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ABSTRACT

In this paper we address the role of reflectivdlskn the development and training of
new System Dynamics modelers at the tertiary educétvel. Over the last two years
students at the Delft University of Technology hawetten a reflective essay on their
experiences with the conceptualization, formulatigalidation and use of a System
Dynamics model in addressing the fictitious, bulistic, problems of a public policy
maker. The degree to which they apply the cursefigctive training that they receive
and the effect of this intentional reflection onreithacquisition and application of
modeling skills is evaluated. While some studelasttempt to address the added value
of a modeling approach to their client and thelerm actualizing this, the majority of
students focus their attention on the strengths aeaknesses of their model and the
dilemmas they face in executing the modeling cycRy presenting the metaphor used in
teaching these reflective skills and analyzing theestionnaires completed by the
students, we are able to gain further insights raigg the views held by the aspirant
modelers of the choices they face in building asthg their models. This then feeds

back to improve our teaching.
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Introduction

The bachelor’'s program of the Faculty of Techno|dgglicy and Management was introduced in 2000 at

the Delft University of Technology in response tmanges in the Dutch higher education system. The



introduction of the program was accompanied by angk in the curriculum. The original four year
program was spit into a three year bachelors’ mnogand a two year masters’ program. The emphasis in
the bachelors’ program is on teaching students tmwnalyze complex socio-technical problems. The
program includes technical courses, courses owrypatid decision sciences and mathematical courbes.
first fully fledged modeling project which the semts’ undertake is the System Dynamics projeclyearl
their second year. This is then followed by otherdeling courses including discrete event modeling,
statistical modeling and several conceptual modetachniques. The keystone position of the System
Dynamics modeling project in the curriculum prowdihe basis for the decision taken late in 2005 to
provide a reflective training module in associatwith this project course. The effects of thisrtiag in
reflection related to modeling at such an earlystm the curriculum is designed to improve botéa th
modeling skills and the learning acquisition stgés of the students. The extent to which thid gomet

within the project course itself form the subjettras paper.

The System Dynamics modeling project is taught eding to the problem based learning approach of
Barrows (1985, 1992), following the instructionaingiples derived by Savery & Duffy (2001) based on
the constructivist values of Lebow (1993). Theseqiples are:

1. Anchor all learning activities to a larger taskpooblem
Support the learner in developing ownership fordwerall problem or task

Design an authentic task

M wn

Design the task and the learning environment tleeethe complexity of the environment they
should be able to function in at the end of therey

Give the learner ownership of the process use@veldp a solution

Design the learning environment to support andlehgé the learner’s thinking

Encourage testing ideas against alternative viewsadternative contexts
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Provide opportunity for and support reflection artbthe content learned and the learning process

The design of the problem based learning approacthé System Dynamics modeling project will be
described in terms of the task that students ageined to undertake, the character of the learning
environment in which they do this, including theppart offered to them, and the embedding of this
learning in a reflective activity. The manner inigtheach of the eight instructional principles istrby
this course will be explained. An analysis framekvan which the model is embedded will also be
presented and finally conclusions will be drawnareiing the utility to the students and teachersuch an

approach.



The task

An authentic, yet fictitious complex policy probleim prepared for the students, as recommended in

instructional principle 3. The types of problemattistudents have been asked to address in théelast

years are exemplified by the following three cases:

o

A fibre optic cable problem of a fictitious city the Netherlands aiming to support knowledge-
intensive businesses, inspired by newspaper atitiehe problems faced by Amersfoort, a Dutch
city. A city councilor has committed himself tgparticular (well researched) option for glassing
the city ring and needs to address the concerrsllofv councilors regarding the feasibility of
laying such a ring within the desired completiomes as well as provide answers to questions
regarding the financial arrangements that the nipality can make with the potential service
providers to ensure the success of such a ventigdents figure as consultants with a modeling
specialization and are given information on thepsiged failure of a similar project in another
Dutch city.

A request by an interdepartmental commission féormation regarding the knowledge-based
service industry of western Europe. “Consultantsthe Netherlands are asked to simulate the
quality and service standard issues associatedantigipical, small knowledge-based industry and
based on their insights provide recommendationsh&o Minister of Economic Affairs of a
developing country on measures to address the gmolof declining standards. This case was
inspired by the work of Oliva and Sterman (2001).

A water resource management problem, inspired &sittuation in the Gaza strip (Hoekstra et al
2002), in which the newly appointed Minister of Wiatffairs of an imaginary country called
Archapela, requests a modeling study as a sprimghbmaher development of new policies and
discussions with a commission comprising a numlbertieer ministerial delegates.(Box 1). The
problem is supported by historical data and mangvest newspaper articles on groundwater

shortages and the effects of pollution of the wateirces on public health.

