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Abstract

When evaluating the effectiveness of interactimeieg environments it is important to
include measures of knowledge acquisition that dement measures of performance.
In this paper we report on participants’ knowledggguisition in a dynamic decision
making task where participants learned about andh&gad a small developing nation.
In the course of the experiment participants ndy tvad to make decisions but also
answer multiple-choice questions and short essagtipns. The results suggest that
participants had a fairly good understanding of thenforcing nature of national de-
velopment processes and of processes that arese clausal proximity to their deci-
sions. On the other hand, participants largelyddito recognize nonlinearities, the
existence of the outflows to stocks and the propatment of delays with different du-
rations. Knowledge acquisition was facilitated hg intensity of participants’ explora-
tion activities during a simulation-based, guidegbleration phase between reading
textual instructions and making actual, simulatimesed decisions.



Introduction and background

One of the primary purposes of system dynamicsalvesys been learning about com-
plex dynamic systems (Forrester, 1961; StermanQ209 just about all system dynam-
ics activities, including when professionals argaged in model building, learning is at
least one of the important outcomes. It may nahleesame type of learning as occurs
in a classroom. But when researchers are workitig méw models, the knowledge de-
rived from the research is a form of learning. Whpehcy makers are testing the effects
of new policies through modeling, insights intoipploutcomes is also a form of learn-
ing. Hence, learning (the creation or acquisitibnew knowledge) is alwaysneof the
purposes in system dynamics activities.

Given that assertion, that learning is always drié® purposes in system dynamics
activities, then the accurate measurement of legrfdr knowledge acquisition) is criti-
cal to advancement of system dynamics and the dagmractice (whether in a class-
room, a lab, or a government office) of system dyiwca activities. Measurement of
learning is, however, quite varied. That is in fmatause the visible evidence, or arti-
facts, of learning are themselves varied. Skilledgrmance (solving a problem, de-
signing a factory, running a business) is evidesfdearning. Explaining or describing
something (how to solve a problem, design a factmryun a business) is also evidence
of learning. A score on an exam is another typevidence.

In our work with system-dynamics-based interackeagning environments (ILE)
(Alessi, Kopainsky, Davidsen, & Pedercini, 2008;pémsky, Alessi, Pedercini, & Da-
vidsen, 2009; Kopainsky, Pedercini, Alessi, & Daad, 2010; Kopainsky, Pirnay-
Dummer, & Alessi, 2010), the assessment of learairtgomes is obviously a primary
consideration. In this paper, using data from ree&perimental studies, we examine
different ways to measure different types of leagni

Within the fields of learning theory and learnirgsassment, one of the most widely
used taxonomies for different aspects of learngngloom’s Taxonomy of Educational
Objectives (Bloom, 1956). The current version @ taxonomy (Anderson & Krath-
wohl, 2001) sequences six broad categories ofilegutcomes from those represent-
ing lower level skills to those representing higlestel skills. They are, starting at the
lowest level:

1. Remembering. Remembering is represented (for exagraplexams) by defining
terms, naming objects, arranging things in ordgreating statements, and so on.

2. Understanding. Understanding is represented bygladite to explain concepts,
classify things into categories, describe prin@ple restate information in one’s
own words.

3. Applying. Applying is represented by using knowledind rules to solve problems,
writing a report, or doing a job.

4. Analyzing. Analyzing is represented by comparing aantrasting, criticizing,
asking good questions, generating hypotheses tegaazing things.

5. Evaluating. Evaluating is represented by makingjuents, arguing and debating,
defending a point of view, or making an assessment.



6. Creating. Creating is represented by designingyrhay, writing proposals, setting
up experiments, drawing diagrams, building deviees, so on.

In any particular activity, the levels of learnitigat are intended should inform the types
of assessment (or measurement) employed. Mositagitiave multiple levels of
learning as their goals, though not all of the ablevels.

Bloom’s Taxonomy has already been applied to tlsgdeof instruments for measuring
learning in systems dynamics by Stave & HopperQ{2@nd Hopper & Stave, (2008).
They have investigated students’ knowledge abastesays thinking, which has been
alternatively argued as either a subset or supefsbe system dynamics methodology.
That argument is not important to the researchrtegdere, because we are measuring
the acquisition of knowledge about specific conteithin a system-dynamics-based
learning environment, not systems thinking in gaher even system dynamics meth-
odology in general. However, we consider Stave §pto’s work as justification for
using Bloom’s Taxonomy to distinguish and meastuffer@nt aspects of learning with-
in learning environments based on either systemgitig or the system dynamics
methodology.

Many system dynamics activities (model buildingngzg, using a learning environ-
ment) focus on the participanigerformancewithin the activity itself (the quality of the
model created, whether they win the game, theiresitothe learning environment).
While that is useful, it is not a complete pictéoe several reasons. First, performance
is usually an indication of thepplyinglevel of Bloom’s Taxonomy. Since applying
knowledge is the third of six levels, it is entir@ossible that a person might not per-
form well (i.e., apply what knowledge they haveated), but still might have demon-
strated learning in one of the lower and easiezl&\e.g., might have been able to show
understanding or recall of the knowledge. Secoachepne may display good perform-
ance for reasons other than learning, or as soreigystem dynamics community like
to say, they may perform well but for the wrongs@as. Common reasons for perform-
ing well without having learned the relevant knadge include luck, intelligent guess-
ing, trial and error, and cheating. We of coursatwyseople to perform well for threght
reasons, because they understand models and rapplpthem to real-world problems
and organizations. Third, and this really overlajith the first and second reasons, a
researcher does not want to miss anything importaatrning at the lower levels is
easy to attain and is common. Successively higheld of learning are more difficult
to attain and less common. It is therefore prutiemeasure learning at several levels,
not only the highest level you desire, but alssébelow it. If you only measure at the
highest levels (of the taxonomy) that you desime) snay think nothing was learned
when in fact people may have learned a lot, atehels of remembering or understand-
ing, for example. If you measure at several lewads, will know if only the most basic
levels of learning occurred, but also can discehigher levels of learning occurred,
which would certainly be better.

