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Overview

1. Using cognitive labs for qualitative construct validation 
2. Illustrative student responses from cognitive labs on earth 

science multiple-choice items
3. Comparison with responses to earth science performance 

assessments
4. Implications for rapidly approaching operational NGSS 

summative assessments
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Construct Validity

“…to accrue empirical evidence that the ostensibly sampled 
processes are actually engaged by respondents in task 
performance”

Messick, 1996
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Construct validity: multiple choice

2D constructs
E.g. Interpret earthquake data to forecast 
locations and likelihood of future events
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Construct validity: multiple choice

2D constructs
E.g. Interpret earthquake data 
to forecast locations and likelihood of 
future events

How are you making decisions about 
which answer to choose?

Did you use these data/model to 
answer the question? How?
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Sample population

NGSS PE assessed # of student 
respondents

Multiple-choice assessments 
(cognitive lab data)

Natural Hazards (MS-ESS3-2)
Rock cycle (MS-ESS2-1)

36
42

Short performance tasks
(pilot test data)

Natural Hazards (MS-ESS3-2)
Rock cycle (MS-ESS2-1)

574
144
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The	map	shows	the	locations	of	earthquakes	and	volcanoes	that	happened	in	
the	last	year.

Image credit: NASA data adapted from PBS Learning Plate Tectonics interactive

There	were	earthquakes	in	the	past	year,	but	there	is	
low	risk	of	future	earthquakes.	

A        B         C        D        E

Construct: Analyze and interpret a pattern of earthquakes and use the pattern to make 
a prediction about the location and likelihood of future earthquakes.
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“A - the only fault line I know is the San Andreas"

“I remember learning earthquakes mostly happen along the plates, when tension 
builds over time there are larger earthquakes...I can’t remember where the plates are”

“plates rub up against each other and tension builds over time, and that’s when 
earthquakes happen but I can’t remember where the plate boundaries are”

• Seek answers closely related to their learning experiences even if it requires 
ignoring the data and/or prompt

• Did not engage in novel reasoning tasks even if they have the relevant 
knowledge
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“I used the model but not the parts in the middle”

“I didn’t use the model because it was too confusing. I 
don’t know where it starts or ends.”

“I just looked through answers to see which ones I 
understood and which ones I didn’t”

• Students ignore parts of the model that seem too complex and use the rest
• Students choose answers based on words that are familiar but irrelevant to the 

prompt

Construct: use a model to describe changes to Earth’s materials.
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One of the city leaders has claimed that the graphs showed that it was not necessary to plan 
for earthquakes

The graph above shows additional data on earthquakes in the U.S. Use the data and what 
you know about earthquakes to explain why you agree or disagree with this claim. 

Construct: Use data analysis and reasoning to support a claim about 
how data could help forecast the likelihood of future earthquakes
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I disagreed because earthquakes are the one natural disaster that can't be predicted but when they do 
happen they cause a lot of harm. In 2011, there were 341 earthquakes that occurred but by looking at the 
graphs you can see they were smaller ones because they cost no money and didn't take any lives. Just 
because the earthquakes that occurred in 2011 weren't at the threatening stage people should still be ready 
for a dangerous one because you never know when one might happen.
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One of the city leaders has claimed that the graphs showed that it was not necessary to plan for earthquakes

The graph above shows additional data on earthquakes in the U.S. Use the data and what you 
know about earthquakes to explain why you agree or disagree with this claim. 
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[I disagree because] In all of the graphs earthquakes are very low

[i agree because] in the graphs it says the earthquakes killed nobody and they cost very little to prevent or 
fix so an earthquake would be unnecessary to plan for.
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One of the city leaders has claimed that the graphs showed that it was not necessary to plan for earthquakes

The graph above shows additional data on earthquakes in the U.S. Use the data and what you 
know about earthquakes to explain why you agree or disagree with this claim. 
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What does this mean?

1. 2D multiple choice items introduce a new level of complexity to 

response process

2. Cognitive labs are even more essential to validity arguments for 

NGSS multiple-choice items than ever before

3. States are now implementing tests without conducting cognitive 

labs!!!
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Questions?

Contact: Jill Wertheim 
jwerthei@stanford.edu

SNAP website: 
snapgse.stanford.edu

mailto:jwerthei@stanford.edu

