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ABSTRACT

Roughly 20 years ago experimentation began in the use of System Dynamics in K-12 Education. In
thelast tenyears, a number axperimental projects have clearly demoatsd that theuse of
System Dynamics cdrave adramatic impact orthe depth ofearning by K-12 studentsThis

early developmental stage of K-12 usdges pointed to the nexdteps. For System Dynamics to
have awide-spread impact on K-12 learning, increasedcherand community exposure to the
concepts, large scale development of appropriate curriculum materials, and increased support for
bringing the materials into the schools are necessary. To this point, otilg some of the
“innovators” have been engaged ithe effort. Aplan for the development, testing, and
distribution of these materialsas been developed bygroup often of theseinnovators” who

met for two days in OctoberThis plan presents aimcremental approacliaking advantage of
leverage points within the existing curricula and educational practices, while cédlingcreased
involvement of the larger System Dynamics community.
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The idea ofbringing system dynamics concepts and tools tinoK-12 educational environment
probably has its origins with some tble workdone by Nancy Roberts roughly two decades ago.
Her early work provided an initial indication that it would pessible toteachsome systems
concepts to children in the late-elementary to middigool range.The development of STELLA
software by High Performance Systems provided a modeling tool far easier to use than DYNAMO.
This opened the possibility of dynamic modeling to teachers who ditkwestrongprogramming
backgrounds, and also suggested that such work might be possible for older K-12 students as well.

The ensuing yearsave seemxtensive work by aumber of smallocal prgects and dew larger
groups, most notably the Waters Foundation funded schoolthandational SciencEoundation
funded CC-STADUSand CC-SUSTAIN projects. All of these projectdhave had a mix of
successes and problems, yetaeshown hat theuse of systendynamics in theclassroom is a
viable way of helping students tcanalyze problems in greatedepth, developing a fuller
understanding of a situation that excludes simplistic answers. themiork theyhavepublished,
it is clear that the variousystems tools (Caushbops, Behavioover TimeGraphs, Stock-Flow
diagrams, and functional dynamic models) can be used at a variety of different levels.

In the earlystages okxperimentation, groupand individuals tended to stake quasitions based

on their own experiences, their owaccesses and difficulties. As a resihié communitydoing

this work was somewhat fractured, actually at times workingoatsepurposes. Witthe maturing

of our understanding ofhe use of systemdools, a much more reasonable arehlistic
understanding of the total picture is now broadly accepted. The value of each tool is now generally
accepted by all groups. Focus on on¢ht exclusion obthers ignoreshe power of each tool in
building better understanding of the systems.

This realizationhasbeen facilitated by theharing of insightswithin the broader K-12 systems
community. The idea that use of all these systems tools can help build student understanding is no
longer subject to dispute. Whave seemepeatedsuccesses. Ahe elementarjevel, teachers use
literature (e.g., “Rainbowrish”) to develop anunderstanding oBehavior Over TimeGraphs
(BOTG's). JanMons, among otherfias shownhat studentscan develop more complex ideas

from them, including delays. Some work at tieigel has alsdoeen donewith simple stock—flow
diagrams and fully functional dynamic models. Others have shown how tools can be used at higher
grades. Alan Ticotsky and Rob Quaden use casual loops, BOTGs, and stock flow diagrams in the
elementarygrades. Theyeven havestudents inthe upper elementaryand lower middle school

grades building basic modeléth some guidance. Middle school work at a numbdoaidtions,

most notably Catalina Foothills, Tubman alatkson Middle Schools iortland, Oregon, and in
several schools in Vermont and Massachusetts, has broadened to range from simpBO0g8 sof

to actual development of meld by students. High school students see models usardugtly

every discipline, and seven schools in the Pacific Northwest now have formal modeling classes.

The idea of teachingnd using systemdynamics inschoolswas met with initialskepticism by
some. How could concepts taught at the gradesa&t atMIT and Bergen be brought to a fourth
grade classroom? Theality thatthis can be achievellasbeenwell documented. The future of
this work must arguably be the next focus of the SD/education community. System Dyw#imics
never havethe impact onhuman culture thatdvocates claim itould have without its tools
becoming part oéverycitizen’s decision makingrocess. Itgower cannot be realized without
broad exposure.

