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Abstract

Prior exploration is an instructional strategy whitas improved performance and
knowledge acquisition in system-dynamics basediegrenvironments, but only to a
limited degree. This study investigates whether ehtrdnsparency, showing users the
internal structure of models, can extend the prigoloration strategy and improve
learning even more. In an experimental study, padnts in a web-based simulation
learned about and managed a small developing nalbparticipants were provided
the prior exploration strategy but only half re@sl\prior exploration embedded in a
structure-behavior diagram intended to make thestlyidg model’s structure more
transparent. Participants provided with the maxadparent strategy demonstrated bet-
ter knowledge acquisition of the underlying modelam objective measure (multiple-
choice posttest) but no difference on a subjectieasure (open-ended verbal protocols
based on short essay questions). Furthermore,gbédormance (managing the nation)
was the equivalent to those in the less transpaedition. Combined with our previ-
ous studies, the results suggest that while prplogation is a beneficial strategy for
both performance and knowledge acquisition, makiegmodel structure transparent in
this way (with structure-behavior diagrams) is mloreéted in its effect.



Introduction and background

The difficulties with decision making in complexrdymic systems are well documented
(e.g., Brehmer, 1992; Funke, 1991; Jensen, 2005nk& 1998, 2004; Rouwette,
Groller, & Vennix, 2004; Sterman, 1989a; Sterm&89b). In previous research with
system-dynamics-based learning environments (KsggjrAlessi, Pedercini, & David-
sen, 2009) we have shown success with an instnattgirategy we call prior explora-
tion. This strategy seeks to improve learners’grenfince (success in running a simula-
tion) and knowledge acquisition (of the simulatrondel and strategies for working

with it) by improving both their mental models amansfer of that knowledge, and si-
multaneously minimizing detrimental cognitive loald learners’ concern with risk.
Seeking to improve upon that success, we have b&guagram of research to investi-
gate other strategies to use in conjunction wighghor exploration technique. In the
current study we investigate the strategy of makimgodel’s structure more transparent
So as to facilitate prior exploration.

Over the last five years we have been developisygsem-dynamics based learning
environment (subsequently referred to only asehening environment) called
BLEND, the Bergen Learning Environment for NatioBavelopment. BLEND (devel-
oped at the University of Bergen in Norway) is lshea a version of the Millennium
Institute’s Threshold-21 model of national develamty simplified to represent the
characteristics of developing nations in sub-Sahafaca. It's learning objectives in-
clude (1) recognizing the need to balance soat@nemic and environmental factors in
a nation’s development, (2) understanding and ¢peravithin the complex non-linear
dynamic relationships of such a system, (3) thigland planning in the long term
(rather than the short term) including recognitwdnhe role played by delays, and (4)
enticing learners to pursue their own modelingvétadis relevant to the particular char-
acteristics of their own nations.

Our initial learning environment (Alessi, Kopainskavidsen, & Pedercini, 2008) was
designed to have learners play the roles of clitiational leaders (the prime minister
and the ministers of finance, education, healtkiirenment, and transportation) and
work cooperatively over a long (50 year) time fratmémprove the nation’s economic,
social, and environmental conditions. Experiendd Wiat learning environment dem-
onstrated what many designers of learning envirartsnieave reported, that understand-
ing and working with complex system dynamics modelgery difficult for learners. As

a result, we have embarked on a program of res@aterided to improve the learning
environment.

One such problem was that learners are not onlgndvedmed by the complexity of
decision, but are nervous, even in a game, of ngakie wrong decisions and seeing
their simulated nation fail. A possible solutionbtoth those problems is to give the
learners a “simulator within the simulation” whialould allow them to explore the
model (how the nation changes when investmentseimsdike health, education, and
infrastructure are variedjeforethey actually make decisions in the game. In Kaglay
et al., (2009) we implemented the simulator witthia simulation idea using an instruc-



tional strategy we call “prior exploration”. Leansevere permitted to explore the effect
of individual variables (or combinations of therm) the nation, and do so quickly, eas-
ily, and without consequences for the game’s fmatome. The prior exploration strat-
egy did improve learners’ knowledge acquisitiorir@ef model and performance in the
game, but not as much as we had hoped.

Consequently, we have begun to investigate addaitistnategies to improve the out-
comes of the prior exploration strategy. Poterdiedtegies include giving learners cor-
rective feedback, giving learners assignmentsgi@note reflective thinking, using
collaborative learning activities, and promotingdabtransparency. In our first effort,
reported here, we chose model transparency asiaigee for improving the previously
found benefits of prior exploration.

The strategy of increasing model transparencydamiag environments was actively
researched in the 1990’s and early 2000’s. Siner, tthere has been a tendencgde
sumethat model transparency is good and should beacteristic of most learning
environments and, for that matter, most system-aycsactivities (Benedetti, Bixio,
Claeys, & Vanrolleghem, 2008; Crout et al., 200@jg€hmann & Wallace, 2009;
Gore, Hooey, Foyle, & Scott-Nash, 2008; Toppingy&la Olesen, 2010)

The research studies of Machuca and his collea@i@&shuca, Ruiz del Castillo, Do-
mingo, & Gonzélez Zamora, 1998; Machuca, 2000; @mwzzZamora, Machuca, &
Ruiz del Castillo, 2000) provided considerable enick that well-constructed transpar-
ent models are beneficial. Several studies by @rdsid his colleagues (GroRdler, 1997;
GroRler, 1998; GroRler, Maier, & Milling, 2000) mided similar evidence, although
some of the results were more mixed. Those and ethdies are analyzed in Alessi,
(2002), which in addition to concluding that traasgncy is beneficial for onlsgome
learners andomelearning objectives, also concluded that differaethods of provid-
ing transparency (verbal explanations, videos,adosp diagrams, stock and flow
diagrams) are differentially effective. For exammck and flow diagrams are proba-
bly effective for learners with more system-dynasrackground.

