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SimScientists Current and Recent R&D 
Projects 

SimScientists Assessments: Physical Science Links (NSF DR K–12) 
SimScientists Human Body Systems (NSF DR K–12) 
SimScientists Assessment System (IES Measurement) 
SimScientists Model Progressions (IES Development) 

Calipers II: Using Science Simulations to Assess Complex Science 
Learning (NSF DR K–12) 

Foundations of 21st Century Science Assessments (NSF REESE) 
Multilevel Assessments of Science Standards (IES Measurement) 
SimScientists: Interactive Simulation-based Science Learning 

Environments (IES Development)  
Integrating Science Simulations into Balanced State Science 

Assessment Systems (OESE EAG) 
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Theoretical Foundations 

Evidence-Centered Assessment Design 

 Student Model 

What claims do 
you want to make 
about students’ 
knowledge and 
skills? 

Evidence Model 

How can student 
performance on 
the tasks be 
interpreted as 
evidence to 
support the 
claims? 

  Task Model   

What tasks 
prompt students 
to demonstrate 
the knowledge 
and skills? 

Mislevy, Almond & Lukas, 2004 
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Theoretical Foundations 

Model-Based Learning 

Model Formation 

Complex tasks 
prompt students 
to integrate 
knowledge with 
new information 

Model Evaluation 

Models may be 
rejected, revised, 
reinforced or 
enhanced based 
on the interaction 
with the task  

   Model Use    

Students try to 
make sense of 
phenomena as 
they complete 
the tasks 

Buckley, 2012; Gobert & Buckley, 2000 
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Theoretical Foundations 

Universal Design for Learning (UDL) and 
Computer-Based Testing (UD-CBT) 

Interactive Accessible 

Learner-Centered 

Rose & Meyer, 2002; Dolan, Rose, Burling, Harms & Way, 2007 



COPYRIGHT WESTED, 2014 

This%material%is%based%upon%work%supported%by%
%the%Na6onal%Science%Founda6on,%award%
%#1221614.%Any%opinions,%findings,%and%%

conclusions%or%recommenda6ons%expressed%%
in%this%material%are%those%of%the%authors%and%%

do%not%necessarily%reflect%the%views%of%the%%
Na6onal%Science%Founda6on.%

!SimScien(sts!Assessments:!Physical!Science!Links!
PI: Edys Quellmalz, Co-PIs: Matt Silberglitt, Daniel Brenner, Barbara Buckley, Mark Loveland (WestEd) • Contact: equellm@wested.org • Evaluator: Joan Heller (HRA)

www.simscientists.org 

BENCHMARK!ASSESSMENT!

RESEARCH!QUESTIONS!
Validity(of(the(assessments:(!
1.!How!well!do!the!embedded,!benchmark,!and!
signature!assessment!tasks!and!items!align!with!
the!Framework%for%KI12%Science%Educa6on,!NGSS!!
and!state!standards,!and!each!other?!
2.!How!well!do!assessment!tasks!and!items!meet!
standards!for!scien>fic!accuracy,!gradeAlevel!
appropriateness,!and!task!quality?!
3.!How!well!do!the!assessments!meet!technical!
standards!for!reliability!and!validity?!
Classroom(use(of(assessments:(!
4.!Can!teachers!implement!the!assessments?!!
5.!In!what!ways!do!teachers!integrate!the!
assessments!into!curricula!to!support!learning?!
6.!Do!teachers!and!students!find!the!simula>onA
based!assessments!valuable!for!monitoring!
progress,!adjus>ng!instruc>on,!and!repor>ng?!
7.!Are!students!engaged!in!the!assessments?!!
Policy(implica7ons:!
8.!Do!the!crossAvalida>on!studies!of!SimScien>sts!
assessments!in!mul>ple!states!support!their!
appropriateness!for!tes>ng!the!targeted!science!
knowledge!and!!prac>ces!across!curricula!and!as!
components!of!a!district!or!state!science!test?!
9.!Do!state,!county,!and!district!representa>ves!
consider!the!simula>onAbased!classroom!and!
yearAend!assessments!credible!components!of!
their!state!science!assessment!systems?!!

