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SimScien'sts	
  Assessment	
  Goals	
  

•  Design	
  	
  simulation	
  environments	
  that	
  model	
  dynamic	
  
science	
  system	
  phenomena	
  	
  “in	
  action”	
  

•  Create	
  simulation-­‐based	
  assessments	
  and	
  curriculum	
  
supplements	
  to	
  assess	
  and	
  promote	
  NGSS	
  

•  Provide	
  evidence	
  of	
  	
  
–  impacts	
  on	
  science	
  learning	
  
–  	
  technical	
  quality	
  
–  feasibility	
  of	
  implementation	
  
–  potential	
  in	
  balanced	
  state	
  science	
  assessment	
  system	
  



COPYRIGHT WESTED, 2013 

SimScien'sts	
  Assessment	
  Suites	
  
(Curriculum-­‐embedded	
  Assessments	
  and	
  Unit	
  Benchmark)	
  

Life	
  Science	
  
– Ecosystems	
  
– Cells	
  
– Human	
  Body	
  Systems	
  
– Genetics	
  
– Evolution	
  

Physical	
  Science	
  
– Force	
  and	
  Motion	
  
– Atoms	
  and	
  Molecules	
  
– Energy	
  
– Waves	
  

Earth	
  Science	
  
– Plate	
  tectonics	
  
– Climate	
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Research	
  Foci	
  
•  Assessment	
  validity	
  and	
  quality	
  	
  

–  Alignment	
  with	
  the	
  NGSS	
  an,	
  other	
  national	
  and	
  state	
  standards	
  
–  Standards	
  for	
  scientiYic	
  accuracy/appropriateness,	
  grade-­‐level	
  appropriateness,	
  

and	
  item	
  and	
  task	
  quality	
  
–  Psychometric	
  standards	
  for	
  reliability	
  and	
  validity	
  	
  

•  Classroom	
  use	
  of	
  assessments	
  
–  Usability	
  
–  Integration	
  into	
  their	
  existing	
  curriculum	
  
–  Valuable	
  for	
  monitoring	
  learning	
  progress,	
  adjusting	
  instruction,	
  and	
  reporting	
  

proYiciencies	
  
–  Students	
  engagement	
  

•  Policy	
  implications:	
  
–  Appropriateness	
  as	
  components	
  of	
  a	
  district	
  or	
  state	
  science	
  test	
  
–  Credible	
  components	
  of	
  their	
  state	
  science	
  assessment	
  systems	
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Theory and Research Base 

Integrates	
  research	
  on	
  
•  Model-­based	
  learning	
  (Buckley,	
  2012;	
  Gobert	
  &	
  Buckley,	
  2000)	
  

System	
  Framework-­‐components,	
  interactions,	
  and	
  emergent	
  
system	
  behavior	
  

The	
  formation,	
  use,	
  evaluation	
  and	
  revision	
  of	
  mental	
  models	
  of	
  
complex	
  science	
  systems	
  

•  Evidence-­centered	
  assessment	
  design	
  (Mislevy	
  et	
  al,	
  2003)	
  
A	
  systematic	
  assessment	
  development	
  process	
  that	
  links	
  targets,	
  
tasks	
  &	
  data	
  

•  Cognitive	
  science	
  
Guides	
  design	
  and	
  use	
  of	
  representations	
  &	
  interactions	
  in	
  tasks	
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Next	
  Genera'on	
  Science	
  Standards	
  
Addressed	
  in	
  Life	
  Science	
  Examples	
  	
  

Crosscutting	
  concepts	
  
	
  System	
  and	
  system	
  models	
  
	
  Energy	
  and	
  matter:	
  Flows,	
  cycles,	
  and	
  conservation	
  
	
  Structure	
  and	
  function	
  

Life	
  science	
  core	
  ideas	
  
	
  Ecosystems:	
  Interactions,	
  energy	
  and	
  dynamics	
  	
  
	