For the above reasons, our research on learningoaments includes measurement of
both performance and what we have been callingré@mious papers and articles) un-
derstanding. In actuality, our measurement of “wsid@ding” has been the measure-
ment of a combination of remembering, understandipglying, and analyzing, the
first four levels of Bloom’s Taxonomy. In this papee analyze and discuss data con-
cerning our different methods of measuring thogeets of learning. The highest levels



of Bloom’s Taxonomy, evaluating and creating, azaagally more relevant when peo-
ple are building or modifying models, not playingnges or running learning environ-
ments. For this reason they are not a part ofdisisussion.

This research on measurement of knowledge acaunsgiin the context of our work on
a learning environment called BLEND, the Bergenrhegay Environment for National
Development. It is intended to introduce natioriahpers to systems thinking within
their field. That includes appreciation for longnteplanning, feedback loops, non-linear
relationships between variables, and collaboragilaening across areas of an organiza-
tion. However, our learning environments are ingghtbr novices to system dynamics,
that is, persons with little or no experience irTiie activities within the learning envi-
ronment and our research measurements of knowhattgesition probe the partici-
pants’ knowledge about the specific structure uydey the system (e.g., the interac-
tions between a nation’s economy, social serviaed,infrastructure) and their decision
making tasks to manage the system (e.g., allocgorgrnment funds to health, educa-
tion, and transportation infrastructure). We do usg terms like “causal loop” or “stock
and flow” in the learning activities, nor do we dhkk participants to create such system
dynamics artifacts. However, one of our long-teearhing goals is to increase their
(national planners) interest in the concepts anthau®logy of system dynamics.

In the version of BLEND used for the study reportede, participants played the role
of adviser to the Prime Minister of a small devahgpnation, making long term deci-
sions about investments in health, education, em$portation infrastructure (roads).
Performance within the learning environment islya@asily measured by computing
the per capita income attained, adjusting for egepayments on the national debt. But
as discussed above, it is possible for participenssicceed in their task through luck,
good educated guessing, trial and error, or othesams. We want our participants to
manage their nation well because they understaddaiiow a good economic and so-
cial model, and because they exercise a systenmeaghp Thus, we must assess not
only their performance, but their knowledge. Ineanlier study (Kopainsky et al., 2009)
we assessed knowledge using open-ended shortegssstyons, with moderate success.
Although the results of that study showed diffeemim knowledge acquisition for dif-
ferent experimental conditions, there was very wigieation among participants. In

this study we modified those short essay questimnsake them more focused and we
added an objective multiple-choice test. Well desdyobjective tests tend to have
greater reliability and precision than subjectiests like short essays, plus they are eas-
ler to score.

All participants in this study answered both thgotive (multiple choice) test and the
subjective (short essay) story questions. Howehadf,of the participants received a
simulation interface which was higher in transpayefthat is, made the underlying
model more obvious to them) and half received aikition interface which was lower
in transparency (that is, made the underlying mtass obvious, or more opaque). Both
experimental conditions were based on an instroatistrategy that we had developed
in previous papers and that we termed prior exptorgKopainsky & Sawicka, 2011;
Kopainsky et al., 2009). This strategy includesausation-based, guided exploration
phase between reading textual instructions andmgadgtual, simulation-based man-
agement decisions.



In this paper we use the experimental data to rmegmaurticipants’ knowledge acquisi-
tion and determine for which aspects of the natideaelopment planning tasks it was
high and for which aspects it was lower. We als@#tigate how knowledge acquisi-
tion was affected by modifications in the prior Exption strategy and how the differ-
ent activities in the task contributed to knowle@gguisition. We conclude the paper
with reflections on the usefulness of the applieseasments to measure knowledge
acquisition in a complex dynamic decision makirgktand with reflections on future
research to improve such assessments.

Materials and methods

National development planning task

Participants played the role of the advisor toghme minister in Blendia, a virtual
sub-Saharan African Nation which, at the outsednis of the poorest nations in the
world (per capita income of $300 per person per)ydheir task was to achieve and
maintain the highest possible per capita incoméencourse of 50 years (see appendix
A for the complete instructions). The prime minidtas complete authority to decide
on expenditures for education, health and road®stment and borrowing decisions
are made every five years. The simulation staregjunlibrium and the prime minister
stays in office throughout the 50 years no mattev poor a participant’s performance.
Figure 1 provides a simplified representation ef simulation model underlying the
national development planning task. The sliderstaedhree variables italics in the
light grey box represent the three decision vaesbl'he simulation model is described
in detail in Kopainsky et al., (2009).

Figure 1: Simplified representation of the simwatimodel underlying the national
development planning task
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Experimental conditions

Participants completed the national developmentrpiey task following the prior ex-
ploration strategy. The prior exploration stratedjpws participants to explore the
model’s behavior in a risk-free environment aftsading instructions and before mak-
ing actual decisions (the management phase). Pais were split into two groups
(the opaque and transparent groups) that receitfedetht versions of the exploration
and management interface. The interfaces diffaredea transparency of the underlying
simulation model. The opaque group received amfade that showed sliders for the
decision variables and six output graphs for kelycators (Figure 2). The interface of
the transparent group showed the same sliderswpdtagraphs but it linked the sliders
and output graphs in the form of an aggregatedatdmisp diagram (Figure 3). In a sep-
arate paper we discuss the two experimental camdiin detail. In this paper we focus
on the elements of the national development plantask for which knowledge acqui-
sition was high, those for which it was low andtbe determinants of knowledge ac-
quisition.

