage, CCNMTL may chocse to layer a sinulation of an emargency room
around this mocksl for mora advancad shudenis who aiready have the model intemalized in order
{0 practica the real-world skils of quick diagnoais and trestmant planning in cardiclagy.
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News Reporting Simulation

The Joumaiism School and CCNMTL (led by Kristen Sosulski) worked together 0 create an
online simuiation of a fire scenanio for beginning students to leam to basic reporting skills (Figure
22). Shudents are given a boat and tools ta cover the story of a fire in a fictional town. Thay
conduet virtual interviews similar to those in Brownfield Action in order 1o file a lead and then a
story covering the fire.

Figure 22. Screenshot of News Reporting Simulabion

Eolvills
Columbia's School of Public Hasith wewiked with CCNMTL (md by David Van Essaistyn) o

develop a simulation of a diseasa outbraak for an spidemiology COUrse. Studenis play the role of
a spidemiviogiat, gathering facts and daciding actions to curb an outbreak that has struck the
fictitious: town of "Epivile™ (Figure 23). Tha simulation uses digital video newscasts and
intarviews and municipal Web sites provide information about commarce and dissasas in an
attempt to mirror raal-ife siustions. Thves different simulations map onte three different types of
apidemiclogy study designs — case conirol, scologicat, and cohort studies. Interactive, multiple-
choica axamination aliows students (o test hypothasas about thass Cases.
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Figura 23. Screenshol of Epivile simuiation.

The Future of Educational Technotogy and CCNMT],

CONMTL will continue {0 rafine its processes, take risks with inngvative projects, and
mature into & knowledge craation organization for the world in the fiald of aducational tachnology.
its rules have bean Mmads 10 be broken. Projacts will continus to be crasted for real classrooms in
order to study hypothases and techniques in suthentic environmants. CCNMTL ia on its way to
genarating a shared knowladge base of its findings an many lavels, from domain-specific theories
10 broadat frameworks. The method for how that will be accomplished is stilf n progress, and the
only thing that is certgin is that this concapt will continue o evolve and change as mora projacts
are taken on, more data is collecied, and more theories are shaped. Brownfield Action has
taught many lessons, but it is just one project. CCNMTL's projects now RUmMber in tha hundrads.

Cantars such a8 CCNMTL are stil the early asttiements on the frontier of sducation with
new madia. Projects such ax Brownfield Action are windows into the future of what aducation
coukd bw in this naw milennium_ YWe are the colonisis in this new frontier. We have only
scratchad the sucface of what can be discoverad in thia feld through the act of designing,
building, implementing, svaluating, and sharing. 1t is still up to us to keep striving 1o delermine
what aducation should ba in this new millennium. The experienca of doing it should certainly be

an sducation.



Your axparience can be an aducation, but anly if you make it 8o.

R.K.
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APPENDIX A
STA Proposal
Peier Bower, Ph.D.
Senior Lecturer
Department of Environmental Science

Barnard College

z. Iitie
“The Groundwater Project”

a. Princiole Educasional Goal
The Groundwater Project (GWT) has been part of the Introducto
Environmental Science course taught at Barnard for the last five years. ?u: laboratory
ses3ions are required to complete the GWPE. There are also ancillary laboratories and
coordinated lectures and readingy.

The basic premise of the GWP is the need [or a corporation o assess groundwater
contamination on a site which they are planning ta purchase in order to develop a
shopping center. Because they become Eg—a.ll respansible for any pollution on the site
once they purchase it they hire an environmental 8rm to make a site invesdgation. Each
environmental company consists of two students. The company is given a budget by
the development corporation. Each student company then competes with the other
student companies to see who can find the groundwater contamiration on the site
while spending the least amoun: of money.

Students purchass information using various means and technologies, such as: workers
to find ﬂmum at the municipal building or to interview local residents, ground
pmemﬁns radar to search for underground disrurbances (pits, tanks, etc.}, topographic
data, ar drilling to mention just & few. S5ome information is much more expensive o
obtain, 5o that the company attempts to locate possible sources of contamination in
othet wavs before embarking on drilling and sampling operations.

Students eventually compile a surface map showing topography and present and past
human alterations (buildings, pits, pipes, roads, etc.), a water table map, a bedrock
surface map, and maf contamination. They must keep an accounting of their
expenditures and several reports to the development corporation desaridbing their
results and current sategiss before making their final report.

All of the information which shudents seek to obtain is stored in foldens in file cabinets
or on computer programs. Student make written requests for information dtng the
techaology to be used and grid box numbers corfesponding to the specific location on
the surface map. These requests require the instructor to find the specific information
and give it to the student or the student to access the information by making requests of
a computer which has the baxic parameters of the site szored a3 a dawabase.

The main goal is to upgrade this project by:

a} Creation of a new database for surface tapography, depth to water table, subsurface
regolith, and depth to bedrock Each of these databases allow the creation of a three-
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dimensional (3D) surface. At present students acquire data at a limiled number of
id locations and draw contour maps by hand.

b} Creation of a 3D database for groundwater contamination. At present the database
is 2D and ¢ontamination is indicated only by general types (floating, dissolved,
sinking) with concentrations indicated by a range of numbers (0-10, 10-100, etc.). The
creatian of the 3D groundwater contamination database will also include specific,
redl-life chemicals and concentrations.

€} Selection and/or creation of software to visualize 3D suzfaces and 3D plumes of
groundwater contamination. This software showld allow the student to visualize the
entire sitx under investigation much like the computer games "SIM CITY™ and “SIM
ANT". Individual grid boxes may be entered and explored as well.

d) Selection and creation of software to interface with the decision-making and
eeonomic (accounting) of the GWP.

¢) Creation of interactive, educational sofrware to teach students about the
groundwater technologies they utilize, such as: ground penetrating radar, seismic

rofiling, soil gas, the drilling, menitoring, and sampling of wells.

f) GCreation of a web-yite to guide students cutside the classtoom through all aspects of
the GWP. This would include the newly written history, the socio-political and legal
framework in which the GWP takes place.

LM ble Project Obiect

In order to achieve the goals stated above the databases must be created and the
software must be in place so that they can be utilized in the Inttoductory Environmental
Science class in the fall of 19%9. The measuring stick is the extent 1o which the stated
objectives can be actually incorporated inta the curnculum this corming fall.

5 Development Milestopes

2) Creation of a database for a new surface grid map ncluding human alterations,
history, present vegetation and surface topography.

b} Creation of databases for: water table, subsurface regolith, and bedrock

€} Creaticn of a 3D database for groundwater contaminadon.

d) Development of interactive so allowing students to learn about the site, make
deasions, spend to acquire resources, information, and data, and visualize
their information and cata as 3D views of surfaces and plumes.

¢) Creation of interactive, educational software and a web-site 1o support the above.

6. STA3S Work R ilin

The STA must become familiar with Emundwntei: and groundwater contamination as
well as the existing GWT. The STA will asxist in the search for case studies of
groundwater contamination useful in tw formation of a the databases. The STA will
assist in the inpurting of this information into the selected database sofrware. The STA
wil]l work with Frank Morettd and his staff on the above as well as the creaton of the 3D
interactive software which utilizes the darabasas,
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7. Technology /Information Components Needed

The infortnation required for the CWP is the Sctiious, bur real-life information to be
included in the databases. This already exists on paper and has been gleaned from
actual case srudies modified for pedagogical purposes. This needs to be renewed and is
my arae of expertise. Software must be chosen as the receptacle of all this informatian.