Some more recent studies have again investigatemb(itrast to assumed) the benefits
of transparency. The results have been mixed. Gsegeal., (2005) provided evidence
that users desire transparency, though they dexissarily benefit from it. Cramer et
al., (2008) suggested that while transparency ingataisers’ meta-competence (aware-
ness of their own competence), it may have acturaéyfered with improving their
competence. Lee, Nelles, Billinghurst, & Kim, (20@uggested some benefits for
transparency in an authoring tool, but transparevey confounded with other design
characteristics, so it was not entirely clear & benefit was due specifically to transpar-
ency. Rouwette et al., (2004) performed a liteeteriew (including most of the stud-
ies in the previous paragraph) in which severalistiof transparenajid show benefi-
cial results, and one very relevant study (to oarkyvindicated that different methods

of providing transparency (e.g., causal-loop diaggahierarchical-tree diagrams, block
diagrams) were differentially effective. Somewhatgreement with Rouwette et al.,
the dissertation by Viste, (2007) included a varetmultimedia techniques for in-
creasing transparency, some of which were moretaféethan others.



Given that researchers have shown successsarttemethods of increasing transpar-
ency, and based upon our theoretical belief thatyao understanding system dynamics
Is an appreciation how model structure drives mbdakvior, we chose to embed our
prior exploration strategy within structure-behandeagrams.

In our work with learning environments we are ietged in two very different learning
outcomes (Kopainsky, Pirnay-Dummer, & Alessi, 2Q0J@rformance and understand-
ing (or knowledge acquisition). Performance is vog¥l (and perhaps how quickly,
though that has not been an area we have stuéiga)ers manage the simulation. Al-
though the national development simulation hasmalrar of outcome variables, our
main measure of performance is per capita incomestadl for interest payments on
debt. It is easy for a person managing the nat@abtain high per capita incomes if
they don’t worry about driving the nation into delbis much more difficult to grow the
nation in a healthy way, increasing the citizeres’ papita income while avoiding na-
tional debt.

The other learning outcome, knowledge acquisit®the extent to which the learner
has internalized the simulation model as a mentaeh) which they can explain and
base good decisions on. We measure knowledge #&tmuis two ways, one objective
and one subjective. Objectively, we asked multgieice questions both before and
after using the simulation (where “using the sirtiold means both the prior explora-
tion and managing the nation in the game). Thosiépteichoice questions probed
knowledge acquisition of the model (e.qg., the ntanse-effect relationships) and about
how to manage the model to produce a healthy néfippendix B). Subjectively, we
gave the learners embedded story problem quegtigpendices D and E) for which
they could type open-ended responses of whatengthie¢hey desired.

We believe that it is essential to assess botlopaence and knowledge acquisition
when evaluating system-dynamics-based learning@mwients. It is possible for learn-
ers to perform well due to luck for example, withéuwly understanding what they are
doing. It is also possible for learners to be ablexplain a model, but not be able to
applythat knowledge to problem solving, like managing hation. We want learners to
be able to solve problems or manage systems asd fto the right reasons, because
they have a good mental model (knowledge) of tistesy.

Given the above, our research questions for thidystvere as follows:

1. Will learners who receive the prior exploratiorastigy embedded within a more
transparent (structure-behavior diagram) inter&emy better knowledge
acquisition than learners receiving the prior exggion strategy embedded in an
opaque (black-box) interface? Knowledge acquisitsomeasured by both an
objective test and by subjective open-ended estagy] questions.

2. Will learners who receive the prior exploratioraségy embedded within a more
transparent interface demonstrate better performamthe final simulation-game
than learners receiving the prior exploration sfggtembedded in an opaque
interface? Performance is measured by the finatgeita income adjusted for
interest payments on debt in the simulated nation.



In the remainder of the paper we refer to the gnoagking with the more transparent
interface as the transparent group and the groukimgowith the less transparent inter-
face as the opaque group. To answer the reseaestiapus we performed an experi-
mental study with 144 educational psychology stigldn the next section we describe
the materials and methods used for the experimstud},. In the results section we
analyze whether the two experimental conditionfergtl from each other with respect
to performance and knowledge acquisition. In subbsegversions of this paper the re-
sult section will also analyze the determinantparformance and knowledge acquisi-
tion by identifying those activities in the expednt that significantly influenced per-
formance and knowledge acquisition. As our regliishot find many significant per-
formance differences between the transparent andpghque group, the discussion and
conclusions section focuses on further developmaritse current experimental design.

Materials and methods

Research participants

Research participants were 144 university studeos a large national university in
Germany. 72 percent were female and 28% were lpercent were collage age (be-
tween 18 and 21 years), 34% were 21 to 30, and 28é above 30 years of age. Al-
most all were pursuing the bachelor degree. A smatiber (about 20 of the 144) had
some experience with national development worlssea, or simulation.

Experimental conditions

The research participants were assigned randonmdgemf two experimental condi-
tions. In the original prior exploration strated§ofpainsky et al., 2009), the learner
could adjust sliders for the main input variabléthe model (government expenditures
for education, health, and roads) and see thetsfiethe form of graphs showing sev-
eral of the nation’s key outcome variables (e.gtiamal debt, per capita income, levels
of education, health and roads). Figure 1 showstiginal prior exploration strategy,
which also served as the control condition forghely reported here (the opaque
group). But in that strategy the learner only dsssavior, and nothing about the struc-
ture of the system. We therefore embedded the bgtaphs in a causal-loop diagram
which shows the learn&oththe structure of the modahdthe behavior that results
when they set the input variables (sliders) inaagiways. The result, prior exploration
embedded in a structure-behavior diagram, is showigure 2 (the English transla-
tion) and Figure 3 (the German translation as $gqparticipants in Germany), which
served as the experimental condition for the cursardy (the transparent group). The
diagram also included mouse-over text. When learpemt with the mouse at particu-
lar graphs, variables, arrows, or loops, they arergan explanation of their role in the
overall model, intended to improve transparencyhavere.