  Human	
  Body	
  Systems:	
  Organ	
  systems	
  work	
  together	
  to	
  maintain	
  a	
  stable	
  internal	
  
environment	
  and	
  enable	
  whole	
  body	
  functions	
  

Science	
  practices	
  
	
  Developing	
  and	
  using	
  models	
  
	
  Planning	
  and	
  carrying	
  out	
  investigations	
  
	
  Analyzing	
  and	
  interpreting	
  data	
  
	
  Constructing	
  explanations	
  
	
  Engaging	
  in	
  argument	
  from	
  evidence	
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Ecosystems	
  Target	
  Model	
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Model Progressions 

•  Simulation-­‐based	
  assessments	
  address	
  
progressive	
  understanding	
  across	
  topics	
  of	
  
–  	
  Crosscutting	
  concepts	
  	
  

• E.g.,	
  Systems	
  and	
  System	
  Models	
  
	
  System	
  Framework:	
  components,	
  interactions,	
  and	
  
emergent	
  system	
  behavior	
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Learning Trajectories 

•  Simulation-­‐based	
  assessments	
  address	
  progressive	
  
understanding	
  of	
  core	
  ideas	
  for	
  a	
  particular	
  system	
  
applied	
  to	
  real	
  life	
  problems	
  using	
  the	
  science	
  and	
  
engineering	
  practices	
  

• Core	
  Ideas:	
  	
  
–  E.g.,	
  Human	
  Body	
  Systems,	
  Ecosystems	
  

•  Science	
  and	
  Engineering	
  Practices:	
  	
  
–  E.g.,	
  Building	
  and	
  using	
  models,	
  planning,	
  conducting,	
  analyzing	
  
investigations,	
  constructing	
  explanation,	
  critiquing	
  arguments	
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Design Principles from Cognitive Science 
and Multimedia Learning Literature 

•  Cognitive	
  science	
  
–  Types	
  of	
  knowledge	
  

•  declarative,	
  procedural,	
  schematic,	
  strategic	
  
•  integration	
  of	
  knowledge	
  
•  active	
  application	
  of	
  processes	
  

•  Multimedia	
  research	
  
–  E.g.,	
  minimize	
  extraneous	
  processing	
  
–  Attention	
  guiding,	
  cueing,	
  signaling	
  
–  Coherence,	
  contiguity	
  
–  Progressive	
  complexity,	
  segmentation	
  
–  User	
  control	
  
–  Modality	
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Technology	
  Affordances	
  
•  Animations	
  of	
  dynamic	
  science	
  system	
  phenomena	
  

–  Can	
  observe,	
  review,	
  gather	
  evidence	
  
•  Simulation-­‐based	
  investigations	
  

–  Permit	
  multiple	
  trials	
  
–  Permit	
  saving	
  trials	
  
–  Data	
  inspector	
  
–  Explicit	
  responses	
  and	
  log	
  Yile	
  data	
  (e.g.,	
  sequence,	
  time)	
  

•  Multiple,	
  simultaneous	
  representations	
  
•  Highlighting	
  
•  Zoom	
  
•  Drawing	
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Figure	
  2.	
  Mul'ple	
  modes	
  of	
  
representa'on	
  

Organism	
  box	
  shows	
  icons	
  
that	
  appear	
  and	
  disappear	
  

Graph	
  shows	
  size	
  of	
  
population	
  over	
  time.	
  

Data	
  inspector	
  shows	
  population	
  
for	
  one	
  point	
  on	
  graph.	
  

Table	
  shows	
  population	
  at	
  start,	
  end,	
  
and	
  point	
  selected	
  by	
  data	
  inspector.	
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Task	
  Models	
  

Simulation	
  Environments	
  —	
  for	
  science	
  systems	
  
	
  	
  physical	
  science,	
  	
  life	
  science,	
  earth	
  science	
  

Benchmark	
  Assessments	
  —	
  one	
  per	
  topic	
  
	
  summative	
  
	
  end-­‐of-­‐unit	
  
	
  one	
  period	
  

Embedded	
  Assessments	
  —two	
  to	
  three	
  per	
  topic	
  
	
  formative	
  
	
  inserted	
  during	
  unit	
  
	
  one	
  period	
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SimScientists Assessments 
Embedded & Benchmark 