The work on thause of systenadlynamics in education is in its infancy. The number of teachers
using system dynamics has grown from a handful fifteen years ago to perhaps 1000-2000. This is
an impressive increaskut the number ofystems users is still less than 0.05%albfeachers in

the UnitedStates. Most othese teachers atepisodic” users, thais, theyuse models oother



tools once ortwice ayear to explore specific topics.The “regular” users, thoseavho have
incorporated the use of systems more broadly in their teaching, probably number fewer than 200.

Advocates of the use of system dynamics in educhtwrealways counseled patience. They tend

to usethe metaphor of infection, whichas been frequently modeled anged in classes, to
describe their work. They point out thahetherdiscussinghe development of an infection in an
individual, or the spread of an infectious disease in a population, the infection is virtually invisible in
its early stages. Their numbers are so small that they appeavemoeffect. They can be easily
missed or ignored. Systems usage in K-12 educhebaves similarly, they believelhere are a

few system dynamics users now, but they gradually infect others, leading to the exponential growth
they love tomodel. Diseasesan be wiped out if thérst individuals infected are quarantined in
time to arrest the spread. But once the number infected is large enouglogiess othe disease

is hard to arrest. So, too, epe, thespread of systemsThe number olisers is todarge to be
wiped out. The spread imevitable. This scenaridias parallels ither educational innovations.

The use ofcomputer interfacing in secondaphysics isthe examplemost commonlyused.
Twenty years ago only a handful of physieachersised computeinterfacing to collect lab data.
Now, interfacing isused in most high school physics classes. Ehjgeriencegive hope to
systems advocates.

Jay Forrester asserts that makedecisions based on oorentalmodels. Supporting ounental
models, testingur understandingvith dynamic models, allows us tefine our mental models,
making better decisionpossible. Mostcommonly, however, weonly abandon arexisting,
comfortable mental model whetonfrontedwith a crisis, whenour mental modeland reality
conflict. Such asituationhasoccurred in the educationake of system dynamicsThere is an
obvious difference between the early, experimental workhtasibbeen done ifK-12 systemsawvork

and full use inlargenumbers of classrooms and schoolBhe groupsdoing the developmental

work have littleexperience in dissemination or wide-spread application. Theativework has

been impressive, their success at expandggyfarmore limited. This awareneskasbeen slowly
emergingfor the last twoyears. Further, some groupaverun out of resources to suppdineir

work. TheCC-STADUS/CC-SUSTAIN Projectare at the end of theMSF funding cycle.

Trinity College closed, placing the Waters Center in transition. These factors provided the impetus
for ameeting facilitated by the Creatiltearning Exchange in Octobe2000. The focus of the
meeting was aeassessment afhat wasnecessary to insurtie further growth of thaise of
System Dynamics in K-12 educatioithe intent was not to merelgok atthe short-term growth,

but, rather, establish a plan for the next 25 years, a plan that recognizes the magnitude of the change
in focus and effort required.
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A second look at the infection model and pig/sicsexperience is instructive in recognizing how
the vision must change. The infection models students use have three key componetdasethat
the systemsvision: Probability of Infectionper Contact, Number o€ontacts, and Fraction
Immune. The task facing those spreading the systems dynamics infectiarinsizing thesdirst
two factors and minimizing the last. How do we infeetvteachers? How can ve®nvince them
that use okystems tools willmprove theirinstruction and theistudents’learning? The obvious
answer is that we must expose the teacheusdoof systems amtemonstrate the effectiveness of
the tools and techniques. This presawts significant problems.The first involvesthe exposure.
For teachers to commit time and resourcessiog new materialandideas, the materialsiust be
readily accessible in a usalftam. A threehourworkshop, oreven athreeweek institute, is not
sufficient if there ardew materialsavailablefor immediateuse inthe classroom. Unfortunately,
that is currently the case. At no grddeel, in no contenairea, are well developedand tested
materials which can easily #xisting curricular topicawvailable. Thesingle exception may be in
high school mathematics, whdbéanaFisher has publisheahaterialfor algebra, pre-calculus, and
calculus. However, these materials are a starting point and have not yet been broadhetesgd
most commercial materials have been. We cannot equip teadgtrethe tools theyneed,because
they don't exist yet. Thus, the probability of “infection” is very low.

Teachers may be broken into four broad groups:

* Innovators In any educational change, the innovators generatirshéestmaterials,push
the limits of existing practice. These teachers are a fraction of one percentezctiiag
population. They are the people whavedonethe work inK-12 systems thus farThey
have a high probability of becoming infected with only a sigletact,but their highlevels
of openness andreativity mean thaihey are ofterovercommittedand unable tdecome
heavily involved in the spread of systems.

