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Project Overview Principled -Design Process Classroom Studies

Preliminary results from studies in high school Physics classrooms

Employs novel computational paradigm that combines /Domain Analysis \ / Domain Modeling \ /Task and Rubric Development* \ in Nashville, Tennessee.
. Visual programming Multiple  Analyses : Pre-Post, Embedded Assessments, Video

Analyses, PFL Assessments
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Challenge -based, evidence -centered design of STEM Synergl StIC Learnlng TOOI S Conceptual Modeling supports

curricula to meet NGSS & state science standards . . Learning Gains p-value: 0.073 Learning Gains p-value: 0.045
Computational Modeling: enables

Low threshold, wide walls, high ceiling -accomplished using : ; : : _
domain-specific block structured languages to support Computatlona.l MOde"_ng Ple(ljngln%,l nglem Form_u_latllon, Embedded Assessment Cases, Pilot Study
learning - Key to synergistic learning of STEM + CT and Problem Decomposition: Example solutions illustrating challenges students have with
Coupled multi -level representations  to support learning: » Uses coupled representations | | integrating physics and CTin a computational modeling task.
conceptual modeling & inquiry components offer new forms « Conceptual Modeling used to frame computational modeling Enhancing Inquiry
of exploring & decomposing STEM domain problem | B

_ : _ : : : : « Computational modelconstructed from domain-specific blocks : : neorrect
Synergistic Learning :emphasis on integrating CT with . Model Execution structure From racing sloths to conducting s ZSLE?!;W
existing science curricula —complements CS4All programs . Initialization block + Run block experiments on the effects of gravity, we bk === s
Simultaneous assessments for STEM & CT  : Utilize ECD & « Step-by step model (simulation step, At) have added unique inquiry tools for D
PFL assessments for studying learning performance and . Visualize model execution engaging and motivating STEM learning. Iorcty e o s e prodc
behaviors . Animation, inspecting variable values, generating plots Prior to building their own simulations, students can run tests,

use scientific tools (e.g., our graphing component), and compare : : , :
Domain -Specific STEM results with expert model code to inspire powerful ideas! Video Analysis of a Students’ Debugging Process,

Programming Blocks provide the _ _ Classroom Study
Collaborative Problem Solving

grounding for Synergistic . TASK:
. Move packages with the drone
Learning

Drop Package 1 on Target 1,
then Package 2 on Target 2

Collaborative model building to support interaction &
problem-solving skills

Involve teachers in curriculum development and support
for classroom activities

Model Building and Problem solving
in groups of two or three

PROBLEM: Student’s Response:
CZSTEM Inst t | D . e Students share workspace s gy oo
. * Adds a “change x position”
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Learning by Modeling —learn Physics by building e  Physics domain concepts task understanding, planning AU N - crorges xveloctyol
simulation models of physical processes (e.g., movement of a7 4 » Program development and strategy use, monitoring, overcoming RESEERIEAAEE -
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. Step by step modeling approach (introduce students to . distinguishes how well PFL Assessments . T Debugging: Success ST s o
_COHCGPt Otf simulation step; relations expressed m At students express physics . Preparation for Future Learning R "
In Cr e m e n S . . . ] - o The rate of change in an object’s position, Az/At, is called velocity, YSiCS .
) - - - o re Iat IO n S h I-p S fro m th e Ir -u S e Of (PFL) assessments p ro Vld e # The rate of change in an object’s velocity, Av/Af, is called acceleration. C::r:cept: I .(I-.:Eirrr:EiL:]tgatlonal
° . . . thn we talk about thess changes, we define A as the difference betwen two measurements. This might be » Relative EOCit‘? S Dehieriie fade
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QUESTION: Imagine that 2 car is moving along a horizontal track. Its initial position is_3m along the track,
its initial velocity is 1m/s, and its initial acceleration is 4mj/s®. For the entire rids, the jerk is 2m/s®.

Evidence -Centered Design (ECD) applied to developing PFLmeasures focus on students’ Responses were initially coded for problem-solving approaches:

i —- : : : . . _ !Eer 39:300%, that is tihe app.ruxim;fe position of t.‘!_; car? Keep your anawer to one signifieant figure. “ i, ] . . . . _
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: : : ample task and rubric P e o s g vl o e comect i a1 o - « | c 1 o Y. SO m ' a.. findi ' i iti =
» Align with NGSS standards and classroom curricula add reis ing the integrated learning ,  Commecs baynking o b movg vl v bt peedie computational constructs and CT T 75 s . | o :Enxtteerr\]/ : ilcjheo?‘ I;:llcr)l \(/jvlr? ?(i?]%crri Iaetriiil?g Fr:l/eLIII(;(:elt}/ él?tr;(:np ? |SnIt Iotg ?r:otd if1 ’ : , >
- P - e . : et practices while learning new STEM |~~~ —~ . ) pting y
o Cre ate effe CtIVG SynerQIStIC Iearn Ing OppOI’tUﬂ ItIES goal. Deve |Op a CompUtatlonal s Pogram mokesthe disinction baten acons thatneed 1o hapan ance darg - _ o _ X 3 0 2s 50 - eXlS'“ng formula to account for Jerk
through embedded assessments model that simulates 1-D, CONStaNt e b it topics within and outside of e Negative direct transfer of kinematics formulae - application of
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Classroom Activities in C2STEM 2]
e /nstructional Tasks - highly scaffolded with the goal of 0

Step-by-Step Formula Extension Negative Transfer

focusing student attention on the learning and application of of Typical Formula

primary Physics & CT concepts, often one ata time

o Model Building - students apply their learned Physics + CT
concepts to build computational models of relevant Physics
phenomena.

e Formaltive Assessments — Assess student learning with
multiple choice, short answer questions, &small
computational model building exercises.

e Challenge Problems —comprehensive;test students’abilities
to put together all concepts & practices to build a
computational modelthat solves a difficult problem.

Student Strategy

Takeaways

e Aprincipled evidence-centered design process supported the
alignment of curriculum and formative assessments

e System integrated well with classroom instruction

e Initial analyses provide evidence for the synergistic learning of
Physics + CT concepts and practices

e Students were able to overcome difficulties in understanding
relations between velocity and acceleration, relative velocities, gravity
as acceleration, resultant forces, & frictional forces

e Debugging,an important CT practice —supported model building

This material is based in part upon work supported by the National Science Foundation under NSF Award DRL -1640199. Any opinions, findings, and
conclusions or recommendations expressed in this material are those of the author(s) and do not necessarily reflect the views of the National Science
Foundation.
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