Embedded Assessment + Reflection Activity Regular	
  
Instruction	
  

Benchmark Assessment 	
  Regular	
  
Instruction	
  

Regular	
  
Instruction	
   Embedded Assessment + Reflection Activity 
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Task	
  Models	
  
Embedded	
  Assessments	
  

•  Immediate	
  feedback	
  
•  Autoscored	
  
•  Self-­‐assessment	
  

•  criteria	
  
•  sample	
  appropriate	
  response	
  

•  Customized,	
  graduated	
  coaching	
  
•  Off-­‐line	
  self-­‐assessment/reYlection	
  activities	
  for	
  
adjusting	
  instruction,	
  transfer,	
  collaboration,	
  
communication	
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Task Model: 
Example from Energy Embedded Assessment 

Changes in Energy 

Energy Transfer? 

Changes in Motion 
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Task Types 

•  Explain	
  
•  Describe	
  evidence	
  
•  Justify	
  or	
  critique	
  
claims	
  

•  Revise	
  and	
  evaluate	
  
(embedded	
  only)	
  

•  Construct/use	
  models	
  
•  Analyze	
  data	
  

•  Predict/observe/
explain	
  

•  Predict/test/evaluate	
  
•  Design	
  investigations	
  

–  Design/revise/evaluate	
  
–  Conduct/analyze/
conclude	
  

•  Design	
  solutions	
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Response Types 

•  Multiple	
  choice	
  
•  Multiple	
  yes/no	
  

•  Constructed	
  response	
  
–  Text	
  
–  Draw	
  arrows	
  
–  Drag	
  and	
  drop	
  
– Manipulate	
  variables	
  
–  Generate	
  graphical	
  
displays	
  

–  Produce	
  multiple	
  
solutions	
  

–  Save	
  solutions	
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Evidence	
  Model	
  

•  Auto-­‐scored	
  selected	
  responses,	
  arrows,	
  etc	
  
•  Constructed	
  responses	
  

•  Rubrics	
  for	
  teachers	
  and	
  students	
  
•  Benchmark	
  assessments	
  

•  Score	
  reports	
  by	
  standard/target	
  
•  Bayesian	
  networks	
  

•  Embedded	
  assessments	
  
•  Algorithm-­‐based	
  progress	
  levels	
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SimScien'sts	
  Assessments	
  

Curriculum-­‐Embedded	
  Assessment	
  	
  
DEMO	
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Forma've	
  Assessment	
  Features	
  within	
  the	
  
Simula'on-­‐based	
  Embedded	
  Assessments	
  

•  Immediate	
  feedback	
  	
  
–  On	
  core	
  ideas/misconceptions	
  
–  On	
  practices	
  

•  	
  Graduated	
  coaching	
  	
  
•  Progress	
  Report	
  	
  

–  On	
  Track,	
  Making	
  Progress,	
  Needs	
  Help	
  by	
  content	
  and	
  practices	
  targets	
  
•  For	
  individual	
  student	
  
•  Teachers	
  

–  Class	
  summary	
  with	
  drill-­‐down	
  into	
  student	
  detail	
  
–  Used	
  to	
  suggest	
  teams	
  and	
  groups	
  for	
  jig-­‐saw	
  structured	
  
reYlection	
  activities	
  that	
  adjust	
  instruction	
  and	
  support	
  
collaboration	
  and	
  discourse	
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Sample	
  Progress	
  Reports	
  to	
  Students	
  
Ecosystems	
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  NH	
  =	
  needs	
  help	
   	
  P	
  =	
  making	
  progress	
   	
  OT	
  =	
  on	
  track	
  

Embedded	
  Progress	
  Report:	
  	
  
Class	
  Summary	
  
Ecosystems	
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Embedded	
  Progress	
  Report	
  for	
  
Ecosystems:	
  Student	
  Details	
  

SE	
  

Student 1 

Student 2 

Student 3 

Student 4 

Student 5 

Student 6 

Student 7 

Student 8 

Student 9 
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Classroom	
  Reflec'on	
  Ac'vity	
  