» Early Adopters Early adopters probabiypake up2-5% ofthe teachers. These arsk-
takers who will trynew ideas, grhapseven adapt them to their owmnique situation.
However, they must be given something to work with. At time, the quantity and quality
of materials in K-12 System Dynamics is insufficient to provide tiagtim what theyneed.
Their probability of infection from a singleontact is high, but the poem of
overcommittment is similar to tHenovators

» Average Teachers The average teacherillwonly begin touse new ideas andmaterials
when theyhave been more broadlpccepted. They are not risk-takers, buit whange
willingly if shown abetter,more effective way. Theyhowever,need materials more fully
developed than the earBdapters. Using the infection metaphor, their probability of
infection changes abe size of the infected population (Numlnsing system dynaics)
increases. Similarly, the probability of infection per contact will increase as well.

» Resisters They will avoid change at all cost. The are the percent immuBeimecan be
converted, but only very slowly. They may reluctantly join when the “innovatioesdme
the norm. Their probability of infection remaiwsry low until the number infected is very
large. Multiple contacts will also probably be necessary.

The question ofwvhether or not theystemstechniques and materialassuming they exist) are
effective, that is, improvetudent understanding, remains key to bringing bla¢hearlyadopters
and the average teacher into the systems “camp”. This datbetsion to assessment, a togbiat
the K-12 communityhasrepeatedly consideredjith littte concrete action. At thigoint, only the
Waters Foundation pjects are making angttempt to coduct usable assessmenihey are
forming “Action ResearchGroups” totry to obtain harddata about theise and success of
systems materials and concepts. All previous assessment has been an¥etlet@inthe Waters
effort may not be convincing to tffenconverted”. To present a persuasiasefor the efficacy
of system dynamics ii-12 education,outside assessorsnust be brought in andllowed to
develop the assessment. The expertise mudidagght”, asone participant in theneeting put it.
Assessment must be accorded a priority nearly as high as the development of materials



This simplere-visiting of the infection modgboints outthe assumption that usage of system
dynamics will simply continue to grow is an over-simplification of the real situatiBnobability

of infection per contact” and requirement for susceptibility are diffdoendifferentgroups. The

Early Adoptersare very reeptive. A singleexposure through a presentation &aal or regional
conference may well be enough to motivate them teysgems irtheir classes. Average teachers

may need multipleand longer exposures cdeg with a level of acceptance in théroader
educational community. Just as our studentgarn to lookfor the over-simplifications and
inaccuracies of models they use in our classes, we need to revisit our own mental models to see how
they can lead us to incorrect conclusions.

The growth of computer interfacing physics as a staphorfor the growth ofsystem dynamics

use presentsimilar pitfalls. Theuse of computers in physiedowed students to do something

they were already doing in a better, faster, more effectiveaerutate way. It was an improvement

in technique, not a major change in content and delivery. The use of systems, in contrast, is a major
step away from traditional methodology and intent. It is not a simjidgical extension or
improvement in technique. To the contrary, it is a majuft in emphasis. Proponentsll

maintain that it is merely an improvement in instructional technaqne tools, but théask of
convincing teachers to use systems dynamics is far more difficulctmumcingphysicsteachers

to use computers.

The optimistic and simplistic assumptions about the future growki i systems uspresented

the groupthat met in Octber with a new, daunting, yet stimulating probleriVhere did wewant

system dynamics to go in education? Revising our model of how systems use would grow required
a new plan, a neWwvision”. What must be donewow? How could we start theprocess.
Recognizing that further exploration of what can be done will changasiba, how can wénsure

a structure that will continuously change the plan? The response to these questions, the focus of the
remainder of this paper, must be taken as a work in progress. In large measure what is suggested is
speculative. A small conferenceijth fifteen to twenty participantstentatively including Jay
Forrester, George Richardson, BaRichmond, Lees Stuntand some ofthe most active and
influential educators working isystemdynamics, is plannetbr late June torefine the general

outline presented here. It will be the first step in a multi-year effort to ex@gubsure and use of
systems tools on a larger scale than previously attempted, to move from the experinenhtion
wide—spread use of systems in education. A major component of this effort will be the inclusion of
groups that have previously not been involved in the effort, with the final goal the establishment of a
stable, longdrm organization dedicated tevelopmentand dissemination oK-12 system
materials.

WHY NOW?

Before attempting to delineate how we propose to expand the use of system dynachicston,

a clearer identification of what the vision asd whythis is the appropriatdime to pursue it is
reasonable. The vision itsdélsbeen articulated by many people in many ways. The common
thread is easily identified.

