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S1: Item Generation & Validation

This work is supported by the National Science Foundation (DUE-2235518, 
DUE-2235595, and DUE-2235681).

Legacy instruments used in physics classrooms such as the 
Force Concept Inventory (FCI):

1. Have substantial psychometric problems that limit their 
usefulness for research and instructional applications.

2. Have serious and potentially harmful demographic biases.
3. Feature items with artwork and contexts from a different

era and represent limited diversity.

Background & Motivation*

Goal of this Project
Produce an assessment design model by leveraging Evidence Centered Design 
(ECD) to develop a set of valid, fair, and flexible items organized into subscales 

that instructors can use to build their own classroom assessments.
Ø Strand 1 (S1): Items will be exceptionally well validated with the items administered to an expected 

15,000 students over the 3 years of the project
Ø Strand 2 (S2): The ECD framework grounds the new assessment in learning and measurement

theory while taking a construct-centered and community-based approach

FCI Item 28. An item with a 
problematic representation 
and context [3]. 

Solicitation of community input into what features are important to develop evidence 
that a student has learned the introductory mechanics and what measurements provide 
evidence of that. 

S2: Physics Community Input

Performance Expectation: Students will use a graphical representation to convert a description of the 
change in location of an object as a function of time to evaluate the instantaneous velocity at a given point. 

Example Evidence
1. Velocity is a vector quantity.
2. The instantaneous velocity is the limit of the average velocity as the time interval 

approaches zero.
3. The average velocity is the change in an object’s position over a period of time.
4. For a graphical representation of an object in motion, the slope of a position vs. time 

plot is the velocity of the object.
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Ø List of Department Chairs
Ø Personal Contacts 

(department colleagues, PER 
colleagues, etc.)

Ø Snowball Sampling (friends 
of friends)

What are the important goals for Introductory Physics 1 courses?
What kind of student artifacts would represent evidence of mastery in Introductory Physics 1 courses? 

Survey

Next

Survey (15-20 min)
ØCourse Context

ØGoals & Objectives
ØAssessment Strategies

Follow Up Interview
Personal Experiences with 

Teaching Physics

Broader Impacts & Getting Involved
Ø Greatly advance the ability for physics instructors to understand 

and improve their classes, thus impacting hundreds of thousands 
of students enrolled in introductory physics courses every year
Ø Shared Learning Goals and Outcomes defined by the broader Physics 

Community
Ø Open-Source Database that consists of responses to a variety of 

assessment items probing conceptual understanding of introductory 
physics courses

“So this is the position on the x-axis as a function of time. Okay, 
the relation of velocity. So I know velocity is distance over time. So
the velocity would be higher, the highest at A, I'd say. And then B 
would have. I would say the answer would be B because I'm 
looking at this as like: a velocity or a distance over time, which to 
me is showing velocity, so A [traces the first segment of the graph 
given] would have the greatest velocity. B would have no velocity 
[traces the second segment of the graph given] , because no 
distance is traveled over a time, and then C [traces the third 
segment of the graph given] would have more velocity than B. But 
not much, not as much velocity as A.” – Participant X

Revision Needed: Students’ thinking does not 
provide evidence for student understanding of the 
vector nature of velocity (e.g. distance over time isn't 
quite the same thing as displacement over time).

Quantitative & Qualitative Validation

Most items for 1D 
Kinematics are behaving 
properly  
Ø item difficulties between 

0.2 and 0.8
Ø item discriminations

above 0.2
Ø a promising spread of 

item difficulties and item 
discriminations

Answer A: Example Evidence 4.

Answer B
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