Figure 1: The Prior Exploration activity in the lotkansparency condition (opaque
group)

Exploration Phase, Stage 1 Review Instructions

Move the slider to the left and to the
right, explore a wide range of slider
values and cbserve the decision
outcomes.

Reset to Initial Values

PC Income Corrected
for Interest Payments

Debt over GDP

Notes:

This is a dynamic activity. As the participant skdthe slider for education higher and lower, ttapls
below immediately replot to show how the selecteddet would affect the various outcome variables.
This version is considered low in transparency bsedhere is no indication of how or why the ediocat
budget affects the variables plotted in the graphs. exploration activity is shown in this figurekng-
lish (for the convenience of the reader). Partiofpan Germany saw an identical figure with thet fax
German.

Figure 2: The Prior Exploration activity in the thgransparency condition (transpar-
ency group)

Exploration Phase, Stage 1

Review Instructions

Move the slider to the left and to the right, explore a wide range of slider Reset to Initial Values

values and chserve the decision outcomes.
, Debt over GDP >C Deficit (-) or Surplus (+)

/
<+———__ Total Desired
PC Budget

PC Income Corrected
;[_S,?" Interest Payments

Capital ; m mm me mw @R @
Environment Nt




Notes:

This is a dynamic activity. This version is consatehigh in transparency because the slider, thehgr
and several other variables are shown within aaldasp diagram which reveals the cause-effectrela
tionships. So, for example, the participant cantbatthe red slider for the education budget diyec
affects “Total Desired PC Budget” and “Resourcé@giose in turn affect other variables like the Digfic
Productivity, and Investment Environment. Importaginforcing loops such as the debt loop and the
capital accumulation loop are also easy to seee@gain, we show an English translation, though the
participants in Germany saw an identical figurehviite text in German.

Figure 3: The Prior Exploration activity in the tgransparency condition (transpar-
ency group) in German

Explorationsphase, Schritt 1 [ Ansicht Anleitung |

Verschuldungsquote PK Defizit (-) oder Mehrertrag (+)
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Materials

All textual materials including test questions goadticipant responses were in German.
Except for initial directions and final debriefing) research materials were in a web-
based program that could be run via any Windowsdbasmputer with a browser and
internet connection. The program consisted of

e Atitle page,

* Five pages of instructions (Appendix A) which dédsed the simulated nation and
the things the participants would be doing,

* Anidentification page which required participatdsenter a unique 1D number,
e An 8-item multiple-choice pretest (Appendix B),
*  Four “prior exploration” stages (see below),

* The main simulation-game in which participants ngg@ththe nation for 50 simu-
lated years (Figure 4),

« Two open-ended story questions (Appendices D and E)



* A self-assessment questionnaire (Appendix F),

* An 8-item multiple choice posttest (identical te ghretest but with the questions
and their response alternatives in different ordaryl

* Afinal demographic questionnaire (Appendix G).

The four prior exploration stages were as follows.

* Participants first encountered an exploration pagehich they manipulated only
the expenditures for education, seeing either Eiduithe opaque group) or Figure
2 (the transparent group). They could do so fdolag as they wanted, after which
they received a reflection question as shown inefgix C. The reflection question

probed participants to type their observations abfmipreceding simulation-based
exploration.

* Phase two was identical except that participantsipodated the expenditures for
health, seeing figures very similar to either Fegiror Figure 2 and receiving a re-
flection question very similar to Appendix C.

* Phase three was the same except they manipulaekpenditures for roads
(transportation infrastructure).

* Finally in phase four they were able to manipuldiéhree expenditure sliders for
as long as they wished, once again followed bylaatgon question.

Figure 4: Interface of the management phase fotttéiesparency group

Management Phase | Review Instructions |

Reminder _

Your Goal: Achieve and maintain the highest possible per capita income (corrected for interest on debt).
Your Task: Decide on the desired budgets for education, health and roads.

= 2035

Click Here to Simulate for the Next 5 Years

Debt over GDP PC Deficit (-) or Surplus

Year
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Notes:

This is the main simulation-game activity whiclthie basis for assessing performance. It works quite
differently than the Prior Exploration activitig®n this page, moving a slider does not immedizaéigct
the graphs. Only when the participant clicks thi#dyulabeled “Click Here to Simulate for the Next 5
Years” do the graphs update to show the outconrethdid 5-year period. The participant can then move
the sliders again to modify the investment stratddys process (modify the sliders, go forward &rgg

is done ten times. In this figure, the participlaas$ so far progressed to the year 2035 (half wayth

the simulation), so the graphs show the natiorsslte up to that year. We show the English version
though as with previous figures, the participaais 8 version in German.

Measures

The final value of the per capita income corredtednterest payments on debt was the
main measure of performance.

The pretest and posttest (Appendix B) was an adbgateasure of knowledge acquisi-
tion. For measurement purposes we counted the numhlberrect answers on the mul-
tiple-choice questions. Table 1 provides an ovenoéthe questions in the pre- and the
posttest and their correct answers. The tablelstsathe question identifiers (i.e., their
short description that will be used in the resséistion of this paper). The last column
refers to the levels in Bloom’s taxonomy of edumadil objectives that are assessed
with the questions. Bloom’s taxonomy (Bloom, 1988derson & Krathwohl, 2001)
differentiates between six levels of educationgéactiives which start from remember-
ing and go to understanding, applying, analyzingjueating, and creating. In a separate
paper (Kopainsky & Alessi, submitted) we descrite taxonomy in detail and its rele-
vance for assessing knowledge acquisition in coxgi@mamic decision making tasks.
For the purpose of our BLEND ILE, the first fouvéds (remembering and understand-
ing — levels 1/2, as well as applying and analyzirigvels 3/4) are of relevance. In the
last column of Table 1 we only differentiate betwéevels 1/2 and 3/4, indicating ques-
tions that require remembering and explaining im@tion about the national develop-
ment planning task (levels 1/2) and questionsréguire using knowledge about the
national development planning task to solve proklerthin the task (levels 3/4).