The databases ¢an then be accessed interactively using other 3D software. These
software and hardware components are the e of Frank Moretti and his staff
upon which I will rely and upon which the collabomatian for this project rests,

8.  Comnuing Supgort

Contact with Frank Moretti and his staff will certainly be needed and

useful when the new GWF goes into service in its rest-phase. Only in the actual use of
the product with the problems encountered and with fge student and instructor
re?on.ﬂ will changes and fine-runings be realized. It is hoped that with this testing
and the subsequent changes that the product become commercially available.

9

. Assggsment Strategy

[ndependent assessment of the project, of students, and of instructors by individuals
and organizations at Teschers College would be sought during and after the testing
phase.

16. 2L Candigate

If possible, I would like to use a briliant high sehool senior, a Nationat Merit Seholar,
who will be attending Dartmouth this fall majoring in Environmental Science. He is a

grfect match but [ am not sure if he qualifies for the program. He has not applied as a
A candidate.
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APPENDIX B
Brownflsid Action Coniract Text

An AGREEMENT mada as of tha day of . 1999,

by and between Malls-R-Us, Inc. representad by Saymour Buckmeister, Presidant and
, rapresaented by

. and

, Principals, (hereinafler refarrad o as the

*Coniracior).

Now, therefora, in conaideration of mutual agreements and covenanis hemein contained, the
partins horeto agree as follows:

1. Ax usiad herein, “Contractor” shail maan the party contracting with Malls-R-Lix, Inc.,
and shall inciuda any subcontractor.

2. The Contractor agrees o provide the material and to perform all the work required in a
substantial, businesslike, and first-ciass manner, and In conformity with the general provisions
and spacifications attached below, and, ¥ applicable, in strict obadience to the directions which
may I‘r;m tima to ime be given by Seymour Buckmaister or other authorized represantalive of
Madls-R-Lix, Ing.

3. Malis-R-Us, inc., agrees o pay to the Contracior, for the work parformed as aforesaid,
£75,000. An initial payment of 560,000 will be made upon the signing of this contract. A finad
payment of $15,000 will be made subject to the provisions of Section 4 balow.

4, The Contractor agress that the sum of money received for the work performed and for all
materials provided haergin shall be received as full compensation for all claims of the Contracior
against Malls-R-Ux, In¢., undear this Contract or otherwisa, including but not limited to the
fumishing of matariala, labor and tools used to complate ihe Contract in accordance wilh the
spacifications. All ioss or damage ansing out of this Contract due to the action of the alements or
any unforaseen obsatruction, defect or difficulty that may ba sncountered, shall be borne by the
Contractor. Tha Contracior shall be rasponsible for ail axpensas incurmad by of resulting from the
suapansion of discontinuance of this Contract, and shall be responsible for the faithful completion
of this Contract in the mannav sat forth in the specifications, plans and general requirements, and
to the thorough and antire satisfaction of Malls-R-Us, Ing. Prior to receiving final paymant, tha
Contracior shall execute an affdavit prepared by Malls-R-Us, Inc. wharein it acknowladges that
all debitx and liabilities arsing from this Contract have been proparly satisfied or discharged.

5. Tha Contractor agrees {o indemnify and save harmiess Mails-R-Us, Inc., its agents, servants
and amployees, from any and all claima arising out of injury, death or propedty damage which
may occur in connection with the Contractor's parformanca of this contract. The Contracior has
fumished to Malls-R-Us, Inc., at the time of the signing of this Contract, a Ceriificate of Insurance
which includes the following: (1} a provision holding harmieas the Malls-R-Us, Inc., itk agents,
servants gnd employess; (1)) kability limits of not leas than $1.000,000 for boadily injury and
$100.000 for property damage; and (1) & provision that Malls-R-Us, Inc. ba given ten days prior
wrilten notica in the avents of cancellation of the aforementioned Certificate.
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6. Malis-R-Us, inc. agrees that the Contractor may sublet any part of the work required to be
performed by this Contract, snd that it may assign or transfer this contract or any part thereof
without the written consent of Malia-R-Us, Inc.

7. Tha Ceontractor stipulates and agrees that time is 1o ba considered as an slemeni and of tha
assenca of this Contract, and that said Contractor has 50 considerad it and figured upon it in
agreeing to the aforementionsd $75,000 paymeant. The Contractor agrees that it will commence
and continua said work in an uninterrugied manner, according (o the terma of the apacifications,
and shall complets such work, complete every detail, within eight (8) weeks or forty (40) working
days) after the date that this Contract is signed under tha panalty in form and terms set forth in
the specifications.

8. The Contractor hereby states and daclares that sha/he (or if 8 corporation, its duly authorized
officer} has read sach and svery clausa in this Contract and has thoroughiy and fully axamined
the specifications and provisions for said Phasa One investigation and that, in ali aspects, shehe
fully undarstands the sama.

8. It is furthar sgread that no certificete or payment made under this Coniract shall be desmed
conciusive avidanca of the proper parformance by tha Contractor, either wholly or in part, and
that no payment by Malls-R-Us, Inc. shall be construed as an acceptance of defactive work or
improper matesiais; snd any mistake mada in any aspect of this Phass Oné Inveatigation, sither
partial or final, of in any payment, shall ba immadiately rectified as soon after the discovery of
same A poktible.

10. The Contractor further agrees and warrants that all labor, materials and methods shail be in
strict accordance and compliance with the specifications attached hereto.

11. The Goniractor hamby covenants and agrees with Malls-R-Us, Inc. that all warkers empioyed
for the purpesa of this Contract will be paid an amount not lass than that prescridbad by the
Commiasionar of Labor and Industry, purscant 1o the Drumlin Slate Prevailing Wage Act.

12. The parties agres that the mandatory language required by Subsaction 3.4(a) of the
Raegulations promulgated by the Orumiin Dapartment of the Traasury, Affirmative Action Office,
pursuant to Public Law 1975, ¢. 127, as same may from tima (o tima ba supplemenied and
amendad, is incorporated harein by reference as if fully set forth, and the Coniracior agrees to
comply fully with the ierms, provisiona and obligations of 3aid Subsection.

13. In the avent that the Contractor fails to satisfactorily complate or timely perform the work
requirad of it, undes this Contract, or fails to comply with any govemmental rule, law or regulation
relgvant 1o this Contract, Malls-R-Us, Inc., at its option and without any liability to the Confractor
or otherwise, may terminate this Contract, and the Contracior shali be |lable for any and ail
axpenaes incumed by Malis-R-Lix, inc. by reagon thereof.