Figure 2: Black box interface for exploration phastep 1
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Figure 3: Transparent interface for exploration gea step 1
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Measures of knowledge acquisition

Objective multiple-choice test

The objective multiple-choice test consisted oheiguestions (see Appendix B) each
having six response alternatives. Four of the guestvere designed to assess partici-
pants’ recall and understanding (the bottom twelewf Bloom’s Taxonomy) of the
model underlying the nation’s economic and sodiagpess, and four of the questions
were designed to assess participants’ applicatidneaalysis (the next two higher lev-
els of Bloom’s Taxonomy) of the model and systematgics principles. The test was
administered twice, before participants startedsthrilation activities (the pretest) and
again after completing all the simulation acti\stighe posttest). The order of the eight
items and the order of the response alternativesdifierent (randomly) in the pretest
and posttest.

Table 1 provides an overview of the questions énfite- and the posttest and their cor-
rect answers. The table also lists the questiontifter's (i.e., their short description that
will be used in the results section of this paper) the levels in Bloom’s taxonomy that
are assessed with the questions.



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

Question identi-  Question stem wording Correct answer Levelin
fier 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 ~ 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
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.

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

Subjective short essay questions

The subjective measure consisted of embedded gt@stions (Pirnay-Dummer, 2006).
The participants were asked to imagine they argngrtheir advice to the Prime Minis-
ter. More specifically, they were asked to prouide Prime Minister with a verbal de-
scription of two things (see appendix C and D Far full wording of the questions):

* The problem situation in Blendia at the beginnifh¢heir assignment as the main
advisor to the Prime Minister. This included idéntig the key variables that are
relevant to the problem and explaining the relaiop between them.

* Their proposed strategy to increase per capitamecehile maintaining low inter-
est payments on debt. This included explaining tvipialicies they suggested im-
plementing and why they thought these would bectffe.

The embedded story questions were administeredthégarticipants had completed

all the simulation activities. The verbal protoc{participant responses) resulting from
the embedded story questions were coded and adSemsethree perspectives. In each
case, descriptions of the problem situation anth@froposed strategy to solve the na-



tional development planning task were combined ame verbal protocol which was
then compared to an expert response. The experdnes also described the problem
structure (i.e., the model structure shown in Feglirand the strategies for successfully
solving the national development planning task. ffinee perspectives on the verbal
protocols were:

* Coding and rating for detail complexity (manual lgges).
* Coding and rating for dynamic complexity (manualgsis).
* Automated assessment of structural and semantiasiyto the expert response.

For the manual analysis, the participants’ respomge printed on one side of an in-
dex card and their participant identification numéaed experimental condition was on
the reverse side to enable blind scoring. A scoprogocol was devised to assess par-
ticipants’ understanding of detail complexity anghdmic complexity (Senge, 1990).
The scoring protocol awarded varying points to ¢helements with the maximum
number of points determined by the expert respdngbe expert response, we identi-
fied 16 relationships between important variables served as indicators fdetail
complexity An example of such a relationship is that peitadapcome depends on
capital and total factor productivity. Participantseived one point for each of those
relationships that they identified, the maximunmigel 6.

To measure participants’ understandinglphamic complexitypoints were assigned if
participants were able to infer the characteristfcsuccessful investment strategies. In
total we coded the verbal protocols for a maximdmixsuch characteristics. Partici-
pants received one point if their description id&d the concept of balancing educa-
tion, health and roads (recognition of nonlineasifii.e., the fact that neither resource
alone can stimulate growth very much but that theyce growth very effectively
when developed in a balanced way). They receivedoomteachif their description
included education and roads requiring early inmesit and health requiring a some-
what delayed investment (recognition of stock Jaaa with different delays in their
inflows). Finally, they received one poigachif they included the notion that borrow-
ing early was important and that, at a later tidekyt must be paid off (recognition of
stock and flow variables, and understanding howehariables interact to produce an
increase or a decrease in the stock). The scorasgfawrly liberal, that is, any phrase
suggesting they understood these key conceptswaslied a point.

Finally, the verbal protocols were also subjectedriautomated analysighat we have
introduced in one of our previous papers (Kopainskgnay-Dummer et al., 2010). The
automated analysis was based on T-MITOCAR, a soéweol that uses natural lan-
guage expressions (instead of graphical drawingsaycipants) as input data for the
re-representation, analysis and comparison of rhemddels (Pirnay-Dummer & Spec-
tor, 2008; Pirnay-Dummer & Ifenthaler, 2010). Suettural language expressions are
the responses written by our participants in angwéne embedded story questions.

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 comparfsmiemmtal 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, Pirnay-
Dummer et al., (2010).

