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Synergistic Learning Tools

Employs novel computational paradigm tha t com bines 
• Visua l p rogram m ing 
• Dom ain  specific m ode ling languages (DSMLs) 
• Learn ing by Mode ling and  Sim ula tion

for synergistic STEM + CT Learning in  K-12 classroom s

Pre lim inary resu lts from stud ie s in h igh school Physics classroom s
in Nashville , Tennessee .
Multiple Analyses : Pre -Post, Em bedded Assessm ents, Video
Analyses, PFL Assessm ents

High school Physics Honors Kinematics + Mechanics
Learning by Modeling – lea rn  Physics by bu ild ing 
sim ula tion  m ode ls of physica l p rocesses (e .g., m ovem ent of 
ob jects)
• Step  by step  m ode ling approach  (in troduce  studen ts to  

concep t of sim ula tion  step ; re la tions expressed  in  Δt 
increm ents)

• Crea tes syne rgistic lea rn ing opportun itie s

Evidence -Centered Design (ECD) applied  to  deve lop ing 
curricu la r m odules and  em bedded  assessm ents
• Align  with  NGSS standards and  classroom  curricu la  
• Crea te  e ffective  syne rgistic lea rn ing opportun itie s 

th rough  em bedded  assessm ents

Preparation for Future Learning (PFL) assessm ents to  
study transfe r of lea rn ing

Classroom Activities in C2STEM
● Instructional  Tasks - h igh ly scaffolded  with  the  goa l of 

focusing studen t a tten tion  on  the  lea rn ing and  applica tion  of 
p rim ary Physics & CT concepts, often  one  a t a  tim e

● Model Building – students app ly the ir lea rned  Physics + CT 
concepts  to  bu ild  com puta tiona l m ode ls of re levan t Physics 
phenom ena .

● Formative Assessments – Assess studen t lea rn ing with  
m ultip le  choice , short answer questions, & sm all 
com puta tiona l m ode l bu ild ing exe rcises.

● Challenge Problems – com prehensive ; te st studen ts’ ab ilitie s 
to  pu t toge the r a ll concep ts & practices to  bu ild  a  
com puta tiona l m ode l tha t solves a  d ifficu lt p rob lem . 
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C2STEM Highlights

Collaborative Problem Solving

PFL Assessments

Model Building and Problem solving 
in groups of two or three
• Studen ts share  workspace  
• Crea te  shared  represen ta tions 

(m ode ls) and  shared  understanding
• Socia lly shared-regu la tion  supports 

ta sk understanding, p lann ing, 
stra tegy use , m onitoring, ove rcom ing 
d ifficu ltie s, and  m otiva tion

• Preparation for Future Learning 
(PFL) assessments provide  
opportun itie s to  lea rn  during the  
assessm ent 

• PFL m easures focus on  studen ts’ 
ab ility and  propensity to  apply 
com puta tiona l constructs and  CT 
practices while  lea rn ing new STEM 
topics with in  and  ou tside  of 
kinem atics. 

• Key to synergistic learning of STEM + CT
• Uses coupled  represen ta tions
• Conceptua l Mode ling used  to  fram e  com puta tiona l m ode ling 

problem
• Com puta tiona l m ode l constructed  from  dom ain-specific b locks

• Model Execu tion  structu re
• In itia liza tion  b lock + Run  b lock
• Step-by step  m ode l (sim ula tion  step , Δt)

• Visua lize  m ode l execu tion
• Anim ation , inspecting variab le  va lues, gene ra ting p lo ts

From  racing slo ths to  conducting 
experim ents on  the  e ffects of gravity, we  
have  added  un ique  inqu iry tools for 
engaging and  m otiva ting STEM learn ing. 

Conceptual Modeling supports 
Computational Modeling: enables 
Planning, Problem Formulation, 
and Problem Decomposition!

Embedded Assessments
Integrated assessments tasks 
using task design specifications
• Addresses
• Physics dom ain  concepts 
• Program  deve lopm ent and  

debugging
• Rubric 
• distingu ishes how we ll 

studen ts express physics 
re la tionsh ips from  the ir use  of 
program m ing concepts in  the  
com puta tiona l m ode l

✓ Challenge -based, evidence -centered design of STEM 
curricu la  to  m ee t NGSS & sta te  science  standards

✓ Low threshold, wide walls, high ceiling : accom plished  using 
dom ain-specific b lock structu red  languages to  support 
lea rn ing

✓ Coupled multi -level representations to  support lea rn ing: 
conceptua l m ode ling & inqu iry com ponents offe r new form s 
of exploring & decom posing STEM dom ain

✓ Synergistic Learning : em phasis on  in tegra ting CT with  
existing science  curricu la  – com plem ents CS4All p rogram s

✓ Simultaneous assessments for STEM & CT : Utilize  ECD & 
PFL assessm ents for studying lea rn ing pe rform ance  and  
behaviors

✓ Collaborative model building to  support in te raction  & 
problem -solving skills

✓ Involve teachers in  curricu lum  deve lopm ent and   support  
for classroom  activitie s

Takeaways

Pre-Post Kinematics + CT Results, Classroom Study

Embedded Assessment Cases, Pilot Study

Video Analysis of a Students’ Debugging Process, 
Classroom Study

• A princip led  evidence-cen te red  design  p rocess supported  the  
a lignm ent of curricu lum  and  form ative  assessm ents

• System  in tegra ted  we ll with  classroom  instruction
• In itia l ana lyses p rovide  evidence  for the  synergistic lea rn ing of 

Physics + CT concep ts and  p ractices 
• Studen ts were  ab le  to  overcom e d ifficu ltie s in  understand ing 

re la tions be tween  ve locity and  acce le ra tion , re la tive  ve locitie s, gravity 
as acce le ra tion , re su ltan t forces, & frictiona l forces

• Debugging, an  im portan t CT practice  – supported  m ode l bu ild ing

STEM+C PI Meeting

Exam ple  task and  rubric 
addressing the  in tegra ted  learn ing 
goa l: Deve lop  a  com puta tiona l 
m ode l tha t sim ula tes 1-D, constan t 
ve locity m otion  using add ition  of 
ve locity vectors tha t occur on ly 
under particu la r cond itions.

Responses were  in itia lly coded  for p rob lem -solving approaches:  
● “Step-by-step” - ana lyzing the  p rob lem  in  ite ra tive , d iscre te  tim e  

in te rva ls, e .g., find ing acce le ra tion , ve locity, and  position  a t t = 1, 2, 3 s
● Extension  of known kinem atics form ulae  - a ttem pting to  m odify an  

existing form ula  to  account for je rk
● Negative  d irect transfe r of kinem atics form ulae  - app lica tion  of 

existing form ulae  withou t accounting for je rk

Exam ple solu tions illustra ting cha llenges studen ts have with
in tegra ting physics and CT in a com puta tiona l m ode ling task.

Domain -Specific STEM 
Programming Blocks provide the 
grounding for Synergistic 
Learning

Enhancing Inquiry

Prior to  bu ild ing the ir own sim ula tions, studen ts can  run  te sts, 
use  scien tific tools (e .g., our graph ing com ponent), and  com pare  
re su lts with  expert m ode l code  to  insp ire  powerfu l ideas!

• Exem plar ta rge ts the  kinem atics concept of je rk

Learn ing Gains p-va lue : 0.073

PFL Results Support 
Synergistic Learning - Classroom Study

Learn ing Gains p-va lue : 0.045
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