Table 1: Multiple-choice questions for pre- and fest

Question Question stem wording Correct answer Levelin
identifier Bloom’s
taxonomy
decisions in the The Prime Minister of Blendia Expenditures for education, 1, 2
task can influence the following as- health, and roads
pects directly
determinants of In the country of Blendia the tax s fixed 1,2
tax rate rate
determinants of In the country of Blendia, capital The levels of education, 1,2
capital invest- investment depends on: health and roads
ments
determinants of In Blendia, economic develop- Per capita income in Blen- 1,2
per capita in- ment is measured by per capita  dia is the value of produc-
come income. tion per person and produc-

tion is determined by the



amount of physical capital,
human capital and roads.

determinants of What determines the interest rate The amount of debt and the 3, 4

interest rate in Blendia? GDP (pc income).

mechanisms that How can you pay down (service) By distributing less than 3,4
lead to a de- debt in Blendia? the total revenue.

crease in debt

length of delays In the country of Blendia, which Roads, health, education. 3,4

of the investments has/will have
the most immediate effect on per
capita income? Rank the re-
sources and list the resource with
the most immediate effect first.
mechanisms that High levels of debt in Blendia are Spending more than earn- 3,4

lead to an in- a consequence of: ing through tax revenue.
crease in debt

The story questions (Appendices D and E) were ubgstive measure of knowledge
acquisition. Descriptions of the problem situataod of the proposed strategy to solve
the national development planning task were contbini® one verbal protocol which
was then compared to an expert response. The eegprnse also described the prob-
lem structure (i.e., the structure of the undedysimulation model) and the strategies
for successfully solving the national developmdanhping task.

We coded a random selection of ten participantgtevw responses for each experimen-
tal condition and rated the responses for desoriptof relationships in the underlying
simulation model and for descriptions of charasters of successful strategies for solv-
ing the national development planning task.

As coding and rating of the verbal protocols fod participants would have been a
very time consuming (as well as subjective) taslemered the verbal protocols into an
automated analysis which we have tested for itssility in complex dynamic decision
making tasks in a previous paper (Kopainsky e2él10). The automated analysis was
based on T-MITOCAR, a software tool that uses mhtanguage expressions (instead
of graphical drawings by participants) as inpueadat the re-representation, analysis
and comparison of mental models (Pirnay-Dummer &csmr, 2008; Pirnay-Dummer

& Ifenthaler, 2010). Such natural language expoessare the responses written by our
participants as a result of the embedded storytigues -MITOCAR currently works
with verbal protocols in either English or German.

Any text of sufficient length can be graphicallgwalized by the T-MITOCAR soft-
ware. T-MITOCAR tracks the association of concépim a text directly to a graph,
using mental model heuristics to do so. Texts whmftain 350 or more words can be
used to generate associative networks as grapmstéxt and to calculate structural and
semantic measures for the analysis and comparismiemmtal models. The re-
representation process is carried out automatigalhyultiple computer linguistic stag-
es. Table 2 provides an overview and definitiongtie similarity indices calculated by
T-MITOCAR. More details about the indices can berfd in Kopainsky et al., (2010).
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Table 2: Structural and semantic similarity indiaesed for the quantitative comparison
of participant responses and expert response

Similarity index Definition
Structure  surfacemeasure (see compares the number of link within two graphsslaisimple

Ifenthaler, 2008) and easy way to calculate how large a text model is

graphical matching compares structural ranges of two graphs. It isutaled as the

measure (see similarity between the diameters of the two spagrires. The

Ifenthaler, 2008) diameter of the spanning tree of a graph is thgdehof the
shortest paths between two (indirectly) linked @pts in a
graph.

density of vertices describes the quotient of concepts per links withgraph.

measure (also often  Since both graphs which connect every concept alitthe

called ‘gamma other concepts (everything with everything) andgsawhich

matchingmeasure”) only connect pairs of concepts can be consideredk wental

(Pirnay-Dummer, models, a medium density is expected for most geading

Ifenthaler, & Spec- mental models.

tor, 2010)

structural matching compares the complete structures of two graphswitregard
measure (see Pirnay- to their content. This measure is necessary fdngilbtheses

Dummer & Ifen- which make assumptions about general featuresuaftate
thaler, 2010) (e.g., assumptions stating that expert knowledgérigtured
differently from novice knowledge).
Semantics concept matching counts how many concepts are alike. This measwespiscially
measure (Pirnay- important for different groups operating in the sathomain

Dummer et al., 2010) (e.g., using the same textbook). It determine®rifices in
language use between the models.

propositional match-  compares only fully identical propositions (conctpk-

ing measure (see concept) between two graphs. It is a measure fantifying
Ifenthaler, 2008) semantic similarity between two graphs.

balanced semantic a measure which combines both propositional magcaimd
matchingmeasure concept matching.

(see Pirnay-Dummer
& Ifenthaler, 2010)

Procedures

Potential participants were introduced to the stidiyng class and given the opportu-
nity to volunteer or not for the study. Volunteemuld log in for the study and, based
on their student number, were randomly directeahi® of two web URLS, one of which
pointed to the opaque condition and the other pdith the transparent condition of the
program. Participants were allowed two weeks tdoper the national development
planning task. Data was automatically stored tecue web server. After two weeks, a
debriefing and discussion occurred in class.

Results

This section presents the results from our experalestudy. We first compare per-
formance between the opaque and transparent gralfinan analyze differences in
understanding knowledge acquisition by the two gsou
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Performance

Figure 5 shows participants’ performance in théomal development planning task
(i.e., the values for per capita income correctedriterest payments on debt) for the
opague group and the transparent group. In botlpgrdhe vast majority of partici-
pants either stabilized or increased their pertaapcome (corrected for interest on
debt) over time. About twice as many participantthie opaque group bankrupted their
country, i.e., they created so much debt that apita income corrected for interest
payments on debt became negative.