Table 2: Structural and semantic similarity indiaesed for the quantitative comparison
of participant responses and an 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 isutated as the

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

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

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

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

called ‘gamma other concepts (everything with everything) andpgsawhich

matchingmeasure”) only connect pairs of concepts can be consideretdk wesntal

(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 graphsowitregard
measure (see Pirnay- to their content. This measure is necessary fdnglbtheses

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

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

propositional match-  compares only fully identical propositions (concépk-

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

Participants performed the experiment in a clagarsetting with an experimenter al-
ways present in the room. Prior to the actual expanrt the ILE was installed on the
classroom computers. All results were stored edaatally both on the desktop of each
computer and to a remote server. Participants a&sgned randomly to one of the two
conditions. Before starting the task, all partioifgareceived the same pre-briefing. Pre-
briefing emphasized that the participants were atwomanage a virtual nation over a
very long time horizon. They were then presenteti Wie general schedule of the ex-
periment (Figure 4).
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Figure 4: Summary of the experimental procedure

Plenary
pre-briefing

Instructions multiple choice
pre-test

self multiple choice final
assessment post-test questionnaire

- simulation-based activities
Plenary
I:' assessments de-briefing

The participants proceeded at their own pace ajained between 45 and 90 minutes to
complete all the activities. They worked at sepacamputers with no communication
allowed with other participants. Performance mears@nt was based on the manage-
ment task. The experimental session ended witker@apy debriefing session which in-
cluded an exchange of participants’ experiencesevg@rforming the experiment, col-
laborative development of the underlying modelatrice and a discussion of the short
and long term effectiveness of different expenditsirategies.

In addition to the simulation-based activities tggvants completed several question-
naires designed to explain their performance asdsastheir knowledge acquisition.
After the participants had been introduced to ttom of Blendia (the instructions),
participants took the multiple-choice pretest.

The exploration phase consisted of four stepstep sne, participants could manipulate
the slider regulating education expenditure aneégntesthe resulting model behavior. In
step two, they could do the same for health experediand in step three, for roads ex-
penditure. In the fourth and last step, they conghipulate all three sliders at the same
time. Exploration is a dynamic activity. As the fpepant slides the slider for educa-
tion, health and/or roads higher and lower, thelggan the interface immediately re-
plot to show how the selected budget would affeetiarious outcome variables. After
each exploration step, participants were askeddord their observations and to ex-
plain the resulting graph behavior. These questiang the reflection they were in-
tended to encourage, are considered an integriabptire prior exploration strategy,
and not as measurement of outcomes.

In the management phase, participants had to makerglement decisions about the
expenditures for education, health and roads. DQuhe management phase, moving a
slider does not immediately affect the graphs ierdautcome variables. Only when the
participant clicks the button labeled “Click HeceSimulate for the Next 5 Years” do
the graphs update to show the outcomes for thaiab{yeriod. The participant can then
move the sliders again to modify the investmerategy. This process (modify the slid-
ers, go forward 5 years) is done ten times.
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After the management task the participants answibedhort essay questions, that is,
the embedded story questions. In addition to tloet @ssay questions, participants also
assessed the usefulness of their proposed strategthe usefulness of the simulation in
nine questions on a five-point Likert scale rangmugn “strongly disagree” to “strongly
agree” (appendix E). After the self-assessmentsicpmants were administered the mul-
tiple-choice posttest. In a final questionnairatipgants were asked to assess their
interest in, prior knowledge of, and experiencéhmational development issues and the
use of simulations for national planning. Partioisaalso indicated their highest degree
of education, their age category and their gentl@s was the participants’ background
and demographic data and was collected so thagsasalould control for the effects of
their backgrounds on knowledge acquisition (Apperidi

Participants

Data was collected with 39 introductory level sysidynamics students in the fall
2010. The students were recruited from the UnitediBergen in Norway and ETH
Zurich in Switzerland. Participants were assigraatdomly to either the opaque (21
participants) or transparent group (18 participarRarticipants were 46% female and
54% male. 82% were between 22 and 30 years old &¥tdwere above 30.

Results

The results presented in the subsequent sectidnmsotidiffer significantly between the
two experimental conditions. Those included Manniéy tests ati=0.05 and tested
for differences between conditions on performanuodfiple-choice pretest, multiple-
choice posttest, number of described relationshipise short essay questions, number
of described strategy characteristics in the sksgtly questions, similarity indices cal-
culated by T-MITOCAR for the short essay questiosaage of slider movements dur-
ing the four exploration steps, time spent on the £xploration steps, self assessment
of strategy and simulation, demographic and backgtanformation. For this reason
we present results aggregated over the two conditimd focus on identifying those
aspects of the national development planning tdsksparticipants understood well as
well as identifying aspects with which they had endifficulty. In a last step we ana-
lyze which activities in the task were useful fapkining participants’ knowledge ac-
quisition.

Multiple-choice questions

Figure 5 provides an overview of the results fréwa multiple-choice questions in the
posttest. For each question the percentage otjpatits who answered it correctly is
indicated. The questions are arranged in orden@énsing percentage of correct an-
swers.
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Figure 5: Correct answers to the multiple-choicesstions in the posttest
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3: determinants of interest rate 7: mechanisms that lead to a decrease in debt
4: mechanisms that lead to an increase in debt 8: decisions in the task

Figure 5 indicates a high percentage of particgpantrectly answered the questions
about the decisions in the task (question 8) andiathe length of the delays for educa-
tion, health and roads (question 1). Questions tatabationships close to the decisions
in the task (questions 2 and 5) and the mechartisat$ead to an increase in debt
(question 4) were also answered correctly by ar@0% of the participants. Relation-
ships close to the decisions in the task relateladionships that are either a direct con-
sequence or a direct determinant of the three idecisriables (see Figure 1). A small
percentage of participants were able to correctbneer questions about distant rela-
tionships (question 3) and the requirements foucew) the debt stock (question 7). The
question about the determinants of per capita ic@uestion 6) achieved a low-to-
mid-range percentage of correct answers.