* We assumehiituse of systems concepts and tools isteetbeay of analying problems
and arriving at policies to deal with the problems.

* We further assumthat everyone can leaand usebasicsystemsconcepts, including the
ability to run models and evaluate their output.

* The goal of education must be preparstgdents fortheir role as intelligent citizens.
System dynamics tools and concepts prepare stuttanthis role by developingcritical
thinking skills.

» Understanding developed through use of systems tools and conceptsfisrable, that is,
behavior patterns presented in one discipline will be recognized and applied in other fields.



* The understanding developed using systems tools and concepts is inherently “theeper”
the results of traditional instructional methodology.

* To adequately prepastudents fotheir role as intelligentitizens,systems corepts must
be an integral part df-12 educabn. Lacking this backgrounaur studentsvould be as
handicapped for the future as an illiterate is in our current society.

The goalthen, is toequip all studentswith the critical thinking skills that system dynamics
develops. They will be able to look at problems imagy that will exclude thgoossibility of simple
answers for conmpx problems. They wilunderstand patterns of growth anteraction thatwill
allow them to make better informed decisions. As individuals and citizens, ihbg wqupped to
analyze and understand rather than react.

These outcomes require a major change imiginstruction isdelivered inour schools. System
dynamics, rather than being an episodic “plug—in”, would have to be ubiquitthes @urriculum.
Studentswould use it as a leaing tool or thinking strategy from earlyears on, across the
curriculum.

This particulaimoment in time is &specially advantageous odering which to act. There is a
significant body of experience and expertise developed in the use of systems in education. Though
there is still much to be done, we dave abroad understanding efhatworks. Some of those
involved in this effort are now faced with a decision whether to continparsuework in the field

or turn/return to other disciplines. Thatical mass ofexperienced practitioners thekists now
may actuallydiminish in the nexfew years if theyare notinvolved in newefforts. EXxisting
funding sourcesare unlikely togrow, and those resourcesannot realistically be expected to
provide theresources necessary for an expansiowark. Thus,while the human resources are
available, a new effort to obtain support must be maddide work to go on to the nexével. At

the same time, public interest in educational improvement is high and on the rise. This shajgests
this is an extraordinarihgood time to seek support for aexpanded effort to bring system
dynamics to K-12 education. Now is the time to begin the journey that will prota&ielyas much

as fifty years or more, so revolutionary is the change!

EXTENDING THE VISION

There are three majoconsiderations in extendinthe use of systemdynamics inschools.
Increasing visibility of the work and recruitimgew users,development of materialand enlistment
of local support groups will all be necessary beforeusge of systemsan trulyevolve ashe core
of the educationasystem. Of theséhree, pdnapsthe most important isthe development of
materialsdesigned for use imonjunctionwith existing curriculum topics. Withoutaterials,
exposure to the ideasill not result in adoption. Withoutiable materialsthere is little chance of
mustering support for chang&herefore, development of materialsist be a major consideration
in the effort. Successful use of system dynamics on a large scale in any amedert increase
visibility and acceptance more quickly thaty other effort. If the contemtrea isone broadly
taught, but not usually employing technology, the impact will be still greater.

Very few appropriate materials exist at the current time. Bits and pieces have been put together by a
variety of people. Thé&0+ physics moels released by th€C-SUSTAIN grant show one
possible progression ofodel developmerdnd use, bulack curriculumsupportmaterials and an
instructor's manual. The materials recently developed by Jeff Potash and John Heinbokel focusing
on the role of smallpox from a biological and historjgatspective are peapsthe closest towvhat

will be needed. Thosmaterials, howeverassume a comfotevel with systems cocepts that is
extremely rare. They demonstrate the types of materials tha¢veatually beusedwhensystems

concept are broadly used, not the type of transition materials that will lead to more systems use.

It is clear that early in any effort tievelop materialsstandards must bdevelopedor whatgood
materials should look like. It is necessary that, as a preliminary to devetopiadals, ayroup of
successfukeacherausing systenmdynamics and System Dynamics professiomaé®t todefine



what quality materialsshould looklike. The inclusion ofSystem Dynamics professionals is
essential. None of the teachersusing systemdynamicshave any significant formal training.
Inclusion of professionals will insurdat any models, stock/flow maps, or causabps follow

good, standard system dynamics conventions. The guidelines developed will allow people to begin
work with a clear idea of what the“product” should looklike. This will insure an initial
uniformity in materials that, like the universaut” and “paste” commands introduced by the
Macintosh 17 years ago, will allow userstiove confidently from one set ahaterials to another.