Box 1: Typical problem situation

With the recent appointment of a new Minister of Water Affairs (Sept 2007) came the request to the
Delft University of Technology to update the understanding of the water situation in Archapela,
using the existing information. The objective of the project therefore is to gain an understanding of
how the water system functions and of the development of Archapela from 1983 onwards in order
to be able to make recommendations to enhance water management in the future. Specific
attention should be paid to the management of the water supply over the medium term (2008 to
2035) with some attention given to the long term (till 2050). Important factors in this respect are the
anticipated trends in the demand for domestic water, water for industry and agriculture, and the
quality and quantity status of the groundwater. Background information and data on the water

supply in the area are presented in the articles on the following pages




Each of these problems includes the following eletsie

° Request by a client for a modeling study (methadspecified)

°  The client operates a complex multi-actor contextvhich the specified goals for the project are a
narrower reflection of the actual problem situationwhich they have to maintain their own
political position while depending heavily on theotsultant” to provide them with relevant and
reliable insights and recommendations.

°  The emphasis of the client in their search for tsohs is strategic, rather than operational, and
they focus on enduring solutions rather than stesrh gains. They have longer term careers in
public policy in mind.

°  The information supplied to the students is presgimt a number of ways and is not always fully
consistent. Numerous articles are provided, tahtek graphs of data or interviews with people
who present different aspects of the problem. Aecent whole has to be distilled from the
information-rich, yet disparate parts.

°  The problem itself is of a technical nature andimgs the implementation of technology-based
solutions. It cannot be solved simply by concepmmadeling or spreadsheet modeling owing to
the presence of strong interactions (and feedbbekleen the constituent components of the
problem. Accordingly, the problem lends itselt®&ystem Dynamics modeling approach.

In essence, the problem provided to the studeiatseplthem in an advisory role to a public policykena
and attempts to mimic the complexity of the sitoatof their client in finding solutions to technliga

based problems in the public domain. This is icoagance with instructional principle 4.

The learning environment

Students are required to complete the task of gimpimodel-based advice to their client within aipeé

of seven weeks. They have previously receiveditrgi in differential equations, control theory and
System Dynamics modeling and have undertaken altsks in the PowerSim studio software package.
These tutorial tasks grow in difficulty during theurse until the students are able to build andarsmall
model such as the basic epidemic model. Howefies; have never undertaken the task of building thei
own more complex model based on unstructured irdtion. Students undertake the project in groups of
two, so that the social negotiation of knowledgsupported and stimulated (von Glaserfeld 1989)is
further supported in the weekly half hourly sessithmat they have with project supervisors. Thk tdshe
supervisors is to support the learning of the sttalgrimarily by asking directed questions or oegfing

to the questions of the students. Supervisorsgeeifically instructed to act as a soundingboadi alow

the students to test ideas with them and with e#lolr. Although there is a clear standard forehentual
end product, there is no “model answer”. Instémdprocess of arriving at a conceptually sounddstgd
model that allows the testing of policy alternasivand the provision of model-based advice to tlentls

facilitated. Students are assisted during thisgss in reflecting on their approach by the quastiaf the



supervisors regarding their progress both in mddetlopment and in writing the accompanying refoort
the client. In short, the learning environment ex@ls to the instructional principles 5 and 6 andn?7.
addition to this, specific short training in reflien is given to the students and they are requtivedrite a

reflective essay.

The training in reflection

Late in the third week of the project when the stuitd have wrestled their way through a conceptualeh
and are busy with the specification of a Systemddyics model in PowerSim Studio, a short lecture is
given on the process of modeling. Students areimred) to read the article entitled: “The unavoidabl
apriori” by Meadows (1980). This, in order to stiate them to think about whether, and why, System
Dynamics is an appropriate modeling technique for problem at hand. They are encouraged to
remember that this may not be obvious to theirntliand certainly is not obvious to their political
opponents. Reasoned justification of their choitmodeling method and an openness to the posgibili

using other methods is the desired outcome.

The process of modeling is then further addressetjuhe metaphor of an optician. A customer séledks
help of an optician because they have problems thih vision. They require a solution to theipplem
and can judge the validity of the solution offefadthe optician in terms of whether it helps thensée
better or not. They cannot fully judge the quatifithe process followed by the optician in comiaguch
a recommendation, only the value of the outcomthéon. We view the optician as the modeler and the
customer as the modeling client. Then, just afiénmetaphor the modeling client judges the vafutbhe®
model to them primarily on the basis of the outccane the insights provided in regard to the origina
problem, while the expertise of the modeler, sinyléo that of the optician, can only fully be assed by
colleagues and not the client. Only by exercidimgreflective capacity and asking questions ofdalih
regarding the process followed in completing th&greed task can the modeler ensure his own adterenc
to quality standards. The types of (simple) questihe can ask include:

° Is the model fit for purpose?

°  How well did | construct and test my model?

°  Are the results useful /good enough?

°  How could | do better next time?
In addition, one can view the situation from areexal perspective and ask questions about theaedip

between modeler and client and the utility and llefeggregation of the model.