Figure 5: Individual participants’ performance ihé two conditions

opagque group
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To see if the differences between the opaque gaodghe transparent group were sta-
tistically significant, we compared per capita immcorrected for interest on debt for
the two groups with two-tailed t-testat 0.05. The resulting p-value for the year 2060
(the final year of the simulation) was 0.88 indicgtthat there was no difference in per-
formance between the two groups based on thegiratapita income corrected for
interest on debt.

Knowledge acquisition

Figure 6 compares performance of the two conditmmthe multiple-choice questions
in the posttest. The figure indicates the percentdgorrect answers to each question
and the percentage of total correct answers fooplague and the transparent group.

Participants performed slightly better on the petelowever, the differences between
the pre- and the posttest were not significantufé@ shows that a majority of the par-
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ticipants correctly answered questions about thgtleof the delays regarding educa-
tion, health and roads expenditure (question Jguathe influence of education, health
and roads on capital investment (question 5) aodtaihe decisions in the task. Only a
small number of participants were able to correictyntify the preconditions for reduc-
ing debt (question 7).

Figure 6: Multiple-choice test: percentage of caranswers in the posttest

100% -
80% -
60% -
40% -

20% -

0% -

percentage of correct answers

1 2 3 4 5 6 7 8 total
correct
B opaque group @ transparent group
1: length of delays (level 3/4) 5: determinants of capital investment (1/2)
2: determinants of tax rate (1/2) 6: determinants of per capita income (1/2)
3: determinants of interest rate (3/4) 7: mechanisms that lead to a decrease in debt (3/4)
4: mechanisms that lead to an increase in deby (38} decisions in the task (1/2)

Figure 6 shows that for all questions, a highecgetage of participants in the transpar-
ent group answered correctly. These differenceg wignificant (two-tailed t-test at

a = 0.05) for question one and the total number ofemranswers. Table 3 provides
detailed statistics for the differences betweernojpeque and the transparent group in
the posttest. In addition to the percentage of tatarect answers the table also lists the
percentage of correct answers to level 1/2 questmid to level 3/4 questions. When
the questions are split into level 1/2 and 3/4 difierences between the opaque and the
transparent group are not significant anymore: @0.05). However, the table shows
that there is a tendency for the transparent gtowutperform the opaque group for the
higher level questions (level 3/4).

Table 3: Results from a two-tailed t-test concegnilifferences between the opaque and
transparent group in the multiple-choice posttest

average % of total average % of correct an-  average % of correct an-

correct answers swers level 1/2 questions  swers level 3/4 questions
opaque group 45 50 41
transparent group 53 58 48
p values .04 A2 .07

Figure 7 presents the results from the automatelysis of the verbal protocols. The
similarity indices in the figure indicate the oviesamilarity between the participants’
responses and the expert response. A value ofdnfoof the indices in the figure
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would indicate that the participant response isabtjuthe expert response for a specific
structural or semantic characteristic.

Figure 7: Structural and semantic similarity betwege verbal protocols and the ex-
pert response
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Results from the automated analysis show thatmeige, similarity between partici-
pants’ responses and the expert response is coaisigidigher for the structural indices
than for the semantic indices. Within the strudturdices (graphical, structural,
gamma, and surface matching), we can observe #énatipants describe a fair number
of concepts (variables) in their responses (fdirjh level for surface matching), and
that they link these concepts quite intensivelgliHevels for graphical matching and
gamma matching). The low values for concept ang@gsitional matching, however,
indicate that the concepts that they describe @r@ery important in the national de-
velopment planning task (i.e., they show a low l@fe&eoncept matching to the expert
response) and that they do not link the conceptecity (i.e., they show a low level of
propositional matching to the expert response).

The opaque and the transparent group differ froch esher significantly for the gam-

ma matching index (two-tailed t-testeat 0.05). The transparent group thus showed a
level of interconnectedness of concepts (varialitest)was closer to the expert response
than that of the opaque group.

For assessing participants’ knowledge acquisitieralgso coded some of the verbal
protocols manually. Manual analysis was only penked for ten protocols per experi-
mental condition. The manual analysis identifiegl tumber of described relationships
in the verbal protocols and the number of descriigategy elements for solving the
national development planning task. The two expenital conditions did not differ
from each other significantly, neither in termgeiationships nor strategy elements
(based on a Mann-Whitney t-testat 0.05). It is, however, possible that the lack of
significant differences is entirely caused by W humber of analyzed protocols. In
subsequent versions of this paper we will increbeanumber of manually coded proto-
cols per condition to increase the statistical pofeethis assessment.
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Discussion and reflection

Research questions

Ourfirst research questiowas the following. Will learners who receive thép ex-
ploration strategy embedded within a more transpgantéerface show better knowledge
acquisition than learners receiving the prior exgion strategy embedded in an opaque
interface?

We employed two measures to address this quedtianfirst, an objective measure,
was an eight-item multiple-choice test given befamd after the simulation activities
(exploration and management of the model). Fouh@ftems probed participants’
knowledge acquisition at the first and second eeélBloom’s taxonomy of educa-
tional objectives (Bloom, 1956; Anderson & Krathwa2001) (remembering and un-
derstanding). The other four items probed partiipeknowledge acquisition at the
third and fourth levels of Bloom’s taxonomy (applgiand analyzing).

The second, a subjective measure, consisted o$lvwd-essay story questions given
immediately after the final simulation activity (megement of the model). The first
story question asked participants to write a notiné prime minister describing the
problem facing the nation, that is, explaining tha&n issues and variables relevant to
the nation and how they affect each other. Therskstory question followed up on the
first, asking participants to advise the prime sti@i by suggesting an investment strat-
egy (for education, health, and roads across a&804me span) to maximize per capita
income while minimizing national debt.