This is particularly important because sachmonitoring of materialhiasbeen carried out in the

past. As a result, currentaterials are widely varying in quality, utilitgnd adherence tgood
systems practices. The continued use of some of these materials can actually threaten the growth of
systems. Every group, probaldyery individual whdhasreleased curriculum materials system
dynamics,has somenaterials that, in light obur current understanding, they wish would simply
“disappear”. A cleansing, a culling tiese materials woulprobably be a googdreliminary step

in the process of developing materials.

New curriculum packages must include studweaterials, tacher’sguides, models and other tools

as appropriate, troubleshooting instructions, sungigestions for extensions. Tieacher materials
must include illustrations of pitfalls and commonly made mistakes. The materials mmetibiar,

that is, in thecase of broadopics, theymust be broken down into small, free—standing pieces.
Experiencehasalready taught th&—12 systendynamics community that 6-weédédng unitswill

not easily fit into a curriculum. Two—to—four dagtivities faused on d@opic already taught can
and will be used if theyare of ahigh enough quality. A coherent set of thesaterials that
develops many topics covered in thndard curriculum of a conteatea will allow system
dynamics materials to gradually “infiltrate” the curriculum. Episodic use will blend into consistent
use.

Before the new materials can be developed, the sequence of system dynamics skillsagnesidbe
upon. Focus must not merely be on the sequence in which various systems skills and tools should
be developed. Inust be done ithe context of developmentally appropriate skills at each age.
Experimentation has been dowéh a variety oftools and skills aeach agdevel. Little attention
hasbeen paid to reconciling thesdforts with the research done iognitive development of
children and adolescents. The results of this research must be integtiatde system dynamics
sequence. This will increase the level of success achieved with any materials devieleyieably,

this will extend the time line for bringing systems into the coreduofcation, but it W enhance the
probability of success as well as increasingdteglitability of the effort. Theystemscommunity

has litle experience in this area. TN#aters Foundatioaction research groups are a beginning
which must be extended. Efforts must be made to enlist educators and educational resetirchers
experience in theses areas in defining the sequence.

Since the scale of the work anticipatbdarfs anything done to thint, more people need to be
involved inthe dialogue about the sequence of skili#h continuousre-evaluation as curriculum
materials are released and used. Byglatrs ago most people assumed significant modeling could
only be done by eleventh and twelfth graders. The modeling classes taught ischowlsbegan
recruiting freshmeriive yearsago, whosoonproved they could model quiteell. More recently,
some modeling has been done dowrhisixth graddevel. Similar downwardshifts havetaken
place for other systems tools. Larger scale implementation @fystem dynamics will require
continuous monitoring of this pattern.

Once these guidelineare developedpngoing support for wriculum writing must be provided.

One possibleapproach wouldnvolve two orthree week summersessions irwhich curriculum
materials were developed blgoth teachers and system dynanmpesfessionals. Thesmaterials

would then be distributed for testing the followiagademicyear. The following summer, the use

of the materials would be analyzed, with necessary modifications made. This would be followed by
a second year of testing, another summesvafuationand modification, andinally, release. This



two-year timeline from initial development to release is far diffefremb currentpractice, in which
materials developed last week are frequently being distributed by the end of the iMowter, if
the materials are to be taken seriously, theyst meet thestandards established hsaditional
publishers. This introduces a cost atelay thathas notpreviously been encountered, but is
necessary fomaterials tohave creditability. It is also necessary foadequate assessment, a
consideration that will be dealt with in greater detail later.

The delay implied by the two—year development cyetainds us thathe process suggestduere
will require the patience of a true believer in system dynamics. It is clear that a sigmiifijcactt in
even a single curricular area is at léast years off. To suggest ththe wholeprocessmnay take
twenty-five or more years is, if anything, an optimistic estimate. Rushawggver,can damage the
process. Innovation is alwaysisky. When donebadly, it can stnagle the changes before they
have achance toshow their potential. That is notonly a compelling argumerior caution and
patience, but further argumelalr review of existing system dynamiosaterials andvithdrawal of
some from use. Those infecteith a disease who recoveften retain immunity. Their presence
in the population increases tlgerall immunity of thesystem. Ineducationthosewho try an
innovation and are dissatisfied with it not only become immune to it, but end up actrertsrs”
for the immunity, which can spread like an infection itself. We cannot afford that.