The results in the pretest were similar to theltesa the posttest. Figure 6 compares
the percentage of participants who answered thstigms in the tests correctly. The
figure illustrates that there was a tendency towartbwer percentage of correct an-
swers in the posttest compared to the pretestdiffezence between the two tests was
significant (Wilcoxon test ai= 0.05) for questions 2 and 5. These questions fa@fg
simple questions that required participants toltéisat they could not change the tax
rate in the simulation (question 2) and that capiteestment depends on the expendi-
tures for education, health and roads (question 5).
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Figure 6: Correct answers to the multiple-choicesgtions in the pre- vs the posttest
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Embedded story questions

Figure 7 provides an overview of the relationstipscribed in the verbal protocols
(detail complexity). The relationships are arrangedrder of an increasing percentage
of participants who described them in their answeithe embedded story questions.
Figure 7 illustrates that those relationships gaaticipants described most were the
goal of and the decisions in the task (relationshgind m) as well as relationships that
are very close to the actual decisions (relatigrshj o and p).

Poorly described relationships were the mechantkatdead to a decrease in debt (re-
lationships a, and e) and relationships that astui from the decisions in the task (re-
lationship b). The low value for the relationshgtween capital and investment (rela-
tionship c) indicates that participants had diffiilgs perceiving the input to the capital
stock.

The number of participants describing the deterntmaf capital investment (relation-
ships g, h, and k) was in the medium range, anauhngber of participants describing
the determinants of per capita income was a ktiballer (low-to-medium range).
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Figure 7: Level of detail complexity describedle tverbal protocols
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a surplus occurs when desired expenditures ar¢hassavailable expenditures
b investment increases with per capita income

¢ capital increases with investment

d deficit occurs when desired expenditures aretgréan available expenditures
e surplus leads to paying down debt

f per capita income is a function of capital anltéactor productivity

g investment increases with education

h investment increases with health

i deficit leads to borrowing

j available expenditures are equal to tax revenimeisrinterest payments

k investment increases with roads

| goal is to maximize per capita income

m the prime minister can regulate expenditures

n tax revenue equals per capita income times theata

0 borrowing leads to debt

p debt leads to interest payments

Figure 8 shows the level of dynamic complexity diésal in the verbal protocols. The
characteristics of a successful strategy for sgltire national development planning
task are arranged in order of increasing frequénatyparticipants described them. The
figure illustrates that half of the participantemdified in their responses the necessity of
borrowing early to kick start economic growth ireBtlia. Only around 25% of the par-
ticipants mentioned the need to develop the theseurces education, health and roads
in a balanced way (recognition of nonlinearitiesyl #he need for paying down debt
after the initial period of borrowing (suggestingnesperception of the outflow of the
debt stock). Participants had particular difficestiwith the management of the different
delay times. This is reflected in the varying peteges of participants who mentioned
the correct management of the delays (health latlercation early, roads early).
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Figure 8: Level of dynamic complexity describethi@ verbal protocols
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Figure 9 presents the results from the automatatysis of the verbal protocols using
T-MITOCAR. The similarity indices in the figure inghte the overall similarity be-
tween the participants’ responses and the expgrbrese. A value of 1 for any of the
indices in the figure would indicate that the pap@ant response is identical to the ex-
pert response for a specific structural or semanfitaracteristic.

Figure 9: Structural and semantic similarity betwebe verbal protocols and an expert

response

Results from the automated analysis show thatimeige, 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, gam-
ma, and surface matching), we can observe thatipamnts do not describe very many
concepts (variables) in their responses (fairly level for surface matching), but that
they link these concepts quite intensively (higkrels for graphical and structural
matching). The low values for concept and proposél matching, however, indicate
that the few concepts that they describe are ngtnetevant in the national develop-
ment planning task (low level of concept matchiaggl that they do not link the con-
cepts correctly (low level of propositional matain
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Determinants of knowledge acquisition

After identifying those aspects of the national@lepment planning task for which
knowledge acquisition was high and those for wilisclvas lower we analyzed how the
activities in the task affected participants’ knedde acquisition. For this purpose we
use regression analysis with the dependent vasdigimg our knowledge acquisition
measures and the independent variables beingglatalt the activities in the national
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development planning task and participants’ baakgdanformation. Figure 10 pro-
vides an overview of how much time participantsated to the activities in the task.

Figure 10: Average percent of time spent on thevdiets in the national development
planning task
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Figure 11 details the activities in the exploragrase. During exploration, participants
were encouraged to explore a wide range of slidkres for education, health and roads
expenditures and observe the effect these chargksrhthe system’s behavior. The
figure shows the range of slider movements, e range of explored expenditures, for
the three resources in the four exploration steps.

Figure 11: Range of slider movements in the foepsiof the exploration phase
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Other factors that may have influenced particigdatewledge acquisition include the
participants’ demographic characteristics and thagkground (data collected in the
final questionnaire), which can be summarized #svis:

* Average interest in national development issuéts @n a scale from 1 (very low
interest) to 5 (very high interest).

* Average self assessed knowledge about nationalajguent issues: 2.92 on a
scale from 1 (very poor knowledge) to 5 (very gkadwledge).

» Proportion of participants who have taken classestional development: 59%.

» Proportion of participants with experience in natibdevelopment work: 10%.
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»  Proportion of participants who have used simulatemstudy national development
issues: 13%.

* Highest education: high school 10%, bachelor 64%star 26%.
* Age: 82% between 22 and 30, 18% above 30.
* Gender: 46% female, 54% male.