RESEARCH!DESIGN!
ASSESSMENT(DEVELOPMENT((2012–14)(
• Design and development 
• Alignment and quality review 
• Reflection activities  
• Online PD 
• Classroom feasibility testing !
PILOT(&(VALIDATION(STUDY((2015)(
• Two samples of 5 teachers with 4 
classes each, 500 students 

• Sample 1: Validate embedded, unit 
benchmark, pre/post, and year-end 
signature tasks 
• Sample 2: Post test and year-end 
signature tasks only!

CROSSNVALIDATION(STUDY((2016)(
• Two samples of 40 teachers with 1 
class each, 500 students 

• Sample 3: Full simulation suite 
• Sample 4: Post test and year-end 
signature tasks only 

Matter | Motion  |  Energy  | Waves 

SUMMATIVE!REPORT!!

YEAREEND!ASSESSMENT!

SIGNATURE!TASKS!

SUMMATIVE!REPORT!!

FORMATIVE!ASSESSMENT!PROCESS!

STUDENT!PROGRESS!REPORT!

TEACHER!REPORT!!

EMBEDDED!ASSESSMENT!

ADJUST!&!DIFFERENTIATE!

REFLECTION!ACTIVITIES!

PHASE!1—ASSESSMENT!DEVELOPMENT!
DATA(COLLECTION(
• Alignment and quality reviews  

• Energy and Waves 
• Classroom feasibility testing 

• 1 teacher, 5 classes, ~100 students 
• Two embedded assessments 
• Benchmark assessment  

ANALYSES(
• Descriptive statistics 
• Data mining 
• Classical psychometrics 
• IRT  

EVALUATION((
• Classroom!observa>ons!

RESULTS(AND(PRODUCTS(
• Evidence!of!technical!quality!
• Inform!revisions!to!assessments!
• Inform!planning!for!reflec>on!ac>vi>es!

CONTEXT!
The!SimScien>sts!program!is!developing!a!
mul>level!assessment!system!for!middle!school!
science.!This!PSL!project!will!create!forma>ve!
and!summa>ve!assessments!and!companion!
classroom!reflec>on!ac>vi>es!!for!four!of!the!
most!widely!taught!topics!in!middle!school!
physical!science:!MaLer,%Mo6on,%Energy,%and!
Waves.!The!project!is!in!the!design!!and!
development!!phase!!that!includes!feasibility!
studies!of!assessments!for!Energy%and!Waves,!
conducted!in!the!classrooms!of!two!teacher!coA
developers.!!

Theoretical 
Foundations 

Multilevel Assessment 
Systems 

Integrated assessment 
design—using common 
specifications to develop 
parallel tasks for different 
levels of the system 

Integrated report design
—gathering data from all 
levels of the system 
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Applying Evidence-Centered Design to 
NGSS 

Construct, use, and present arguments to 
support the claim that when the motion 
energy of an object changes, energy is 
transferred to or from the object.  

Construct arguments by … 
•  Using data as evidence to support a 

claim 

Claim 

Evidence 
Statement 
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Integrating Evidence-Centered Design & 
Model-Based Learning 

Model Level Descriptions 

Component What are the components of the system 
and their properties?  

Interaction How do the individual components 
interact?  

Emergent How are system behaviors and 
properties caused by interactions 
among components? 
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Applying Evidence-Centered Design & Model-Based 
Learning to the Next Generation Science Standards 

Model Level Descriptions 

 Component Kinetic energy 

 Interaction Energy transfer 

 Emergent Changes in motion 

MS-PS3-1 … relationships of 
kinetic energy to mass and speed 

MS-PS3-5 … when the motion 
energy of an object changes, 

energy is transferred to or 
from the object 
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Task Model 

Changes in Energy 

Energy Transfer? 

Changes in Motion 
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Demo 

Think 
What did you observe? 

How can you explain your 
observation? 

What evidence supports 
your explanation? 

Discuss in a pair 
Share with the group 
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Hands-On 

Small groups 

Discuss 
observations, 
explanations 
and evidence 
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Feedback 

What does three-dimensional 
assessment look like? 