At the secondary level, curriculum development should focus initially on single discipline materials.
These materials lend themselves to easy inclusion in exinges. This will speetthe initial
exposure of teachers and students to system dynamics. Theofiksthould be done icontent

areas where systems thinking can have the greatest impact. The nuistoelenfgaking courses

in the discipline should be a serious consideration, as should tise mfterials in more than one
course inthe content areaThis means that some areagh a lot of developmental work, like
physics, could be a lower priority than areasvinich relatively few materialeavebeendeveloped

to this point.

The two high school disciplineshich havethe most promiseare sociaktudies and biology. The
social studies curriculurhasevolved ovetthe last thirtyyears into aranalytic discipline inwhich
policies and their underlying causalitasreplaced docus onnames, dategnd events. It has a
strong preferencefor the why rather than the what. amic modelsallow exploration of the
“why” and the “what—if?”, further extending the depth of understanding thremparimentation.
Most topics in biology alstend themselves to modelimynd systems approaches. Modalew
both experimentation and extension of the concepts. From Ecolagjiuiar metabolism, biology
is replete with opportunities for modeling.

Both of these disciplines have a substafit@ly of modelglevelopedor them, but ndarge body

of coherent curriculum materials. These models provide a starting doewelopmentshould
simultaneously refine existing materialdile identifying other topicswvhich are appropriate for
treatment withsystems tools. It ismportant to utilizeall systemstools, not merely models in
developing these materials. Of course, many more maaelssystemsctivities coveringother

biology and social science content are needed to provide the range of materials, but at least there is a
body of work to examine and build on.

At the lower grades, where so much learning is inherently interdisciplinary, materials that are both
single—discipline and cross—curriculeain be developed in the eadyages. Perhapthe most
leverage in the priary gradesan be obtainethrough linkagedetween literatureand BOTGs.
However, contined workshows that Causal Loop diagrams awtnsome use of stock—flow
diagrams or simple functional modéiavetheir place here asell. Theupperelementarygrades

provide similar ranges of options, combined with increased depth of content. In the soiuulé

grades, moreause of singlediscipline models and associatedtivities will probably require
development of materials similar to those for secondary classes, but developmentally appropriate. It
is vital that, aghosematerials are developed, writdesep in mind that middlschool students are



not merely “short high school kids”. Their experiences, their emerging maturity, and their analysis
of problemsare verydifferent from older kids, aeality oftenignored inthe development of
teaching materials.

Wonderful, well documented materigdsomise to bringhe power ofsystem dynamicwithin the
reach ofevery teacheand student.That is, if theteachers learn about them and learn how to use
them. Thissuggestshat as materials are developed, a parglieivth in teacheexposure and
inservice trainingfor teachers is necessary. The bewsiterials and thenost effective training
materials will notmovethe vision forward without a majerew effort in “infecting”. Currently,
most people beconiavolved inthe use of systems in schools througgntact withthosealready
utilizing systems, othrough a workshop focusing on systems use. Efforts to expdagea
number of teachers beganth the NSF funded CC-STADUSand CC-SUSTAIN grants. No
other group attempted “infection” on this scale. To be effective, efforts must continue and grow in
scale. No matter howirulent the “infection”, itcan’t spreadvithout contact. Tdhis point, the
“number ofcontacts per infecteperson” hasbeen small. Before these of systemsan grow,
there must be a major change in this part of our infection model.

While the CC-SUSTAINprojecthasregularly presentedessions albocal, regional,and national
science and mathematics conferences, little similar work has been done byratips.  No group
hasaggressivelypursuedwhat is potentially thenost fertile soil, the Social Science community.
Major efforts must be made in this are8uccess stories must leentified and spread. Presence
at alltypes of K—12conferences must be a priority.ocal media coveragmust be pursued by
emphasizing thedevelopment of higher—ordered learning skiliscreasingly a priority and
educational “buzavord”. Teachers are not trained in sales, buist enlist thosevho can sell
systems. This will probably require assistance from local system dynamics professtonbés/e
multiple contacts with businesses and others who can increasgisiltiléy of system dynamics in
education. If'Field of Dreams”, wehear”If you build it, they will come.” Well, they can'’t
come if theydon’t know about it! Exposure ofthe general public agell asother teachers to
educational use of system dynamics is probably the greatest area of weakness in the existing K-12
movement. Itis the ongarea wherassistance frorthe broader system dynamigsactitioner and
“purchaser” (businessethat demonstrate a belief in theefulness of systemhynamics through
their use of consultants) communities are the only real hope.