Provisions and Specifications

14. The Contractor agrees that it will conduct a Phase One Environmeantal Site Assessment
(ESA) in conformance with sxisting (ASTM) standards and produce a Phase One report
inciuding:

a. site topographic contiur Mgy,

b. siteé badrock contour map;

. site map showing locatons and addrexses of surrounding propertios;
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d. physical description and site topographic contour rmag of the Saif-Lume proparty;

a_ physical dascription of tha subsurface at the Seif-Lume property and to the axtent possible the
site as a whole Including but not limited to: saediment type, sediment size analysis, poroaity, and
parmeabilty;

d. physical description of the aquifer under tha Saif-Lume proparty and 1o the axtant possible
under the sile as a whola inciuding but not limited to: groundwailer table slevation and direction of
Mow;

f. dascription, location, and preliminary analysis of any intarior or axterior condition or
contamination on the Saif-Lume property requiring a Phate Two ESA;

g. deacription, location, and preliminary analysis of any condition or contamination on a
surrounding property impacting on the Saif-Lume property and requiring a Phase Two ESA;

h. rationale for or againat any Phase Two ESA;

i. budget summary for all expenditures.

15. Contractor agrees that the site consists of the Seif-Lume property and any surmounding
properties included on the Malls-R-Us, Inc. site grid map with dimensions of 2000 feet by 3300
feat attachad heralo.

18. Malls-R-Us, Inc. agrees o provide the Contractor with any and all information conceming the
site that Malls-R-Us has availabie to it including but not limited to:

a. piat of Seif-Lurma property;

b. topograghic survey data for Seif-Lume site

. site rid map (2000 feat x 3200 fest).

d. information concarming the industrial process and operations of Seif-Lume.

a. an Environmental Site Assessment Checklist;

f. ASTM Prasa Ona ESA standarcs;

N WITNESS WHEREQF, Mails-R-Us, Inc. has caused this Agr@ement to be signed by

Seymour Buckmaister, Preaident, and attested by Beanjamin Pennypacker, Secratary, Mallg-R-
Us, Inc., seal affixad thereto, and the Contractor has hereunto sat his hand and saal, the day and
yaar firgt abave written,

By. Seymour Buckmaeisier Malis-R-Us, Inc.
Saymour Buckmaeister, Presicent

Attest: Banjamin Pennypacker
Secratary

Contractor:

By: R
Principal

By: ,
Principal
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APPENDIX C
Brownfisld Action Visual Reconnaissance

8:00 AM — Visited Building Department of the Morains Municipal Government Complex and
obtained maps of all propertias in the vicinity of the Self-Luma property.

8:30 AM - Began drive-through at intecsection of Pitch Pine Lane and Bouldar Boulevard (aka
Route 68E) - drove NE on Bouldar Bivd. - "No Hunting / Proparty of Moraine Tawnship® signs
postad on both sides of the rosd - both sides of road have “pina barrens” vegetation (dominated
by scrub oak and pine) with light-colorad or beige soils that are visibly sandy and gravelly. About
0.3 mile further down the road |3 a namow clearing on both sides of the road, ~20 feet wide
extending NW-SE; slopped car on side of mad; there is litthe vagetation in thase cleared siripa
axcept for low, scraggly weeds; to the NE 40-50 feat from road is a brick building (20 fi. square)
witting in tha middle of the clearing; on the building is 2 sign stating “No Tresparsing/ Township of
Moraine/ Division of Water Supply” - the building is possibly 8 pumping station bacausa the
claaring runs straight up hill all tha way to the water {ower (clearly labaled "Township of
Moraine®); the clearing on the other side axtends siraight downhill {about two foolbali flelds awsy}
to another brick building which (with my binoculars) looks to be saveral times the size of the first
bullding: 1l fry to check this building out when | cligse my icop at the end of the day.

9:10 AM - Back in the car - 150 yards further up the read is a BTEX gas station - whare | pull in
for & fuil tank of regular gasoline - the addrass is 21-172a Boulder Boulevard (aka Rt. 86E) - the E
is for Esker County aa this is a county road and the 21 is the 213! sagment from the road's onigin
in Assininboine 23 miles to the SW (this as told io me by Al Milankovitch, tha brather of Tillle
Terrain who gwni both the dinar next door and the gas station) - this | find out when | go get a
cup of cotfes 2 a buttered roll from Tillia's Diner (21-172b) - the only 24 hour diner in Moraine.
Tillis - very friendly and chatty, pushing 60 (7) - told me that the property and the diner were
bought by her parents back in 1958 - that tha diner was renamecd Tillie's at that dme - that she
has worked there aver since - that the gas station was built in 1988 - and that sha purchased the
property in 1971 after her husband diad in 1970, Her brothar Al runs the gas station. The Fim
Freaze across the road she aays was opaned in 1979 - it closes down at the end of Saptamber
and reopans avery April Fool's Day.

9:40 AM - From the diner | pull across tha atreat into Firn Fresze (22-11 Boulder Bivd.), a local
*Dairy Guean” typs oparation - a bit nun down, dusty gravel parking lot - the property sils on a
triangta formed at the intersection of Rt. 66E and Loess Lane. Directly 5 across Loess Lana is
what appears to ba mora Townzhip property that ran all along the E side of Rt 66€ on my way up
1o BTEX - however, the vegetation has changed (o a daciducus forest (3econd or third growth}
with the clder trees maybe 50 to 75 years old - the soils are visually finer and cark brown in color.

9:45 AM - Az | grocaad E on Loess Lane there is a small stip of land with a few trees thal
applmdiltmfmmﬂwnphﬂtpwﬁnglnlnflﬁlroy'sﬂarﬂmLnna}dhul'ronmgnm'mii
bar i about 200 faat - just beyond the bar is another open area with more rees and undergrowth
(=100 fest of frontage) - directly acrass from this open space i a large asphalt driveway
{fentrance to the parking lot for the Wedging Nursery (at 10 Loesa Lane) - 88 | pull into the parking
fot | find it to be a busiiing place with the asmail trucks and vans of local landscapars loading sod,
dirt, chips, etc. Thare are thres long greenhouses on the W side of the Wedging parking lot {Le.,
directly across from Kilroy's Bar) and one lge and two smaller buildings around the (ot - guiliack
{10 the S from what | could see from ths lot was a large sod farm with other growing areas for
iregs and shrubs (somewhere batwesn 5 & 10 acres); just st the 5 end of the parking kot is a
small squars shad (a well?) with old hose, pipe, and other imigation aquipmaent laying around -
thera are saveral large trees interspersad on the site and many rees and low growth bordering
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the siia. Just before leaving the nursery | picked up a business card in the main office which says
“Wadging Nursery/ serving landscapers and garcensrs since 1880/ Flora Bluma, Proprietor.”

10:05 AM - Tuming right onto Loass Lane haading E again - about 100 yds. down on the N sida
is & paved antrance 1o Pluckar's Scrap Metal (15 Loass Lane), an suta wrecker and scrap metal
business - there is a large fence surounding the property - the front gale was open - the paved
road sxtengs straight in 10 the N anding about 150 yds_ i tha distanca in a 30 L. high pile of
scrap matal (fenders, hoods, doors, eic.) - on the right is a long building with stalls containing cars
in various steges of being stripped - on the Iafl is a amall office building - there are cars
averywhare, somae pilad on asch other - a dirt raad axtands to the W batwean more pilas of parts,
barreis, tires, atc. - 8 crane is operating off behind the offica building lifting metal into 8 compactor
- a real junkyarnd compiate with yelping junkyard dogs that have announced my now unwealcome
presence.