The purpose of the illustrative metaphor is towaltbe student to realize that they can choosedw ¥he
situation from one of three perspectives, namé)ythg client’s, (ii) the modeler’s and (iii) an texnal

perspective and that each of these perspectives keadifferent reflective questions and henceeddifit



insights. They are required to choose a perspedthiat they feel comfortable with and reflect oritth

experiences during and at the end of the modeliaggt.

In addition, to support this reflection further theodeling cycle is allied to choices that they make
developing and using their model. In essenceftbdel artifact forms the pivot in an initially cozngent
and later divergent analytical approach (Figure The steps that they make in drawing their conchss
and making recommendations regarding policy sahstieflect back on the choices made in the proakss
building and specifying the model. Clarificatiohthese choices and the insight that it is the @sscof

reflecting on these choices that will make thentesehodelers is the desired outcome.

So, in accordance with the last instructional ggles allied to the problem-based learning approafch
Barrows (1985, 1992), the opportunity for reflentis provided to the students as is the supparbtmluct
this. However, the embedding of the model artifiacthe analytical process as in Figure 1, strites
address the need to anchor the learning withinlatger task of mastering the bachelor curriculurd an
enabling the individual students to own their owarhing process and task (instructional princijlesd

2). But, what use do they make of this reflectippartunity and does it make them better modelers?
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Figure 1: The model as the focal point embedded aonvergent and then divergent analytical process
allied to the modeling cycle (on the right hande$idIn drawing conclusions on the validity of
the model and its use, students need to refleth@ichoices made in moving from the problem
formulation through the conceptual system desaniptio the model itself. Similarly, in
providing answers to the clients’ problems studemgsd to reflect on the initial assumptions
they made. The arrows on the left hand side reptebese reflective learning activities.



Grading

The products of the System Dynamics Modelling pbjaclude a validated model and (tested) policy
options, submitted on CD-Rom, together with a reporthe fictitious public policy client. The stuas
receive a group grade for the model (25% of thal tytade) as well as the joint report (the majooityhe
mark). This means that students who are good ramglebut poor in argumentation can still score
relatively well in the course compared with studewho are poor modelers, but write well. An exaet|

mark can only be attained if both the model and¢pert to the client are good.

The reflective essay on the other hand is deemeadfti€ient standard provided that the argumentaind
structure are sound. Their opinions in regard tmlefing and its value from their chosen perspeatif/e
modeler or client are not evaluated so that theyfiare to be honest and to ensure that the reflteds
helpful to their development as a young profesdiofite essay is placed in the skills portfolio efhthey

develop over the course of the bachelors’ prograifieichnology, Policy and Management.

Results and Conclusions

Sixty-eight per cent of the students focus thagrdton on the strengths and weaknesses of thelehand
the dilemmas they face in executing the modelingecy In essence they address the rather simplistic
questions listed previously and so do this welhirfy per cent of the students choose the roldefdient
and address the added value of a modeling appinaphantifying the potential gains of policy optgand
their role in actualizing this. Only two per caftthe students choose the external perspectives did
not surprise us, as they have not yet had expdsurarious modeling techniques and so have littséght
regarding the relative merits of different techmgutheir underlying paradigms and their most amiaite

level of aggregation.

However, categories of students can be distingdisteeording to their modeling grade and the degfee
insight evinced in their reflective essays. Weenbs that the students with excellent modeling gsad
produced good reflective essays. Some studentsaghi@ved average modeling grades also produced
good reflective insights. In addition some studemho were weak modelers produced adequate refecti
essays. In short, the level of the reflective yssdagned more closely with the grade for the mougl
report than with the total modeling grade. Oudiprimary interpretation of these results is thahamced
reflective ability on the part of students enalilemsm to improve their use of a model in a clierieoted

situation, but does not necessarily help them naaletter model.



Table 1: Categorization of students according ®rtmodeling grades and their reflective insigiiark
grey indicates that the majority of students withirgrade range fall within a certain reflective
category. Light grey indicates that only a fewdstnts within a grade range are assigned to the
reflective category, while the hatched grey is égatiive of intermediate numbers.

Reflection | poor adequate good
Model grade
fail none none
weak
average
excellent

In the questionnaire filled in by students, moranttvO % of the students indicated that the trainimg

reflection complemented the System Dynamics modelourse well to adequately.

To enable us to draw more definitive conclusionsualthe role and efficacy of reflective training in
making better modelers in future, we will condudbagitudinal survey of students who have taken the
System Dynamics modeling course over the lastyears. It is our long term goal to establish tkeet

to which the tools offered as an aid to reflectismpport the acdf learning and how effective this proves
to be for young professional practitioners. Aftdy Sterman’s masterly analysis of learning asedback
process (1994), teaches us that we need to betogba unexpected effects of our teaching actiwitiad
welcome feedback on these.
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