The objective multiple-choice test given before siraulation activities (the pretest)
showed no significant difference between the paditts given a more transparent
model interface and those given a more opaque miatgeface. The objective multiple-
choice test given after the simulation activitigee(posttest) did demonstrate a signifi-
cant (p=.04) difference favoring participants rgceg the more transparent model inter-
face. Those in the transparent condition answenealvarage of 53% of the questions
correctly in the posttest, while those in the opagondition answered an average of 45
percent correctly.

Somewhat surprisingly, overall performance on tletgst was marginallgetterthan

on the posttest, but that difference was not diggniit. Nor was there any significant
difference on the pretest between conditions odiiéerent types of questions. Because
the pretest-posttest difference was not significaetwould not conclude that partici-
pants did worse on the posttest, however, we @soat conclude that they did better.
We can only say that after the simulation actigitigose in the transparent condition
performed better. Let’s consider why this mightlhe case.

The pretest was given before the simulation aatiwjtbutafter the instructions. Those
instructions included a description of the natiéBl@ndia, information about key vari-
ables (investments in education, health, roads) jssues like revenue, borrowing, and
interest payments on debt. In other words, sonteuictsonwas providedn the instruc-
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tions, though only in the form of participants reagverbal information. Only later
during the simulation activities did they work withe information learned. The pretest
probably reflectsomelearning that occurred from reading the instruttiol he post-
test, in contrast, reflects the more significaariéng that occurred fromoththe in-
structions (reading about the variables and issaregthe simulation activities (actually
experimenting with and manipulating the variabl®gg had included a pretest in the
hope that it would provide greater statistical potsetaking entry knowledge into con-
sideration, but it did not appear to do that sitiheetwo conditions did not differ at all
on the pretest. The posttest turned out to bedlkeibdication of overall learning from
both instructional and simulation activities.

Because the posttest items were of two types,dbtire remembering and understand-
ing levels of Bloom’s taxonomy (levels 1 and 2) dodr at the slightly higher applying
and analyzing (3 and 4) levels, we also examineadthe two conditions differed for
the different levels of questions. With only fourgtead of eight) questions the signifi-
cant differences disappeared, but the trend cosdiraund was greater for the level 3 and
4 questions. That is, while participants in thesgarent condition did only marginally
better on level 1 and 2 question than did partitipan the opaque condition (p=.12),
for the level 3 and 4 questions the transparendition showed greater improvement
over the opaque condition, with p=.07 being alnsogtificant. A more challenging

test, perhaps with more questions at the applicata analysis levels, might have
demonstrated a significant difference. Our cautigisen that these differences were
not significant) new hypothesis is that model st transparency benefits higher lev-
els of learning (applying and analyzing) more tt@amer levels of learning.

Unfortunately, that hypothesis is only marginallypported by our subjective (story
problem) questions. The automated analysis of énecpants’ verbal protocols on the
story problems (done by the T-MITOCAR program) skdwnly one significant differ-
ence between the transparent and opaque condarmehghe manual analysis showed no
significant differences. T-MITOCAR calculates seffierent indices of similarity
(between the participants’ answers and expertsvarssto the same questions), and the
only index that was significantly different was GamMatching. This reflects the
amount of interconnectedness among concepts ispamee, and indicated that partici-
pants in the transparent condition had intercorateetss more like that of experts than
did participants in the opaque condition.

Why would the objective multiple-choice posttesbwimore differences than the sub-
jective story questions? The most obvious answtraisthe objective questions are
more focused on key concepts and therefore momatsento differences in knowledge
acquisition concerning those concepts. Participaesponses to essay questions are all
over the place, often not addressing the key cdacdll. The much greater variation
makes detecting differences among conditions miffieudt.

Oursecond research questiavas the followingWill learners who receive the prior
exploration strategy embedded within a more trarespganterface demonstrate better
performance in the final simulation-game than leesmeceiving the prior exploration
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strategy embedded in an opaque interface, wheferpemce is measured by the final
per capita income adjusted for interest on dethénsimulated nation.

Using the criterion of per capita income minusregt on debt in 2060 (the last year of
the management simulation), the two conditionsndiddiffer significantly. Looking at
Figure 5, we see that the great majority of pgyéinis in both groups had small to large
improvements based on that criterion. A small nunatb@articipants did poorly, bank-
rupting the nation, as represented by lines goowgrdbelow zero in the two graphs. In
fact, adopting a “bankruptcy” criterion (whetherrmt participants bankrupt the nation),
the transparent condition appear to perform be@aly about five participants in that
condition bankrupted the nation. In contrast, rpagicipants in the opaque condition
bankrupted the nation, almost twice as many. Howekiese numbers are too small to
demonstrate a significant difference. They onlygasg that while the great majority of
participants perform well, transparency may redheesmall number of very poor per-
formances (bankruptcies).

Reflections

Given some success regarding our first researcstignebut much weaker findings
regarding the second research question, our mastign is why might learners acquire
relevant knowledge yet not perform well within simulation? The most obvious an-
swer is that performance requires transfer of kedgé from one form (answering ver-
bal questions) to another (policy formation andlengentation). It is quite common for
learners to acquire new knowledge yet not be abépply it in other situations, espe-
cially in the real world. It makes sense that pdowy learners with transparent model
structure, including showing how that structuretest to model behavior (in the form of
the output graphs), would help them understandribeel better. In fact, they appear to
understand the model not only at gimplestievels of Bloom’s taxonomy (remember-
ing and understanding) but even more so at thbtsligigherlevels of applying and
analyzing. Buapplyingin a multiple-choice question is not the samepyeng when
implementing policies and strategies in a managésienulation over a period of fifty
(simulated) years. No matter what the level of kisalge required in a multiple-choice
question, the learner still need only click on spanse. To be successful in the man-
agement simulation probably requires learners im foypotheses, test them, evaluate
the results, and revise hypotheses, doing allsnagral times. We know from our pre-
vious experiments that the prior exploration stygtdoes itself impact performance, but
simply modifying its interface (providing greatarless transparency) mostly impacts
knowledge acquisition, and impacts performancke]itt at all.