10:2% AM - | laave Plucker's tuming teft onto Loess Lang. Directly across from Plucker's ia
{according to the name on the maibox) the Wedging family homestead (12 Loass Lans), a iarge
2 112 story edifice with mansard roof, two chimnays and sight gablas - a paved driveway leacs (o
B Iwo car garage. The site is nicely landascaped with numerous shrubs and several large traes.
Just 100 ft. or 50 down from the Wedging family driveway on other (N) side of Losss Lans s a
dirt road leading back into the junkyard but a meial gate blocks the way though it doas not
complately obscure the many cars and piles of sorted (and sordid?) detiris.

10:30 - I'va finally arrived at the front anirance to the abandoned, Seli-Lume factory site Lane (20
Logss Lane) which is about a football fiskd away from the Wadging driveway ancd also on the 5
side of Loess. My key o the building itseif is for the padiocked door in the rear parking Jot but |
alzo have keys for the chain link gatex at both antrances. The proparty is suroundad by an aight-
foot chain link fence. The 200 ft. entrance driveway axtends straight to the 5 and ix surrounded
by densa deciduous forest with many large and intermediate trees and heavy und
aspecially along tha sides of the road. Coming down the road | can sea part of a water (7) tank an
the roc!. The foilaga is the same around the parking lot. Both the road and the parking lot ane
littered with twigs, leaves and the like. The parking lot is about 150 ft. wide and 300 &. long with a
rectangular island (approx. 30 x 200 R.) of trees and undergrowth right in the middle of the
parking lot. From the S end of the iot are two sidewalks abcut 100 ft. apart, tha W one leading to
the maim entrance (with a slightly rusted "Seif-Luma, Inc.” sign sl in place over the entrance
portico) and the E sidewalk leading i a amalier l8as imposing entrance probably for workers.
Nothing seems unususl - singla story, cinder block construction, a flat roof not visible from the
ground lavel, the windows are all stil intact and closed - the tan paint is weathered and pesiing in
places - empty office rooms {no furniture, no debris) are all ona can sea through the dirty
windows. Large weeds, overgrown shrubs, and several young, invading trees now sumound the
buikding at the front and along the W wall; however, at the SE comer of the parking lot is a
clearad area about 40 . wide running along the E wali of the factory - all that is growing hers aré
waads and grasses - the substrate conaists of 3/4 inch diameter gravel with somae dirt in the pore
spaces - it looks like an old access raad but it is inaccessible to vehicles becauss seven large
glacial erratic boulders have been moved into piace at the edge of the parking lot in front of tha
cleared area. With binoculars | can sae that this old road axtends ta the raar parking kot whare |
will have a batter look.

11:04 AM - Leaving the Seif-Luma site and turning right onto Loess Lane heading £. On tha N
sict= of the road about 200 R down from the Satf-Lume entranca is a road running straight to a
iarge red bam then another 150 ft. down the road is a driveway and a garage followed by a large
two story red sandsione home. There is a sign near the mailbox that indicates that this home is
an Eaker County historic site and was buiit in 1837 as part of the Fallow Farm. The maitbox also
says Meradith and James Fallow (25 Loess Lane) 30 | prasums that soma part of the family
continues to live hare. The home sits on the NW comar of Loass Lane and Ermatic Avenus and is
nicaly landscapad with several very large elegant oaks. On the NE comer there ix 2 second or
third growth forest with dense undergrowth and many intermediate trees. The sama can be seen
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on the SE comer but older trees dominaie the SW comer which is the NE comer of the Seif-Lume
%itlr,

1115 AM - Tumning & on Erratic Avenue - about 220 ft. down on the E side of the road is 2
relatively new condominium development (18, 20, 24, 28, and 32 Ermalic Avenua) - ke are two
story, wood frame, rathar ordinary - the development is under the aegis of the so-called Kame
Kondo Association - thers are five units, each with driveway and garage under the sacond atory -
landscaping is severe at prasent wilh 2 few sparse planting of irees along the adges of the
propenty.

11:30 AM - About 100 ft. down from Kame Kondos on the W side of Erratic Avenue is the factory
(dellvery) sniranca 1o the Seff-Lume site. After uniocking the padiock and opening the gate and
driving down the long (300-400 ft.), wide (50 f.) raad | entar a large, reclanguiar paved area
{about 200 x 300 fi.). Both sides of the sntrance road are guarded by the same forast and
undergrowth as the other entranceway. | dfive in straight ahead at the W end of the ot where |
find a concrete pier (about 10x30 ft.) on which are two gas pumps (old, rusted, no hoses of
nozzies, and no markings, ssemingly empty metal shealls). There are two steel caps, almoat
cartainly the covers for refusling pipea of the UST for thase fusi pumps, visible in the asphalt.
Both of tham are about 7 1/2' la the E of the concrate pier and 5 down from the N and and S end
of the pier. Most af the [ot is bordered by the same forest and undergrowth previously mentioned.
Thera was once a cleared zona (lawn?) about 40 ft. wide along the W side of the building which L
can see from the old pumps but this is now repiaced with considerably new growth, weads and
small, invading reas, etc.- I') walk this area after lunch. Just to the 5 of the old fusl pumps at the
adge of the parking lot is a wide area (about 100 x 100 fi., but imeguiarly shaped), once Cleaned
{thera is no old grawth), with similar vegetation to that along the W wall of the factory - this
disturbed area extends out into the older forest. Upon closer inspaction the substrate of this area
is dict and gravel mixed with chunks of concrate, pieces of cinder block, asphait, and other debris
{(a piece of 2 by 4, matal flashing, an old pail. a hall-buried bucket of tar) - this is a faify recent
tandfill of some sorl. | raturn Lo the car by the pumps and drive to two olkd trailes {rusting, rodent
infested with fiak, rolting tires) in the far SE comer of the (ot - they are ampty excapt for piles of
fiattanad, bundied, and now rotted cardboard boxas that the animais sesm 1o love. | retum o the
car and drive 10 the back entrance aflér passing the two Joading docka in the right rear (facing N)
of thé buiding. The large meial beck door is in the center of the building close to westernmast
lopding dock. Rather than Segin an inlericor inspaction | decide to have lunch.

12:15 PM - Ratrace (Eratic 10 Loess and back to Boulder) to Tillle's Diner for lunch. When |
inquired about Kilroy's Bar, Tillie told me that Jeck Kiiroy was the former Chiaf of Police and that
ha bought the former PAL building and converted it into a bar and grill about ten ysars ago - il's
now a popular place for locals, especially Moraine's unilomed sarvices. She aiso told me that
Heclor Fowter, the owner of Plucker's, and Jack Kilroy go way back and are regulars early in the
moming — and that Plucker's was established in 1962 the year she graduated from Moraine
High. Good food and good stories at Tillie's Oiner that | am now leaving in ordar 1o ratum to the
back entrance of Setf-Lume.