•  Formative	
  use	
  of	
  assessment	
  results	
  
–  Students	
  assigned	
  to	
  teams	
  based	
  on	
  embedded	
  results	
  

•  Transfer	
  to	
  different,	
  more	
  complex	
  system	
  
•  Jigsaw	
  structure	
  

–  Allows	
  differentiated	
  instruction	
  via	
  tasks	
  of	
  varying	
  
difYiculty	
  

–  Promotes	
  small	
  and	
  large	
  group	
  discourse	
  and	
  
collaboration	
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Analyses 

•  Descriptive	
  statistics	
  
•  Classical	
  psychometrics	
  
•  IRT	
  
•  Bayes’	
  Nets	
  
•  Exploratory	
  data	
  mining	
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Embedded Assessment 1 
Number of Tries to Correct 

0.00#

1.00#

2.00#

3.00#

4.00#

5.00#

6.00#

1# 2# 3# 4# 5# 6# 7# 8# 9# 10# 11# 12# 13# 14# 15# 16# 17# 18# 19# 20# 21# 22# 23# 24# 25# 26# 27# 28#

Mean#

Median#

SD#

n=100 
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Embedded Assessment 1 
Proportion Correct on Try 1 
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Embedded Assessment 1 
Point Biserial for Try 1 
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Embedded Assessment 1 
IRT Analysis and Wright Map 
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Embedded Assessment 1 
Excerpt of Bayes’ Net 

explainKinetic.sameSpeed explainKinetic.alwaysM… explainKinetic.givenMass explainKinetic.alwaysHig… 

onTrack 
Progressing 
needsHelp 

Construct Explanation 

onTrack 
Progressing 
needsHelp 

onTrack 
Progressing 
needsHelp 

onTrack 
Progressing 
needsHelp 

Changes in motion 

Core ideas Practices 
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Triangulation 
Cognitive Lab (Think Aloud) 

Psychometric Analysis 

Classroom Observation 
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Energy Embedded Assessment  
Excerpt of Data Mining 
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Validation Design 

Year 3 
Pilot & Validation 

Year 4 
Cross-Validation 

Sample 1:  
5 teachers (20 classrooms, 500 
students)  
Use embedded, benchmark, pre/
post, signature tasks 

Sample 3:  
20 teachers (20 classrooms, 500 
students)  
Use embedded, benchmark, pre/
post, signature tasks 

Sample 2:  

5 teachers (20 classrooms, 500 
students)  

Only post test, signature tasks 

Sample 4:  

20 teachers (20 classrooms, 500 
students)  

Only post test, signature tasks 
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Balanced,	
  Mul'level	
  Assessment	
  System	
  
Models	
  

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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!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.!!

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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Side-by-Side Model 



COPYRIGHT WESTED, 2013 

Signature Task Model 
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Research	
  Findings	
  	
  

Impacts	
  on	
  learning	
  
•  Two	
  assessment	
  suites	
  in	
  2	
  states	
  with	
  26	
  teachers	
  and	
  3,694	
  students	
  
•  SigniYicantly	
  better	
  	
  performance	
  on	
  pre/post	
  and	
  benchmark	
  assessments	
  

comparing	
  students	
  using	
  or	
  not	
  using	
  curriculum-­‐embedded	
  assessments	
  

Feasibility	
  of	
  implementation	
  
•  Two	
  suites	
  in	
  3	
  states,	
  28	
  districts,	
  39	
  schools,	
  55	
  teachers,	
  5,	
  465	
  students	
  
•  Can	
  implement	
  across	
  range	
  of	
  infrastructures,	
  teachers,	
  students	
  	
  

Technical	
  quality	
  
•  Simulation-­‐based	
  summative	
  benchmark	
  and	
  curriculum-­‐embedded	
  formative	
  

assessments	
  

Models	
  for	
  integrating	
  	
  simulation-­‐based	
  assessments	
  into	
  	
  state	
  
science	
  assessment	
  systems	
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