One consideratiorwhich shouldease the recruitment of teachers will be increasedirapaved
assessment. Clear evidence that the use of system dynamics will improve student Idbbeng w
powerful attractant. That will require sething thathasneverbeen done before ithe K-12 SD
community — a seamless connection between development, use, and formal assessmerthatin part
hasneverbeen done becauske budgethasneverbeen therdor it. Additionally, there are no
individuals within the current K—12 systems community with significant expertise in assessment. |If
a large scale effort is to be made to develpgtem dynamics as amegral part of the educational
experience, théme, effort, energy,and financialresources must bdevoted to a comprehensive
assessment program which will convincingly validate what the enthusiasts dietiasig. \Without

the creditability assessment can provide, systemswexnterprogress beyonthe status of a fringe
player in education, regardless of how much exposure it gets.

Assuming that system dynamics becomes masibleiand the demanébr training increases, a
minimum of three levels of training will be needed. Two of these three levels already exist, although
not necessarily in the form they willtimately take. Thdasiclevel of training should be focused

on broad use of systemsnoepts and tools. Based dime experience of the varioggoups
involved in training, dull weekfor this program vl probably be required.Initially the training

would be intendedor the groupidentified as the earlgdopters. The teachers would get a basic
exposure to all of the basic tools of system dynamics, including building and running basic (one or
two stock) models. The focwsould not be on model building, but rather on causal relationships,
feedback, delay@nd interpretation oBOTGs. The current prograrmost similar to this training



would be the one—-wedessionsdeveloped byHeinbokel and PotashParticipants wouldeave

with a basic background in the language and concepts of systems and a basic abityntmdels.

As the use of systems grows, this type of training will be modified to fit what has been described as
the averageéeacher. The exaeimphasignay shift as systems use changedmost certainly the
training will not be“one size fitsall’. Therange of training modalitieshouldfit the range of
teachers and environments they work in. Some training mayade-level specificsomemay cut

across grade levels, as has been thewiisenuch ofHeinbokel'sand Potash’swork. Discipline

specific training as well as interdisciplinary training will probably beetbped. The magnitude of

the task andthe diversity ofneeds will result in many different approach Todbecessful as
introductory training, however, they must emphasize development and use of all the systems tools.

The intermediate level of training will focus on more detailed and sophistigs¢edftools, usually
emphasizing a single tool. The current summer institute by CC-SUSTAIN most closely
approximates this training. However, its focus on modeling and model building will not necessarily
be the focus of all training at this level. For system dynamigsoiw, there must be a much larger
body of teachers able to develop models, applications of other tools, and curriG@iaimteachers

will need thislevel of training. Current experienceuggests aninimum of 8-10 days for this
training. This greater time commitment will provide a self selegirmtess for those interested in
more serious pursuit of systems work. Most teachers will never need nor take this level of training.

Once again,there are likely to belternativepaths. Some trainingnay focus oncurriculum
development that can k#one without focusing on a single tool.The core concepts afystem
dynamics constantly remind us that simgéeisality, simple pgressions, simplsolutionsrarely
have anything to daith real-worldproblems. Changingducationone of themostconservative
and tradition-bound institutions, will require many different paths.

The experiences reported By groupscurrently workingwith teachers make it clear thatvial
element of all the training must be ongoing support and nurturing. The leaummgeed not be
steep, but it is certainly long. As more experience is gained in largeuseat#systems, as more
assessment is done, tbhederstanding othe learning and teachingrocess willimprove, but a
systems approach is a significant enough change to require a lengthy transition. This tralhsition
require continuousupport inthe form of workshops, discussion groups, and continuraising

and experimentation. This means that signifidamancial support must becommitted to the
process of bringing new users to a high level of comfort with the new tools. Such oimgioiimg

is thenorm in businesand industrywhere “refresher”coursesare part of the normal training
cycle. By contrast, educators seem to think one single half—day training does the job forever.