1:10 PM - | decica to finish examining the exterior before entering the building - along the west
wall which | inspected by walking from baci to front and back again | confimed the initial
observation of a 40 f. clasred zona (now ovrgrown) extanding from the W wall outwand. Now,
howaver. { have found in addition a much larger area that was once cleared (ol visibie to me
balora). This orea is about 100 fi. wide centered on ihe middie of the W wall and exignds out from
the building 120-140 fi. to the W. Thus, there is an acditional cleared zone 100 x 80-100 R juiting
into the forast from the Geared zone mentioned bafore. Again the vegelation in tha onca-Cleanad
hutnowovugmwnmhmmmm(mumm-awofmnuﬂminmmm)
and is about 50 R, lower in height than the canopy of the surrounding forest. Closer inspaction of
the surface of this zona raveals that the soil etructure has been disturbed compared 1o tha
surrounding forest (which has a surface silt loess (ayer 1-3 faet thick) which is missing or mixed
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with sand and gravel in the cleared zone; othar than this there is ngthing else to report on the W
side of tha buiding.

1:50 PM - After ratracing my steps | walked along the E walt of the building noting again tha
probable acceas road. The first significant find on the E side of the building is the soot that stains
ha cinder block above 8 ssction of six consecutive windows. Thesa windows bagin about 100 fi.
from tha NE comer of the tuliding and axisnd down another 50 ft. from thers. The windows are
missing and a briaf Inok inside indicates a significant fire (which from oulide seems confined 1o
one room inside). There |s a gaping hola (about 4 x 7 ft.} visibia in the partially collapsad roof as
woll_ At the S end of these six windows is an exterior pipe orly a coupla of inches from the wall
ummmllynmzﬁ.muwm-thisiuapipuundtnruﬂlunuilfunnanu
probably underground here. Aigo, about 100 R. from the SE comer of the factory is a stone wall
{that has largely collapaad into a pile of siones) beginning about 10 f. from the edge of the gravei
access road along the side of tha building and running to the E ancther 250 ft. The wall is broken
in two spots for about 15 ft. dividing the wal into thres roughly equal sactions. There are no
nbviuuamnqumetnﬁun.Ididﬂndannidruﬂedlirerimalmnmamﬂandabwt150ﬂ.nut
found several concrate foatings but the brush and the poison ivy were 30 bad | turned back to
concentrate the rest of my tima on the intericr of the building.

2:35 PM - Excapt in three instances the interior af the building is largely yrremarkable. |
inspacted avery room shown on the floor map and, without the sxcaptions noted beiow, sach
room was emply and dean excapt for dust and some soot eapacially cioser to the fire. By empty |
mean wails, floor, and ceiling + no flumiture, no benches, no fixtures; whore there had been sinks,
drains, eic. all that remained were pipes jutting from tha concrete floor that were capped off.
Othurpipuﬁxtmdmmwtmmmdommatmldnmb-vmuuptmm
fact that all of the dropped cailings hac been removed. The room with the fire has bean marked
with a * on the map. Thera is a charrad hole in the roof but the room itseif, excapt for stains of
smoke and chamming has been ceaned like the others and all debris from tha fire as well as
furniture, fictures, eic.. has been removad. Thare is a considerable pile of leaves, twigs, and
decaying organic matier beneath the hoie in the roof as well as standing water on tha floor. The
rooem itseif appears to have been the boiler and utility room. | sea na avidances of gas lines. There
is na obvious oll siorage tank so thera must ba a UST here. Tha sacond item, marked on the floor
plan with an X" in & very small room, is a capped well with & concrete pier, 3 capped pipe, rusty
vaives, an oid wall pump, and tha faded words painted on the concrete wall "main water feed”,
claarly the tank on the roof is 8 water tank. The third items (marked on the map with a small
trisngla) are tha triangular "danger radioactive malterials” signs on two dours in tha main hallway.
Both of thess doors lead into similar empty rooms containing several smaller rooms each with the
same “danger radioactive malariala® signs on the doors. Again, excent for overnead pipes and
capped pipes coming up through the concrate floor, averything has been removed from thass
rooms including the dropped ceilings.

3:15 PM - Exiling the factory entrancs to the Seif-Lume property after locking the gates - tuming
right on Erratic Avenue. About 300 ft. dawn on tha W sicde of Erratic is the end of the Self-Luma
prupwtywnmmudw'nlinkfmmm-nhnty-dngrummtnﬂuw.mmsnidunfme
Seif-Lume property is 8 weli-groomed vineyand operation clearly demarcated from tha Seif-Lume
propecty by the chain link fence and the densa wild vegetation behind it to tha N. On the left (E
side of Erratic Ave.) ara four homes (at 90, 92, 54, and 96 Erratic Avenua); thay are all the same
iayout {two-story wood frame with paved driveways and detached garages on [ots approx. 100 ft
% 1507 A.); thesa ware probably ali buiit at the same time. 96 Erratic Ave. is 4t the NE comer of
tha intersection of Ematic Ave. and Pitch Pine Lane. Diractly acroas from the driveway of ¥2 is a
mnmaugunmduyapuam-dmmm.manmmmmmmmmmwu;m
vinayards proparty exisnds on the W side of Erratic Ave. for about 500 f1. N of tha Ermatic-Pitch
Pine intarsaction right up ta the S boundary of the Seif-Lume site.

3:20 PM -Tuming rignt {E) on Pitch Pina Lana - thara is another dit road and padiocked matal
gate about 200 it down on the N side of Pitch Pine; another 400 ft. down thers is the paved
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sntrance to the Roche Moutlonnes Vineyards (47 Pitch Pine Lane). The entrance road laads 1o
the winery, a lange, two-story brick buiding (=200 ft. long x 100 ft. wide) surroundad by asphait on
ail sides: there is ancther =150 long maintsnance/squipmaeant shad to the E of the main building;
there is 3 shop and sales office - tours and wine tastgs ane by appointment. In the main offics |
liarally ran into the ownar, Tom Verde, very friendly, mid-fifties, a hands-on person — he said
that the vineyards are fifty years old next year for which he is planning soma big
colebrations/promations. More significantly, thawe are two brck sheds, one i the E and one to
the W of the main bullding, bath with gipas and hosas and irigation equipmant attached and
nairDy. These are probalily both active wells.

3:35 PM - Exiting the vineyard and tuming right (W) on Piteh Pine Lane - sbout 300 fi. dewn: on
the N side of the road is another dirt road into the vineyard with a closed metal gate. Anather 250
ft. past this dirt road is Pleistocens Court. an antrance to Eollan Acres, 8 devsiopment of 24
private hamas. Each of these home is 3plit lavel with interior garage. Pleistocena Court is a U™
with the othar end of the “U" mesting Pitch Pine Lane about 200 ft. down from the other snirance.
On the E side of one arm of the "U” are 10 homes, 5 on one side and 5 on the other exactly
oppoaite sach other and exactly alike (#'s 2,6,10,14, 1Bonthe sast £ 3,7, 11, 15, & 18 on the
wust); the same situation is & be found on the W am of the * & °U° {#s 38.42,48 50,54 on the
oast & 39,43.47,51,55 on the wast); four homeas are icatied in the top of the "UF (#s 37.56.21, &
20) with #'s 57 & 20 {locatad in tha W & E comers of the “U*) being much larger homas. The
property line of thesa last four homes is next to a portion of the Wadging Nursery that can be
ssen thrmough the backyards of these homes.

