1) Toward Characterizing Best-Practice Pedagogy for Inquiry in Simulation-Based Leaning Environments
2) Measuring Inquiry Cycles in Simulation-Based Leaning Environments
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“Black Box” SimForest

Dearlest Y Ortiogors ) Sunmary Y Prosrti

Lot tue

il Fert:1ity {200

e

Gt sty

2 =

il vt
<

MAMIIASOIE

Yo
ar

egree do: [2406.00]

_m

2
%0,
306490°9°°0000
w

0
JFWAMIIASOIT
sverage el

Black Box SimForest: Env. Properties E

“Glass Box” SimForest
(& Glass Box Simulations)

Method: Glass box version has been implemented but not used
or tested yet in clinical or classroom contexts.

i Glass Box Free-box
SBCBOX | g main-Specific | Modeling
Simulations . .

Simulations Systems
Ex: SimCity | ERSIENS £, Logo, Stella

- Start with full worki listic model
- Domain specific conceptual support for each equation

Equation Editor, Equation Inspector,
Species Table, Simulation, Graph
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College Classroom Observations

d: observation notes from 14 instructional sessions by an
experienced inquiry-based teacher over several semesters,
including a total of 51 college students using SimForest in
classroom or mock-classroom contexts.

Time on Group vs Whole Class Work:

Sessions (1 to 1.5 hours ) were dynamically organized into cycles of
divergent indivi i work and 1t full-class di: i

On the average the instructor cycled between whole class and
independent work about 4 times; or every 20 minutes.

Students were able to engage in about 1 to 3 inquiry cycles (see other
chart) for each larger classroom cycle.

Conclusion: We see "20 minute segments” and "1 to 3 inquiry cycles"
as a measure of how "far" into independent work the instructor let the
students go before bringing everyone together to synthesize what was
discovered and giving those who might be stuck the opportunity to ask
questions in a full class context.

Observed Teaching Methods:
Collaborative Inquiry & Distributed Probl. Solving

1. Alternating 'gent and diverg . The instructor was
facile with a spectrum of open to closed activities, and usually ran the
class as a pre i of whole class i and

divergent simulations-based episodes.

2. Additive knowledge. The entire class is given a very open ended task,
such as "run the simulation and note what you observe." The class
then reconvenes to share what they learned, compare, synthesize, and
combine findings.

3. Breadth search. In a related method, each group is allowed to pose
their own inquiry question and investigate. When they reconvene
students are exposed to issues and information beyond what they
would have had time to explore on their own.
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4. ing” (a term borrowed from a computer science
search). Students were allowed to explore a parameter space
unsystematically. Usually at least someone in the class will come near
a solution. It is usually then followed by a more systematic approach
as described below.

5. Jigsaw method state space search. We saw several cases of the
instructor dividing a search space and assigning components of it to
groups. For example the instructor organized a systematic exploration
of a multi-variable space of temperature, soil quality, and rainfall
conditions, asking each group to chose one of these to vary which
keeping the other parameters fixed at a value that, through a simulated
annealing method, was found to be close to a solution.

. Collaborative hypothesis confirmation. Finally, we observed several
sessions in which the instructor assigned groups with conditions to test
alternate hypotheses.
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Measuring Inquiry Cycles

Method: In clinical settings, taped four pairs of college students
using the software and analyzed video transcripts (sample
data analysis above).

Results:

. One can clearly see the occurrence of inquiry "cycles" in the
data. The cycles do not always include all of the normal steps
of inquiry, but there is a clear pattern.

. Most of the cycles do not involve posing a new hypothesis, but
rather students start a new experiment after making a verbal
observation or conclusion, or after realizing they need to
redesign the experiment to obtain the results they desire.

. The average inquiry cycle over all subjects is approximately 10
minutes in length.
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Teacher Professional Development
& Middle School Evaluations

Method: 8 middle school participants; Science and technology
teachers; One week summer institute; Two semesters of
SimForest use in classrooms. Data types: classroom
observations, teacher interviews, questionnaires and journals,
student inquiry skill pre-post evaluation.

g f 77 Kie ) 5*';
| d it
1. A R/ b

Sample curriculum and teacher resources:

Leat Shapes.

Correspondence Between
Lessons and Conceprs:

il SLETES

trunk diameter over time

(based on field obs

water factor**
oil utrint factor*

Three Evaluation Tranéfer Taéks:
“Worms”, “Fish”, & “Flowers”

Given: description of situation and question
A. State a prediction
B. Describe an experiment
C. Reflect on the experiment
D. Construct a graphical representation of the prediction
E. Reflect on uncertainty in science
F. Critique an experimental design

Sample student respond to step D

Shows problems with correspondence to prediction, with
constructing axes, and with data plotting
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Step A: “I think that the more
water, the more worms”
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Eg. Coding Rubric

For step B “describe your experiment”

|. Systematic variation of the independent variable.

Il. Measures the dependent variable.

Ill. Holds other things constant.

IV. Is feasible to do.
Is specific and quantitative (measure how often; how many
fish?).

. Deals with random variation (n>1, e.g. ave. over 10 fish in
each tank; ave. over repeated experiment

Results:

(Analysis in process...)
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