Are we there yet? 
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Assessment Development 

Data Collection 
Alignment and quality reviews of energy and 

waves units 
Classroom feasibility testing of two embedded 

and one benchmark assessment 
Observations, formative evaluation 

Sample 
One teacher, 5 classrooms, ~100 Students 
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Analyses 

Descriptive statistics 
Data mining 
Classical psychometrics 
IRT 
Bayes’ Nets 
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Embedded Assessment 1 
Number of Tries to Correct 
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Embedded Assessment 1 
Data Dive 
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Embedded Assessment 1 
Data Dive 
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Embedded Assessment 1 
Data Dive 
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Embedded Assessment 1 
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Embedded Assessment 1 
Data Dive 
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Embedded Assessment 1 
Data Dive 
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Embedded Assessment 1 
Data Dive 
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Embedded Assessment 2 
Number of Tries to Correct 
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Next Steps 

Complete feasibility testing 
Revise assessments 
Pilot and validation study (2015) 
Cross-validation (2016) 
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Balanced Multilevel Assessment 
Systems 

1.  Reporting 
benchmark results 
alongside district 
and state data 

2.  Matrix sampling of 
short “signature” 
tasks from 
different topics 

SIMSCIENTISTS 
ASSESSMENT MODEL 

ECOSYSTEMS 
CELLS 

HUMAN BODY 
SYSTEMS 
GENETICS 

EVOLUTION 

FORCE & 
MOTION 
ATOMS & 

MOLECULES 
ENERGY 
WAVES 

CURRICULUM-EMBEDDED 
AND BENCHMARK 
ASSESSMENTS 

DEVELOPMENT OF 
SIMULATION-BASED 
ASSESSMENTS 

DISTRICT ASSESSMENTS 

STATE ASSESSMENTS 1 

1 2 

2 
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Side-by-Side Model 
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Signature Task Model 
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SimScientists Recent Publications 
Davenport, J. L., & Quellmalz, E. S. (in press). Assessing science inquiry and reasoning using dynamic visualizations 

and interactive simulations. Forthcoming chapter in Learning from Dynamic Visualizations: Innovations in 
Research and Practice. 

Quellmalz, E. S., Davenport, J. L., Timms, M.J., DeBoer, G.E., Jordan, K.A., Haung, C., & Buckley, B.C. (2013). Next-
generation environments for assessing and promoting complex science learning. J Ed Psych, 51, 523-554.  

Buckley, B. C., & Quellmalz, E. S. (2013). Supporting and assessing complex biology learning with computer-based 
simulations and representations. In D. Treagust & C.-Y. Tsui (Eds.), Multiple Representations in Biological 
Education (pp. 247-267). Dordrecht: Springer. 

Quellmalz, E. S., Timms, M. J., Silberglitt, M. D. & Buckley, B. C. (2012). Science assessments for all: Integrating 
science simulations into balanced state science assessment systems. Invited article, Journal of Research in 
Science Teaching (JRST), 49, 363–393.  

Quellmalz, E. S., Timms, M. J., Buckley, B. C., Davenport J., Loveland, M., & Silberglitt, M. D. (2012). 21st century 
dynamic assessment. In M. Mayrath, J. Clarke-Midura, & D. H. Robinson (Eds.), Technology-based assessments 
for 21st century skills: Theoretical and practical implications from modern research (pp. 55–90). Charlotte, NC: 
Information Age.  

Quellmalz, E. S., Silberglitt, M. D., & Timms, M. J. (2011). How can simulations be components of balanced state 
science assessment systems? Policy brief. San Francisco: WestEd. 

Quellmalz, E. S., Timms, M. J., & Buckley, B. C. (2010). The promise of simulation-based science assessment: The 
Calipers project. International Journal of Learning Technologies, 5(3), 243–265.  

Quellmalz, E. S., DeBarger, A. H., Haertel, G., Schank, P., Buckley, B., Gobert, J., Horwitz, P., & Ayala, C. (2008). 
Exploring the role of technology-based simulations in science assessment: The Calipers Project. In J. Coffey, R. 
Douglas, & C. Stearns (Eds.), Science assessment: Research and practical approaches (pp. 191–202). WDC: 
National Science Teachers Association.  
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Contact Information 

Website:   
www.simscientists.org 

Email:   
equellm@wested.org 
msilber@wested.org  