3:50 PM - Exiting Eolian Acres and tuming right (W) on Pitch Pine Lane - about 500 it on tha N
side of the road is Scrub Qak Sirwet, 2 paved road leading o Township Wedll #4 (as it says on the
door), which is housed in a 40 . x 40 ft. brick building with a sign reading "Township of Moraine,
Division of Water Supply”. Surrounding Scrub Oak Street and the building is sandy soil and scrub
oak and pine vegetation. Qut behind the building is a cleared path through tha vegetation about
20 ft. wide axtending uphill (and with my binoculars) all the way (o the water tower (previously
mantoned).

4:10 PM — Laaving Scrub Oak Sirset and tuming right onto Pilch Fine Lane. The land on the
other (S) side of Pitch Pine Lane (from Erratic Ave.) all the way back 1o Rt. 66E (Bouider
Soulavard) is undeveloped Drumiin State land; the only remarkable feature here is the change in
vegetation about midway aiong this atratch from dense deciducus growth (much like that around
tha Sai-Lume sita to scruby sak and ping like that around the Township Waell. At this point | have
compiated the loop apund tha roads circling the Seif-Lume Site.
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APPENDIX D
Sampis Interview Questions

Plaasa stata your names and year in school and major and which lab you are in and who
your lab instructor is

Tall me a litthe bit about your background, why you choss to come to Bamard?

Do you have caresr goals yat? Know what you want to be when you grow up?

What made you choose env 8Gi aver other scienca options?

If you ware going o teif someona the 1 or 2 of 3 most important things about anv 54,
what you would you say thoss things would ba?

Can you give ma any examplas af current issues related (o the anvironment — maybe in
the news or that you've heard about from someona #ise - that bother you'?

Can you give any axamplex of how environmental issues are connecied ta your life
oxpaviance, aithar growing up, of in your family — aither now or in the past?

Going 10 take More sCence courses?

Would you describe yourtslf az a scientific person?

Could you define scientific thinking for me?

What kind of a person is a scientist? What traits come to mind?

I'm going to nsad off some traits — tall me if you think you would characisrize yourssif as
any of the following: Problem soiver? Mathodical? Persistent? Curious? Mathematical ?
Analytical? A planner? Thoughtful? Jump {0 Conclusions? Cautious? Optimistic?
Skeptical? A thinker?

How did lab go thisx woek/last weak?

Lab partnar ok?

Other studants in the lab?

Lab instructor?

Have you had other lab science courses? How have thoss been in comparison?

What are your expectations about BFA7?

What do you nink the goal of the project is? Whal are you supposed to get from the
axperience?

Experigncs with simulations/gamas/computers?

Irnportance of simulations?

Do you think simulations can belp people [eam? How?

What neads to be prasent for a simuiation 10 work well?

Maps ars going to be an important part of the project. Do you like using maps? When
you're traveling around the city, do you utée maps?

How would you desciibe your study habits? How do you study for your classes?

What do you hope to get out of this course? Knowiedge on particuiar issues? Basides a
passing grade?

Do you have any general thoughts about your collage axparience 3o far that | should
know about?

What were your supectations about BFA?

What do you think the goal of the project wak? What woene you supposad to get from the
axpariencs? What did you actually end up getting?

Awargness: has your awareness of env issues changed due io thix coursa? How 507
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Going 1o take more science coursea? This course have anything to do with that? Looking
forward 10 semester 27

Woulkd you describa yourself as a scientific parson now?

Could you define scientific thinking for ma?

wWhat kind of a person is a sciantist? What traits coma to mind?

I'm going to read off xome traits — tell me if you think you would characterize yoursell as
any of the following: Problem solver? Methodical? Persistant? Curious? Mathamatical’?
Anglyticai? A planner? Thoughtful? Jump 1o Conclusions? Cautious? Optimistic?
Sheptical? A thinker?

Comment about tha value of simulations/games/computers basad on this axperience?
Do you think simulations can help paaphs laam? How?

What neads to be present for a simulation o work well?

Comment on the value of mapmaking and using maps for analysis

What is the signature message/theme from brownfield action? Fram the course?

i you wera gaing to tall someone the 2 or 3 most important things about any xci, what
you would you say those things wouid be?

Has this course impactad the way you study in general of the way you go thn your day-
io-day activities?
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Brownfleld 2.1 Instruction Manual

First-Time Users: This manual can serve as a walk-through tour of the software so {ezl
free to follow along on your computer while reading this guide. By the end, you will be
completely oriented to ail aspects of the Brownficld Action software.

Returning Users: Use the Table of Contents below to find the section(s) you need to
refer to.

Table of Contents
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Installation 3
Beginning Brownfield Action: How to Logln 4
Introductory Movie 5
Contract atd Company Name/Password Crestion 6
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Documents 8
Basic Navigation 910
History 11
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Visits 12-13
Municipal Government 14
Documents and Other Helpful Screens 15
Teating 16
Test Certiflcation 16
Practicing with Testing Tools 17
Performing Tests 18
Zooming and Other Map Features 19-20
Account 21
News 21
Reference 22

Troubleshooting Common Froblems 23
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Intreduction

Welcome to Brownfield Action 2.1' You and a partner are about to énter a simulated town
where you will play the role of an environmental site investigation company. Your job
will be to investigate a potentially contaminated land site in the fictional township of
Moraine and report in detail on what you find (if anything) to a real estate developer.

Installation: How to install Brownfield on your computer

System Requircmeuats: 64MB RAM; 200 MB free space on your hard drive
Windows 9%, 98, ME, 2000, or Mac OS5 9

Installing Brownfield Action 2.1 using the cd rom

Windows Users:

l. Place the cd rom Brownficld Action 2.1 in your computer. Open My Computer.
Open the drive with the cd rom icon labeled Brownfield. Open the folder on the
cd rom labeled BFWindows.

2. Brownfield Action requires Quicktime 4.0 or higher. If you have Quickiime,
proceed to step 3. If you do not have Quicktime, doubleclick on the Quicktime
Installer in the BFWindows folder and follow the on-screen instructions.

3. To install Brownfield Action, doubleclick on the bfinstallwin.exe file in the
BFWindows folder and follow the on-screen Instructions.

4. Once installation is complete, to login, doubleclick on the shortcut Brownfield
Action on your deskiop, then type in your Company Name and Password.

Mac Users:

1. Place the ¢d rom Brownfield Action 2.1 in your computer. Open the cd rom icon
on your desktop labeled Brownfield. Open the folder on the cd rom labeled
BFMac.

2. Brownfield Action requires Quicktime 4.0 or higher. If you have Quicktime,
proceed to step 3. If you do not have Quicktime, doubleclick on the Quicktime
Installer in the BFMag¢ folder and foilow the on-screen instructions.

3. To install Brownficld Action, doubleclick on the bfinstallmac file in the BFMac
folder and foilow the on-screen instructions.

4. Once installation is complete, to login, doubleclick on the alias Brownfield Action
on your desktop, then type in your Company Name and Password.

Important Note: Once instatlation is complete, you no longer need the cd rom 1o play
Brownfield Action. The compiete program will be stored on your computet.