Using multiple linear regression we tested howaébvities in the task and partici-
pants’ characteristics affected knowledge acqoisitiable 3 summarizes the outcomes
of three regression analyses with the dependerablas being (1) the total number of
described relationships (embedded story quest{@ghjhe total number of described
strategy characteristics (embedded story quessioa)3) the total correct answers in
the multiple-choice posttest. Appendix G contaimescomplete output tables for the
three models. Table 3 lists only the variables ¥ete significant att=0.05. For each
significant variable the direction of its influeniseindicated with either a “+” or a “-".

Table 3: Significant variables for explaining knedge acquisition (significant at
a=0.05)

dependent dependent dependent vari-
variable: variable: able: number of
number of number of correct answers in
relationships  strategy char- multiple-choice
acteristics posttest
time spent on exploration step 2 -
time spent on exploration step 4 +
time spent on first embedded story question + +
range of roads slider movements step 3 +
age +

Table 3 shows that the regression model with tatatber of described relationships as
the dependent variable did not identify any sigaifit influencing factors that helped
explain knowledge acquisition. The other two regi@s models overlapped in identify-
ing the time spent on answering the first embedder question as a significant influ-
encing factor. Both models identified additiondihedt different, significant influencing
factors. The time spent in the fourth exploratitepqthe step where participants could
explore the model’s reaction to changes in educatiealth and roads expenditure) had
a significant and positive impact on the total neméf correct answers in the posttest
while the time spent on the second exploration stiypenced the total number of cor-
rect answers negatively. The range of roads stidwrements during exploration and
age significantly contributed to the total numbgstoategy characteristics.

Discussion and conclusions

In this paper we used subjective and objectives tiesassess learning in a system-
dynamics-based interactive learning environmeng rEsults from the objective multi-
ple-choice tests and the subjective embedded gtargtions proved to be consistent.
Participants in the national development plannask thad a fairly good understanding
of the decisions in the task and of the relatignsim close causal proximity to those
decisions. Knowledge acquisition for relationstdpstant to the decisions and for the
mechanisms that decrease debt, on the other hasdpw. In both tests, knowledge
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acquisition about the determinants of per capitanme and of capital investment was in
a medium range.

As could be expected, there was a tendency foicgants to correctly answer those
multiple-choice questions that assessed lower lgkit$ and to have more difficulty
with answering questions that assessed higher skiid. The levels refer to the six
broad categories of learning outcomes in Bloonkem@my. However, we also found
that the distance between the causal relationsimgghe task decisions was more im-
portant for explaining the percentage of correstars than the actual level in Bloom’s
taxonomy. The multiple-choice tests also confirmpedple’s problems with stock man-
agement: the mechanisms that increase debt fieeintiow) were understood better
than the mechanisms that decrease debt (i.e.utflew) (see Moxnes & Saysel, 2009;
Booth Sweeney & Sterman, 2000; Sterman, 2010).

In addition to the two assessments showing comtisgsults, they complement each
other in several ways:

« Participants’ verbal protocols frequentigscribedhe mechanisms that lead to an
increase in debt. However, a much smaller percerégarticipants were able to
correctlypredictthe outcome of these mechanisms (i.e., the frexyuehcorrect
answers for mechanisms that lead to an increagelinin the multiple-choice tests
was in the mid range).

» Verbal protocols provided a richer and more diffeticted description of partici-
pants’ understanding of the problem structure dfetve solution strategies.
Most participants described the education, headthraads stocks and fairly often
they also described the debt stock. However, tasly mentioned the capital
stock. In their descriptions it was investment thfititenced production and thus
per capita income. Similarly, they often said thatrowing causes interest pay-
ments (instead of correctly tracing the causatioy borrowing that increases the
debt stock and that the amount of debt influenctsest payments on debt). Also,
participants only described how education, heatthr@ads improve total factor
productivity and thus per capita income. They sadescribed how the three re-
sources improve the investment environment whiaddeo increases in capital in-
vestment, capital and eventually production (p@itaancome). Participants real-
ized that the three resources have different impteation delays (consistent with
the results from the multiple-choice tests). Howetteey made the wrong conclu-
sion by deciding to spend more on the resource tivélshortest delay first instead
of prioritizing the resource with the longest implentation delay.

e From the characteristics of the multiple-choicesusrembedded story questions it
could be expected that verbal protocols providedrer and more differentiated
description of participants’ mental models. Howewentrary to intuition or expec-
tation, the number of described relationships dm¢seem to be a very good indi-
cator for assessing the effects of instructionaitegies on participants’ knowledge
acquisition. The number of described relationshlipgsnot generate valid regression
models, neither for exploration related determisamtr for background related de-
terminants of knowledge acquisition. The other tadicators (strategy elements,
correct answers in the post test), on the othed hdid generate valid models and
comparable results.
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Overall, the regression models suggest that tkemsity of exploration, measured in
time spent on and the range of the exploratiorviggtipositively contributed to knowl-
edge acquisition. The fact that time spent on dueisd step of exploration negatively
affected knowledge acquisition indicates a delitatiance between the importance of
exploring the system’s behavior and the possibigdaof doing so excessively. During
the first three steps of exploration, participasdsld only manipulate one expenditure
category (education, health or roads) at a timegedims that they first needed to pass
these three steps without trying to understandygivieig at once before they were ready
to appreciate the dynamics involved in the natiaealelopment planning task in the
fourth step.