Given the overall performance of our participastnge still bankrupt the simulated
nation and many just hold the nation steady, witlgproving anything) we are certain
that they can still improve a lot. Research on rhettacture transparency suggests it is
sometimes beneficial. But there are other waysawige structural transparency be-
sides imbedding behavior graphs in a causal loagrdm. The structure of a model
could be taught with an interactive tutorial, wah audio or video lecture, with ani-
mated pedagogical agents, or any number of newimedia techniques. Our structure-
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behavior diagrams were passive, that is, learners wotrequiredto cognitively proc-
ess the information embedded in them. Perhapsvadbstructural transparency which
requires more active cognitive processing will bareneffective.

Then again, perhaps the prior exploration strateitype augmented more by some-
thing other than transparency of model structuoe.example, providing assistance
(either through a help system or an animated peglegicagent) orexploring(creating
hypotheses, testing them, revising them) might lease® greater impact than providing
structural transparency tools.

Next steps

Although not all our hypotheses were confirmed aadall our measures were effec-
tive, results were sufficient to suggest modificasi to our research with the current
learning environment. The pretests did not add miwicitmation, so can probably be
eliminated. The story questions might be asked ichately after the exploration phas-
es, which would provide a more sensitive test af leaploration affects knowledge
acquisition. Given the procedure we used, the psistind story questions followbkdth
the exploration and the management, so the effemtmoration (with or without trans-
parency) may have been diluted by additional legriuring the management phase.
Finally, simply providing information about modeficture (transparency) does not
guarantee that learners cognitively process iyes@lan to investigate more interactive
strategies which encourage greater processingedtthcture-behavior diagrams.
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Appendix

Appendix A: Instructions

You have just been appointed as the head advigbetBrime Minister of Blendia. The Prime Minister
and you will stay in office for a period of 50 ysalfou are thus in charge of the long term devekamgm
of Blendia.

Blendia is an island located off the western coéégtfrica. It is currently one of the poorest cotes in
the world with a per capita income of $300 per y&awur task is to bring the country onto a susthiea
economic growth path and achieve and maintain igfigelst possible per capita income.

Per capita income results directly from productioid sale of goods and services. For simplicitymss
that per capita GDP (per capita production) is etpuper capita income. Production is driven by the
available physical capital (machinery and its tedbgy level), by human capital (the amount of waske
and their education and health), and by the lelalfaastructure (including roads). The government
cannot invest in physical capital directly, butan invest in improving the general level of edigrat
health, and infrastructure. By investing in suctorgces, the general investment environment imgrove
Investors in capital will invest the potentiallyaakable money (a share of per capita income) mdrenw
the labor force is more productive and roads pmwidcess to input and output markets for the goods
produced.

Specifically, the Prime Minister can invest in thefollowing three resources:
. Education

Education is the stock of knowledge, skills, tecjuais, and capabilities embodied in labor acquired
through education and training. These qualitiesraportant for the labor force to understand and
perform tasks, to properly use the available plasiapital, and to efficiently organize the produc-
tion process. Maximum or optimal education wouldaman average adult literacy rate of 100%,
which is the maximum or optimal value for Human Blepment Index (HDI) calculations. The

HDI is a United Nations composite index that inéadneasures of education, health, and income. It
allows comparison across countries of their le¥dilonan development.

. Health

Health defines the strength of the labor force thod its capability to properly use the available
physical capital and to efficiently organize theguction process. Maximum or optimal health
would mean an average life expectancy of 85 yemingch is the maximum or optimal value for
Human Development Index calculations).

. Roads

Efficient and extended infrastructure allows fasted cheaper access to the market, broader access
to information, and reliable access to the inpatpiired for production. Maximum or optimal roads
would mean a value of kilometers of roads per peesqpal to those in the year 2005 in the United
States.
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Budget issues

The budget for education, health and roads expanedit(also called "development expenditure") can be
calculated as follows:

+ Revenue: Through taxation (30% flat tax rate)gbeernment generates revenue from per cap-
ita income.

+ Borrowing: The government can borrow money framefgn sources (e.g., the International
Monetary Fund). If the government borrows monegtarts accumulating debt.

- Interest payments on debt: Each year the govarhmié have to pay interest on its debt. The
interest rate depends on the level of debt. A commeasure for the amount of debt is the debt
over GDP ratio. The interest rate is 1% for a \evy debt over GDP ratio and can rise up to
15% for a very high debt over GDP ratio.

Note that Revenue and Borrowing add funds (the gilyrss) available for expenditures, while Interest
payments on the debt subtract funds (the minusyyailable for expenditures.

Decisions

Every five years, as part of a national developnpdantining effort, the Prime Minister will decide tre
expenditures for education, health and roads. TimeePMinister can do three things, and has the labso
power to decide which to do (see also Figure 1):

1. Distribute the total available Per Capita Revermersg education, health and roads without
creating either a deficit or a surplus.

2. Distribute more than the total available Per CaRiégaenue. In this case the Prime Minister creates a
deficit and borrows money.

3. Distribute less than the total available Per CaRga&enue. In this case the Prime Minister will have
a surplus and be able to service (pay down) deletnok money.

Figure 1: Budget decisions mechanism with initialues

Total available Per Capita Revenue $90 per person
Education expenditure $30 per person
Health expenditure $30 per person
Transportation expenditure $30 per person
Surplus (+) / deficit (-) $0 per person
Evaluation

The performance of the Prime Minister will be exd&d based on a composite income indicator. The
indicator is calculated as:

+ Per capita income: You should try to achieve muaghtain the highest possible per capita in-
come. The country's official goal is to reach aseabf $600 per capita or more in 50 years.

- Interest payments on debt: Per capita incomeoonbe maintained if the country has not ac-
cumulated excessive debt.

In summary, the interest payments on debt will gudted from per capita income.
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Appendix B: Multiple-choice questions

T

he same questions were used for the pretest attbpb Questions and alternatives were presented i

random order. The order here reflects the numberirilge questions in the main text. Correct answers
arehighlighted.