Installing using the Web Download

Windows and Mac Users:

Visit the Web Resources section of your course website:
httpewww.columbid.edwjte/bamard. envseibe lOG T

Click on the link to Downfoad Brownfield Action Software and follow the instructions.
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Beginning Brownfield Action: How to Login

To begin, make sure your computer is connected to the Internet with a fast connection (do
not attémpt (o use with a modem). Doubleclick on the icon Srownfield Action on your
desktop or select the shortcut in the Start Menu under Programs (Windows users oaly).

If you've deleted or can’t find the shortcuts or alias, open the Brownfield Action folder in
your Program Files folder and doubleclick on the brownfield.exe file (Mac users should
find and click on a file called brownfield in the Brownfield Action folder in the
Applications folder.

If you've already been playing Brownfield Action you will need to enter in a name and
password as shown below, and then you will be able to continue from where you last left
off. 1fthis is your first time playing, you will create your company’s name and password
shortly.
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For now, new users should begin by entering the authorization code you have heen given
by your instructor intto the Authorization Code field near the bottom of the screen. Then
click on the enter button. You will s¢¢ a list of supplies you need. Check those over.
Then click next to see a clip of a television show that will give you a sense of the
problem you will need to solve.



Intreductory Movie

- e T Ce .
T i, T uoa} * " '."’
' Al - s
i ., :r-... ,
. [ - o= o1 T

' rl

To play the show, click the triangle-shaped play button in the lower left portion of the
maovie screen. You can pause the show by clicking the play button again (it will change
to a paus¢ symbol after you hit play). You can also scroll back and forth through the
show by sliding the bar along the bottom of the movie. When you are done, click aext to
move on o the contract.

Use the Volume control as necessary to adjust the audio. 1f you are having trouble with
the audio, check your computer’s volume control.
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Contract

The contract is an agreement between you and the real estate developer you saw in the
television show. Read it carefully as it outlines ¢xactly what your company will need
1o do 1o complete your investigation.
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When you have finished reading, enter your names in under the signarures on the bottom
right and enter a name for your company name that you will use to login with from now
on. Think carefully abont your company name — keep it simple so it casy for you
and your partner to remember and type in. When you are done, click on sign contraet

in the upper nght.

Next, you will need to enter in a password as well as your school email addresses in the
boxes below. 'Write down yowr company hame and password, as you will oeed them
to login next ime you want to play. Names and passwords are case-sensitive.
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When you are done, ciick mext.



Visual Reconnaissance

Upon entening Brownfieid Action for the first time, you'll be taken on a tour of the Sie
Map. This tour is called the Visual Reconnaissance and it will cost your company $100.
Visual Reconnaissance gives you a chance to leamn a wealth of information about the site
you must investigate as your assistant drives around and reports about the arcas
surrounding and mcluding the Self-Lume factory site. Take your time in this section to
find out clues that will lead you towards a successful investigation. Take Noses!

scrofbar towr cantrols

To navigate through the Visual Reconnaissance use the next and prey tour control
buttons on the bottom right portion of the screen. Read the information listed in the info
box for each spot carefully. Sometimes the information will exceed what can be shown
on the sereen. Use the scrolibar to the right of the text to control the text window.

When the Visual Reconnaiszance ends, select Documents from the History Menu.
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Documents

The Documents section is where you can view the initial packet of documents that have
been provided for you. Some documents will contain useful information for your
investigation while others are records of documents you've already seen, such as the
Contract and the Visual Reconnaissance report.

SELF-LUME, INC.
Inughuni Tha World.

page controle
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To see a list of your current documents, use the menu in the upper right. To view a
document, select from the menu. Some documents have more than one page. To move
through the pages. use the page controls on the bottom of the sereen.

At this point, there is no further direction from the software about what to do next, but it
is suggested that when you are done reviewing the Documents, click on the Site
averview button in the history menn 5o you can explore the basic navigation.



Basic Navigation

Once the Visual Reconnaissance is complete and you are placed on the Documenits
screen, it is up to you to begin your investigation by clicking on Slte overview within the
History menu, Once you do, you will see the following sereen:

There will be no direction from the software about what to do next. It is up to you to
choose which areas to explere and what 10ols to use with this interface. The next page
describes the basic navigation features for exploring Brownfield.



Basic Navigation (cont.)

Brownfield Action 2.1 has a main menu that runs along the laft edge of the screen. The
main sections are listed by the tabs Account, History, Testing, News, and Reference.
The X is to Quit the program. You can also Quit at any time by pressing CRTL Q or
ESC (Windows Users) or Apple-Q or ESC (Mac). The 2 is to go to the online help.

LilmMFrsRT
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You have several tools at your disposal within these sections and 560,000 in your budget
to start off with. Your current balance is always shown in the upper left comer of the
screen. What follows is an explanation of each of the main sections.



History

The most important tool your company has is the Site Map. The Site Map appears in
both the History Tab and the Testing Tab. When you are in the History section, as your
mouse rolls over the map, you will notice that ¢certain areas of the map will highlight.
Clicking down on a highlighted arca will provide you with information about that
location and an opportunity to visit there. In the above below, the Wedging Nursery has
been highlighted.
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Plotting XY Coordinates

The xv buttan will provide you with an enlarged map of each location with the coordinate
points you need to plot it on your own map.

Wedging Nursery
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Plotting XY Coordinates (cont.)

Below is a portion of the coordinate point map for the nursery. To see the rest of the
map, click down on the map and drag your mouse to slide the map in any direction.

Note also that as you move your cursor around the regular Site Map, the coordinates on
the top of the screen will change to show the cursor’s current position. This feature may
also help in the plotting your own map.

Visits

The visit button will take you to the location you’ve clicked and provide you with an
opportunity to talk to a person at that location. Each visit costs your company $25. 1f
you decide you don’t want to do a visit, you can click done to reactivate the map and you
will not be charged. If you do want to visit, click visit. You will see your balance in the
upper left portion of the screen decrease by $25.

Wedging Nursery




Visits (cont.)

While on a visit, some questions are provided for you. Simply click on a question, then
zelect ask and the character at that iocation will provide you with an answer. Each
question costs your company only $1, so ask lots of questions.
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options menu

You can also type in yout own questions by selecting Ask Your Own Question in the
options menu, but these questions cost you $100, so think carefully before asking your
OWN question. Answers to questions you write will arvive in your email. You can also
send your assistant on tasks for $100. You do this by sclecting Send Assistant in the
options menu. Be sure to provide clear insiructions. Your assistant will send you an
email with whatever he or she finds out (if anything).

Be aware that some locations don’t have a person available, 50 don't wasie money
going somewhere where no one is around. Also, Brownfield Action does not track the
questions your company has asked in the past, so take good niotes and/or print out the
responses you receive. Otherwise you may have to spend money asking characters the
same question twice. When your visit is complete, click on end visit.
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Municipal Government

Some locations that you will need to visit are not located on the map. [nstead, they can
be found by clicking on the saani gove button near the top right of the screen.