From our results we derive the following conclusidor improving our learning envi-
ronment and the experimental procedures:

* The number of correct answers in the posttest axasrlthan in the pretest. The
reasons for this are unclear. Participants spemieh shorter amount of time on the
multiple-choice questions in the posttest than westjons in the pretest (Figure
10). Comments from participants when they werequering the experiment indi-
cated that they were confused about the fact tiegtlhad to answer the same ques-
tions again. It is also possible that participahtaight that they needed to change
their answers in a second round of multiple-chogestions. Finally, it is also con-
ceivable that the multiple-choice questions inghetest had an effect on knowl-
edge acquisition. We clearly did not intend for tjuestions to have such effect.
For all these reasons future versions of the IL& the experimental design will
omit the multiple-choice pretest.

* The current experimental design did not allow fenstruct validation as we could
not measure any difference in knowledge acquistietveen the two experimental
conditions with our knowledge assessment tests e®pectation was that learning
would be greater in the transparency group thdharopaque group. Finding that
result with the different measures of learning wdoléve provided evidence of their
validity with respect to measurement of knowledgguasition. Future research will
have to determine whether the lack of these firgliaglue to flaws in our measures
or to the specific characteristics of the two ekpental conditions (see also
Kopainsky, Alessi, & Pirnay-Dummer, submitted).

* The general assumption is that better understarafitite structure underlying the
decision making task and its resulting behaviot geherate better performance,
i.e., better decision making. With our experimeuiaign it is, however, unclear
whether performance in the decision making taskimaéso influence knowledge
acquisition. In future experiments we might therefmove the embedded story
guestions as well as the multiple-choice posttagtediately after the exploration
phase but before the actual management phase.
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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 ysalou are thus in charge of the long term develgm
of Blendia.

Blendia is an island located off the western coégtfrica. 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 idfieelst possible per capita income.

Per capita income results directly from productioid sale of goods and services. For simplicitymses
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 lef/glftastructure (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 suctoreces, the general investment environment imgrove
Investors in capital will invest the potentiallyaalable money (a share of per capita income) mdrenw
the labor force is more productive and roads pmwdcess 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, tecjueis, 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 indadneasures 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 peespal to those in the year 2005 in the United
States.

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)gheernment generates revenue from per cap-
ita income.
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+ Borrowing: The government can borrow money framefgn sources (e.g., the International
Monetary Fund). If the government borrows monegtatts 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 minuspeyvailable 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. TimePMinister 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 CaRi&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 exsd&d based on a composite income indicator. The
indicator is calculated as:

+ Per capita income: You should try to achieve iaadghtain 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 incomenonbe maintained if the country has not ac-
cumulated excessive debt.

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

The same questions were used for the pretest aitbpb Questions and alternatives were presented i
random order. The order here reflects the numberirige 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.

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 poi@&endia 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.

4. High levels of debt in Blendia are a consequerice

Changing modalities in loan contracts.

Spending more than earning through tax revenue.
Mismanagement and corruption by government officialBlendia.
The geographic disadvantages of Blendia.

The lack of natural resources in Blendia.
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Budged shortages with donor agencies.

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

e The total government development expenditure.

e The government’s expenditures on education, haaithroads.
*  The levels of education, health and roads.

e The tax revenue minus interest payments on debt.

e The tax rate minus the interest rate.

e The level of education and the tax revenue minasrterest 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 deermined by the amount of physical capi-
tal, human capital and roads.

e sum of tax revenue and borrowing minus interestrEats on debt.

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

7. 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 tbkowing 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

. Interest rate (on debt), tax rate, and capitalstment.

. Expenditures for roads, level of debt, and interats (on debt).
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Appendix C: Embedded story question — part |

As the Prime Minister's main advisor, you must dieanderstand the situation in Blendia and steps
necessary to achieve and maintain the highestlpegser 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 youtefjias would succeed. You must explain yoursely ver
clearly and include as much relevant informatiopassible.

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

Appendix D: Embedded story question — part Il

Now, in the space below, explain for the Prime Iglier 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 othenisters at the conference.

Appendix E: Self assessment questions

Please give us your opinion on the following staata. Click on the diamonds.

| strongly | disagree I neither dis- | agree | strongly
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.
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Appendix F: Final questionnaire

How interested are you in national developmentds8u

. 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 sardypanage 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?

«  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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Appendix G: Regression models for explaining knowldge
acquisition

Dependent variable: total number of described relabnships in the
embedded story questions

Koeffizienten®

Standardisiert

Nicht standardisierte e
Koeffizienten Koeffizienten Kollinearitats statistik
Regressionsk | Standardfehle
| Modell oeffizientB r Beta T Sig. Toleranz VIF
1 (Konstante) -416 1.209 -.344 735

EXPL_quant_edu_step1 -.005 .005 -.283 -1.003 329 .260 3.842
EXPL_quant_health_ .004 .006 152 622 541 .346 2.889
step2
EXPL_quant_roads_ .006 .007 207 .864 .399 .362 2.765
step3
EXPL_qual_step_1_0_ -174 .501 -073 -.346 733 469 2.133

no_explanation_1_
wrong_explanation_of
behav

EXPL_qual_step_2_0_ -1.278 969 -527 -1.319 .203 130 7.702
no_explanation_1_
wrong_explanation_of_
behav

EXPL_qual_step_3_0_ 1.035 1.000 459 1.036 313 105 9.495
no_explanation_1_
wrong_explanation_of_
behav