1

. In the country of Blendia, which of the investiteehas or will have the most immediate effect en p

capita income? Rank the resources, listing theuresowith the most immediate effect first.

4

Roads, education, health.
Roads, health, education.
All have their effect at the same time.
Education, health, roads.
Education, roads, health.

Health, education, roads.

. In the country of Blendia the tax rate
is fixed.
depends on the level of debt.
is per capita income minus total expenditures.
is tax revenue plus borrowing.
is per capita income minus debt.

depends on the total expenditures for educaticalttheand roads.

. What determines the interest rate in Blendia?
The amount of debt and the GDP (per capita income).
GDP (per capita income) and the negotiation pow@&lendia towards the lender country.
How much Blendia is borrowing in the current year.
How much Blendia borrowed the preceding year.
The credibility that Blendia has due to its curramount of debt.

The credibility that Blendia has due to its currantount of debt balanced by what it usually pays
down.

. High levels of debt in Blendia are a consequearice
Changing modalities in loan contracts.
Spending more than earning through tax revenue.
Mismanagement and corruption by government officialBlendia.

The geographic disadvantages of Blendia.
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The lack of natural resources in Blendia.

Budged shortages with donor agencies.

5. In the country of Blendia, capital investmenpeleds on:

The total government development expenditure.

The government’s expenditures on education, healthroads.
The levels of education, health and roads.

The tax revenue minus interest payments on debt.

The tax rate minus the interest rate.

The level of education and the tax revenue minasrtterest payments on debt.

6. In Blendia, economic development is measurepdnycapita income. Per capita income in Blendia is

the:

value of production per person and production temeined by the amount of physical capital mi-
nus interest payments on debt.

sum of the government’s expenditures on educaliealth and roads per person.

sum of the government’s expenditures on educaliealth and roads per person minus interest
payments on debt.

value of production per person and production is dermined by the amount of physical capi-
tal, human capital and roads.

sum of tax revenue and borrowing minus interestrgays on debt.

tax revenue minus the sum of the government’s edipees on education, health and roads per
person.

. How can you pay down (service) debt in Blendia?

By borrowing more money from foreign sources.
By spending less than the total revenue.

By spending more than the total revenue.

By negotiating debt relief.

By raising taxes for a short period of time.

By raising taxes for a long period of time.

8. The Prime Minister of Blendia can influence tbkkowing aspects directly:

Expenditures for education, health, and roads.
Level of debt, capital investment, and tax rate.
Expenditures for roads, tax rate, and capital itnaest.

Expenditures for education, health, and level dftde
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. Interest rate (on debt), tax rate, and capitalstwent.

. Expenditures for roads, level of debt, and interat (on debt).

Appendix C: Exploration workbook - Part 1
What happened to per capita income and the othérators when you changed the budget for education?
Why do you think this happened?

Please write your key observations below.

Appendix D: Embedded story question - Part 1

As the Prime Minister's main advisor, you must dieanderstand the situation in Blendia and steps
necessary to achieve and maintain the highestlgegser capita income. The Prime Minister will be
traveling to an important United Nations conferemteere heads of sub-Saharan African nations will
meet to discuss strategies for breaking out optheerty trap. The country with the best strategy wi
receive the most favorable loan conditions fromltiternational Monetary Fund.

On this and the next page you will prepare a coneefe for the Prime Minister, explaining in detathy
Blendia has such a low per capita income and wiePtime Minister must do to change this, i.e., how
much money the Prime Minister must spend on educaliealth and roads every five years throughout
the next 50 years. Bear in mind that the Prime $ariis a politician who does not have much time to
think about the causes of poverty and why youtesgjias would succeed. You must explain yoursely ver
clearly and include as much relevant informatiop@assible.

In the spaces below, describe Blendia's problematsitn to the Prime Minister. Try to identify theyk
issues or variables relevant to the problem anthéxgthe relationship between them. Please give the
Prime Minister your six most important ideas in egl detail that the Minister will clearly understian
what you are saying.

Appendix E: Embedded story question - Part 2

Now, in the space below, explain for the Prime Igfier your insights and suggestions about increasing
per capita income in Blendia while maintaining lmterest payments on debt. How much money should
the Minster spend on education, health and roadstbe next 50 years? Be as specific as possille an
explain the reasons for each step in your straf€lgig. is important because the Prime Minister nast
able to give a very convincing rationale to othanisters at the conference.

Appendix F: Briefing the Prime Minister - Part 3
Please give us your opinion on the following stagata. Click on the diamonds.

| | strongly ‘ | disagree | | neither dis- ‘ | agree | | srlyn ‘
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disagree agree nor agree agree

My proposed strategy will definitely help
Blendia if it is implemented.

| am sure that the Prime Minister will
understand my strategy.

| am sure that the Prime Minister will
implement my suggestions.

I think that my suggestions are easy to
implement.

| believe that the people of Blendia will
understand my strategy.

o

The simulation helped me to create a god
strategy.

The simulation made a lot of things clear
to me.

Running the simulation has influenced m
ideas about the problem in Blendia.

Running the simulation has positively
influenced my interest in the field.

Appendix G: Final Questionnaire

How interested are you in national developmentas8u

. Extremely

. Quite

. Some

. Not particularly

. Not at all

Have you ever taken classes in national developstadtes or in national development economics?
. Yes

. No

Have you ever used simulation and modeling to strdyanage national development issues?
. Yes

. No

What is your age?

. Below 18 years

. 18 to 21 years

. 22 to 30 years

e Above 30 years

How would you rate your knowledge of national deypehent issues?
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Verygood

+ Good

e« Average

. Poor

. Very poor

Do you have any practical experience in nationaktigpment work?
. Yes

. No

What is your highest educational degree?

e Secondary School

. B.A.
. M.A.
. Ph.D.

What is your gender?
. Female

. Male
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