A direciory of the municipal govemment complex will be presented to you, where you
can select an office or department. Just as with the locations on the map, when you sclect
a location you will see a description of that office or department and you will be given an
opportunity ko visit and ask questions.

mund directory close muni

]
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When you have completed your muni visit, select end visit. To visit another muni
location, click donme, then click on another location in the directory. To go back to the
site map, click ¢lose. You must choose end visit before you can close the muni
government window.
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Documents and Other Helpful Screens

Sometimes when you ask a question, you will ceive a document. A list of your current
documents can be found by ¢licking on “Documents™ in the history menu. Be sureto
check there early on as your company starns out with a few useful documents. To see a
list of your current documents, use the menu in the upper right. To view a document,
select from the menu. Some documents have more than one page. To move through the
pages, use the page controis on the bottom of the screen.

menu of current docum
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Also in the history menu, you can also sclect Questions to see a list of the preset
questions that you can ask at each location. In the same arca is Lo¢ations, which helps
you find locations on the map. You can also redo the Visual Reconnaissagce by
selecting it from the history menu.




211

Testing

In the Testing section, you will see a test menu with a set of environmental testing tools
an the bottom left portion of the screen. Clicking on a test will give you a description of
the tool and an opportunity to use it on the map.

Test Certification

Before using a test, you should become certified to use the tool. Using the tool at the
inappropriate time or using it incorrectly could cost your company a lot of money, so read
the reference material and pass the certification exam before using a toal on the map.

Certification involves answering a set of multiple choice and true/false questions about
each test. You will have to visit the Brownfield Action Reference website in order to
learn about each test and to take the associated exam. The URL. is:

hitp:/Awww.columbia.edu/itc/barnard/envscilbe 1001 /bfaref/
Note that there is a Reference button in the Testing section that will display a link to the

Reference website if you click it or you can visit the course website and go to the Web
Resources section, wheye you will find the link as well.
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Practicing with Testing Tools

After you have been certified ta use a test, take advantage of the Practice Map to
practice using the test before you use it in your investigation. Follow the instructions for
¢ach test o learn how 1o use it. The practice area gives you a chance 1o use the test
without being charged, so take advantage of the opportuttity and perform as many tests as
you want, Pay attention 1o the cost structure for cach test, as each of them are different.
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which you can use to note down data you've collected.
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Performing Tests

Once you are done practicing and you ar¢ ready to use a test on the Site Map, click on the
testing button. The map will change but the test will work just as it did in the pracuce
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important Note: Each time you performn a test, a small test marker will placed on the
map where the test ook place.
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You can click on this marker to recall the test data screen from that point. To avqid.
cluttering up the map, only the markers for the test you currently have selected will be
shown at the map at one time. To sec the markers for a different test, select the test from

the Testing Menu.
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Zooming and Other Map Features

To help you perform cach test there are a few more tools to use on the Site Map. By using
the magnifler in the upper right you can zoom in on the map. To activate the magnifler,
¢lick on it, then click on the map where you want to zoom in. Ta zoom out, click on the

magnifler again.

Navigate the zoomed in map by choosing the hand tool. After clicking the band tool,
vou can click down anywhere on the Site Map and slide it in any direction by moving the
mouse. The pink indicator box in the navigator map that pops up will indicate the
portion of the large Site Map that is in view.

If necessary, you can hide the navigator map by clicking on the pavigator button. To
reopen the navigator, hit the button again under the legend button.

When you are done with the hamd, click on the arrow or zoom out using the magnifier
to resume With normal mouse functionalicy.
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You can also use the filter menu to change the appearance of the map. Click the fliter
button near the top of the screen, then choose the filter you wish to apply 1o the map. In
this image, the Strect Name filter is being selected.

The map also has a legend that you can pop infout by clicking on the legend button on
the right edge of the screen.
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Account

The Accoumt simply shcw. a listing of all the transaction your company has performed
during your investigation. [t serves as you checkbook $0 you can monitor your spending.

News

News displays news clippings from the Moraine newspaper that may be helpful to your
investigation. Take some time to read those over as they may provide clues as to whom
you should talk to in the town and whar you should ask them about. The clippings will

change from time to time, so check back often to see if new news is available.




217

Reference Tab

The Reference Tab contains weblinks to the course website and the Brownfield Action
Reference website.
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Troubleshooting Common Problems

I can’t log in.

Make sure you are entering the correct name and password as when you filled out the
contract. Passwords are case-sensitive. Then make sure your Internet connection is
working. To test this, ry accessing a website. If the probiem persists, try restarting your
computer or use a different machine.

I am gevting SCRIPT ERROR. CONTINUE?

If SCRIPT ERROR occurs, click YES on the error message box and you should be able
to continue normally. You may have to click YES more than once. If the problem
persists, try logging out and logging back in and/or restarting your computer. Report the
problem to your instructor and be sure (o include where in Brownfield ermor took place.

Graphics appear choppy or are missing, objecrs are moving slowly or the machine is
Jreezing.

Most likely the machine memory is low. To remedy this, close any other open
applications (such as your Internet browser). If the problem persisis. logout, restart the
computer, then try again. If the problem still persists, use another machine with more
memory and report the problem to your instructor.

The program won 't show 1he movies and/or it is asking for Quicktime.

Quicktime is required for installation of Brownifield Action o take place, so most likely
you either have an old version or it has been installed incorrectly. Quit Brownfield and
visit hitpo‘www.apple.comrguickiime and download the most recent version of the free
player or insent your Brownfield Action 2./ ¢d rom, open the Windows or Mac foider
depending on your machine, and doubleclick on the Quicktime Installer.

I'm having trouble priniing.

Check your printer settings to ensure your printer is working normaily. As a test, try
printing a simple t¢xt dacument from your computer. If the printer is working normally,
then most likely your machine does not have enough memory to print. If this 15 the ¢ase,
then most likely you will have trouble printing the longer documents, Try closing any
other open applications and/or restarting your computer. If the problem persists, use
another machine with more memory to print and report the problem to your instructor.

The program guits by ltself or I'm getting eyror messages not listed above.
Logout and log back in and/or try restarting the computer. If the problem persists, write
down the error message and pass it on to your instructor.

Brownjleld takes over my entive screen and I don't know how to quit.
At any point, you can quit the program by pressing CRTL-Q or ESC (Windows) or
Apple-Q or ESC (Mac). If possible increase your screen resolution to 1024 x 768,

For more help, consult the Brownfield Online Help website:
htip://cenmitl columbia.cduwhrownfietd/help
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APPENDIX F
Wab Resources

Amtec (developers of Tecplot, three dimensional modeling software used to develop data mode)
hitp /e arnies.com

Bamard College's Introduction ta Envilonmental Science | Coursa Website
hitp:/iwww . columbia. edu/ilcbamard/envacibc 1 001/

Brownfiaid Action Reference Wabaite
hitp-/iwww.columbia.edu/ite/barnard/envscilbe 1001 /blaref/

Brownfield Action Downioad Site
hetp://ccnmil.columbia.adu/projacta/brownfisid/downioad

Brownfisld Action Halp Websits
hiip:/feenml.columbia.edu/projects/brawnfieldhelp

Columbia Center for New Media Teaching & Leaming
nitp:/eenmitl.columbia.sdw

Goiden Software (devalopers of Surfer, the application used to daveiop the data model)
htip/iwvww. goldensoftware. com/

Macromedia (deveiopers of Director, the programming appiication used in Brownfield Action)
hitp//www.macromedia.com