EXPL_qual_step_4_0_ 1422 485 640 2.934 .009 435 2.297
no_explanation_1_
wrong_explanation_of

behav

TIME_EXPL_exploration_ .004 .004 .369 1.169 257 .208 4.805
step_1

TIME_EXPL_exploration_ -.003 .006 -175 -513 614 178 5.630
step_2

TIME_EXPL_exploration_ .006 .007 226 822 421 275 3.641
step_3

TIME_EXPL_exploration_ 7.545E-5 .000 .033 181 .858 .608 1.646
step_4

TIME_EXPL _reflection_1 -.001 .003 -.109 -409 .687 .290 3.449
TIME_EXPL _reflection_2 .002 .009 061 A71 .866 162 6.183
TIME_EXPL _reflection_3 -.006 .009 -270 -673 .509 129 7.748
TIME_EXPL _reflection_4 -.006 .003 -441 -1.842 .081 .361 2774
TIME_management_ .001 .002 .090 407 .689 425 2.354
page1

TIME_UNDERST_first_ .002 .002 .307 1.103 284 267 3.744
story_question

TIME_UNDERST .000 .001 100 551 588 626 1.598

second_story_question

a. Abhangige Variable: UNDERST_R_total
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Dependent variable: total number of described stratgy characteristics in
the embedded story questions

Koeffizienten®

Standardisiert

Nicht standardisierte e
Koeffizienten Koeffizienten Kollinearitats statistik
Regressionsk | Standardfehle
| Modell oeffizientB r Beta T Sig. Toleranz VIF
1 (Konstante) .004 669 .007 .995

EXPL_quant_edu_step1 -.003 .003 -.2563 -.982 .338 .260 3.842
EXPL_quant_health_ .005 .003 .350 1.568 133 .346 2.889
step2
EXPL_quant_roads_ .009 .004 492 2.249 .037 .362 2.765
step3
EXPL_qual_step_1_0_ 497 278 .344 1.792 .089 469 2.133

no_explanation_1_
wrong_explanation_of _
behav

EXPL_qual_step_2_0_ 132 536 .090 246 .808 130 7.702
no_explanation_1_
wrong_explanation_of_
behav

EXPL_qual_step_3_0_ -.367 554 -.268 -.662 516 105 9.495
no_explanation_1_
wrong_explanation_of_
behav

EXPL_qual_step_4_0_ 485 .268 .360 1.807 .087 435 2.297
no_explanation_1_
wrong_explanation_of

behav

TIME_EXPL_exploration_ .001 .002 138 A79 638 208 4.805
step_1

TIME_EXPL_exploration_ -.006 .003 -612 -1.960 .065 A78 5.630
step_2

TIME_EXPL_exploration_ .006 .004 .385 1.533 142 275 3.641
step_3

TIME_EXPL_exploration_ .000 .000 .088 522 .608 608 1.646
step_4

TIME_EXPL_reflection_1 .002 .002 208 .850 406 290 3.449
TIME_EXPL_reflection_2 -.002 .005 =112 -.342 736 162 6.183
TIME_EXPL_reflection_3 -.007 .005 -522 -1.425 170 129 7.748
TIME_EXPL_reflection_4 -.002 .002 -.233 -1.062 .301 .361 2774
TIME_management_ .001 .001 232 1.149 265 425 2.354
page1

TIME_UNDERST _first_ .002 .001 548 2.153 .044 267 3.744
story_question

TIME_UNDERST. .001 .000 240 1.445 165 626 1.598

second_story_question

a. Abhangige Variable: UNDERST_S_total
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Dependent variable: total number of correct answersn the multiple-choice
posttest

Koeffizienten®

Standardisiert

Nicht standardisierte e
Koeffizienten Koeffizienten Kollinearitats statistik
Regressionsk | Standardfehle
| Modell oeffizientB r Beta T Sig. Toleranz VIF
1 (Konstante) 2.461 1.022 2408 .027

EXPL_quant_edu_step1 -.004 .004 -279 -.998 .331 .236 4.237
EXPL_quant_health_ .007 .005 .302 1.308 207 .346 2.889
step2
EXPL_quant_roads_ .009 .006 .359 1.471 158 .309 3.233
step3
EXPL_qual_step_1_0_ .633 414 .301 1.529 144 AT7 2.098

no_explanation_1_
wrong_explanation_of _
behav

EXPL_qual_step_2_0_ 1.212 .809 568 1.497 152 128 7.787
no_explanation_1_
wrong_explanation_of_
behav

EXPL_qual_step_3_0_ -1.715 872 -.863 -1.967 .065 .096 10434
no_explanation_1_
wrong_explanation_of_
behav

EXPL_qual_step_4_0_ -.086 453 -.044 -.190 .852 .347 2.881
no_explanation_1_
wrong_explanation_of

behav

TIME_EXPL_exploration_ .002 .003 176 518 611 160 6.256
step_1

TIME_EXPL_exploration_ -.013 .005 -.849 -2.634 .017 A77 5.638
step_2

TIME_EXPL_exploration_ -.009 .009 -402 -1.066 .300 130 7.691
step_3

TIME_EXPL_exploration_ .006 .002 973 2.862 .010 160 6.269
step_4

TIME_EXPL_reflection_1 -.004 .003 -.356 -1.412 175 291 3439
TIME_EXPL_reflection_2 -.002 .008 -.089 -.256 .801 155 6.467
TIME_EXPL_reflection_3 .012 .009 605 1.285 215 .083 12.025
TIME_EXPL_reflection_4 -.003 .003 -274 -1.131 273 315 3.170
TIME_management_ .003 .001 432 1.773 .093 310 3.221
page1

TIME_UNDERST _first_ .003 .001 .581 2.139 .046 251 3.992
story_question

TIME_UNDERST. .000 .001 -.084 -401 693 424 2.359

second_story_question

a. Abhangige Variable: MC_post_total_correct
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