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The Assessment Triangle

Knowing What Students Know (NRC, 2001)

InterpretationObservation

Cognition

The Learning Progression: Describes the 
development of progressively more 
sophisticated ways of reasoning in a domain 
(NRC, 2007; Smith et al., 2006)

Construct Modeling: IRM approach 
that allows us to relate scored items 
to the construct (progression)
(Wilson, 2004)

Items and Scoring 
Schemes: Pre-post written 
assessments, interviews



What are Learning Progressions?

• Structured around big ideas and practices - powerful   
and generative ways of thinking and doing

• Upper anchor - societal expectations of what students 
should know; based on analysis of the discipline

• Lower anchor - what students come in already knowing

• Describe how learning develops- the intermediate 
steps towards expertise

• Grounded in syntheses of science education research

• Not developmentally inevitable - but dependent on 
targeted instruction

LPs are conjectural models of learning                  
and need to be empirically tested and validated

The development of LPs is iterative in 
nature and cycles between theoretical 
refinement and empirical testing



The Constructs
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ideas:

- HA

Patterns of 
inheritance 
(Mendel)

How Student Learn Science in 
the Classroom. Stewart, Cartier 
and Passmore, 2005

Transmission of 
genetic material

Linking genes 
to traits



Defining Progress
Big 

Ideas
Level 1 (5-6) Level 2 (7-8) Level 3 (9-10)

A
B
C
D
E
F
G
H

Progress means developing more 
sophisticated understandings of mechanism:

1. Developing more complete and coherent 
understandings of each model

2. Integrating among and across the three 
models

3. Reasoning across organization levels- 
from macro to micro



Validity Issues Related to Cognition

• Goal: determine validity of number and order of levels
– Cross sectional or longitudinal studies (Corcoran, Mosher, & 

Rogat, 2009; Duncan & Hmelo-Silver, 2009)

• Assumptions about the nature of learning paths
– Progress isn’t simply linear, more like ecological 

succession (Lehrer & Schauble, 2009; Shavelson, 2009)

– Dependencies between big ideas within the LP
• Relation to instruction

– Nature and quality of instruction can 
impact learning paths and outcomes



Validation Issued Related to Observation

• Validation study: Two year longitudinal 
(Levels 2 and 3 of progression)
– Pre-post written tests (4 time points)
– Pre-post interviews (3 time points)

• Item scope
– Tension between developing items that yield responses 

across all levels, versus level-specific items
– Single construct versus multiple construct items

• Context specificity
– Items often include some contextual factors that may 

vary in difficulty for different students (transfer)



Validation Issued Related to Observation

Item responses vary by a 
level, or more, depending on 
context and form of item
– Lack of consistency in student 

response patterns across items 
(Steedle & Shavelson, 2009)

Lucita



Validation Issued Related to Interpretation
A B

End Year 2

– Distribution has not changed much 
– Some levels are better separated than others
– Attaining highest level for Item 3 (3.3) is more 

difficult than any other item
– Item fits are reasonable

End Year 1



Conclusions 
• Developing and testing assessments is critical
• Collaboration with assessment and measurement 

experts is important
• Small sample size is problematic but larger 

samples are logistically difficult to obtain
• Complexity of cognitive model makes this work very 

challenging in terms of :
– Developing assessments
– Developing a validity argument



Acknowledgements
Research Collaborators
The learning progression was developed by Ravit Golan Duncan,  
Aaron Rogat, and Anat Yarden. We wish to thank Jo Ellen Roseman 
and Joseph Krajcik for their insightful contributions

Teacher Collaborators
Hope Peavy and Vincent Reo

Graduate Students
Nicole Shea and Hava Freidenreich

Funders

The National Academy of Education and the Spencer Foundation    
NSF REESE #0830931



Thank You

The End

ravit.duncan@gse.rutgers.edu



Validation Issued Related to Interpretation
Skipped levels
– Need more time 

points (transient 
understandings)

– Part of some paths 
but not others

Summer effect
– Compare End year 1 

to Begin year 2
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Validation Issued Related to Interpretation

Contingencies
– Progress along one 

construct is correlated 
to progress along 
another

– Understandings of the 
two construct become 
more connected 
(intertwined)

GTP- Genes and their relationship to pr oteins 
(levels 1 Š 6) 
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Contingencies between constructs B (GTP) and C (PAC) 



Validation Issued Related to Interpretation
A B

End Year 2

– Distribution has not changed much 
– Levels are, mostly, consistently separated
– Attaining highest level for Item 3 (4.3) is more 

difficult than any other item
– Item fit is problematic for item 6

End Year 1



Validation Issued Related to Interpretation
A B

End Year 2

– Distribution has not changed much 
– Not all levels are separated
– Attaining highest level for Item 2 (2.4) is more 

difficult than any other item
– Item fit is problematic for  all but one item

End Year 1
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