The final level oftraining anticipated involves more sophisticated instruction in dynamic modeling
and other system dynamics tools. Rigioiwv no programs beyondhe sophistication of the
CC-STADUS style training are readily accessible to teache®ich options must benade
available to provideghosewho wish to develop a morsophisticated understanding of system
dynamics thenecessary resources. While thésachers will remain aery small minority, if
system dynamics afly doesbecome widelyusedthe demandor suchtraining would dwarf the
capacity of all thesystem dynamics graduapeograms presenthavailable inthe world. More
importantly, these teachers would not benefit ftbmtypes of programs currently place. The
connectionwith the classroomwould have to be maintained at #éilines. This would require the
development ofnstructors for thidraining who can exist iboth worlds, that ofstandard system
dynamics applications and tike-12 classroom. Whethdéhese people comeom the ranks of
current and future system dynamics professional, or fitmenranks of teachers, theyand the
courses they will teach do not currently exist and must be developed.

To facilitate all levels of training, alternative methods of delivery must be explored. Batfatees
Center at Trinityfor System Dynamics anthe CC—SUSTAIN project have looked into the
possibilities of distance learniragtivities. This may ultimatelyevolve into a major methodology



for providing both basic aniitermediate training. In the interinreaswith anestablishedK-12
system dynamics presence will probably function as the training centers. It wikhlde involve
professional system dynamics practitionersthe operation of these trainingjtes and the
development of training materials émsurecompatibility with theexisting conventions of system
dynamics usage.

The vision articulated here suggests a major change in the way students are educated. It may trigger
major changes in thstructures of schools. tertainly will result in major changes what is

taught and how it is taughtSuch changesannot reasonably bachieved by the educational
community acting in isolation, much less a smsalbset of thatommunity. It caronly take place
throughthe establishment of connections and communication aralbrige stakeholdersall the
individuals and groups who will be affected by and berigditn the changes. The Society for
Organizational Learning has already been approached for assistance in applying its expertise to the
effort.  Connectionsbetween schools, universities, businessesand communities must be
established. In particular, businesses which use system dynamics must be involved as advocates for
application of system dynamics concepts in schools. Their own self—interest would argue that more
system dynamics in schools would provide the waiitth a more effectivework—force. Thisype

of mutualsupport anccommunication wouldhavebeen unthinkable a decade or two agWith

greater public concern about education and the increased visibility educational mafogained,

what happens in schooiacreasingly involves moréplayers”. Tomake system dynamics the
centerpiece of educational change will require more effort, more resourcesjnfhvaece, and

more involvement of those outsidbee traditional educational infrastructure than any previous
reform efforts. It also holds more promise for the future. The effort must be made.

It is clear that the effort will vary from environment to environment. Smsdleool systemslearly

have an adantagesand disadvantages in bringisgstem dynamics intechools. Small districts

can be more nimble and change moreckjyj but arealso moredirectly accountable to the
community. Whilethe bureaucratic inertia may be less, the community inertia can replace it in
resisting change. People care what happens to their kids, know what is happening, and talk about it.
Close attention is paid to the budget Wgcal taxpayers. In order teffect change in these
communities, all stakeholders must be brought alongaaedred thahe change is goodthing.
Resistance cannot be sidestepped. It mushdidiead on. District or building administrators are

key in thisenvironment. If theyhavethe trust ofthe community and staff, they cdnve change
forward at a rapid pace. Scheduling, fundimgfessionaldevelopmentreleasedime, and other
variables that can support or inhibit change are under their control. Similarly, community leaders as
advocates can play a major role in reforithe number of individualswolved, however, is small,

the task less daunting than in large districts. poesibility of community invelementleading to

a reinforcing loopdriving system dynamics forward ischoolscan become a reality in smaller
communities if &orts are coordinated and thdea is“sold” to the community by a concerted
effort.

Larger communities cannot hopeéffect the same changes as quickly as smaltes. Urban
districts areless sensitive to the actions dafidividual administrators and community members.
Nonetheless, thprocesghat works in smaller communitgchoolscan bebrought tothe larger
systems. Just asther reformsome toparts oflarge school systems through changegpant of

them, ranging from individual buildings to clusters of schools, system dynamics can be spread by a
few key teachers, administrators, or community membebsiilling at atime. This represents
another example of the infection model. In workith urbandistricts, we must find pockets of
support and cooperation, then support and connect them. Hatinise done, the sam&nforcing

loop more easily established in small communitias evolve. If the small districtanove more

quickly, they can be the guide, the example which will make the work in the larger districts easier.

Whatever the district size, the community profile, the task is the same. Tosyste dynamics a
key part ofeverystudent’seducational experience, teachers, administraam, system dynamics



professionals must make an unprecedented effatévelop publicawareness ansupport for the
use of systems. This commitment must not only involve time, but financial resources and influence.
If we truly believe in the potential, we must make the effort.
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