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Participant Packet

https://tinyurl.com/SciEd24-Assess

https://tinyurl.com/SciEd24-Assess


Workshop Objectives

Apply backwards design to develop aligned assessmentsApply

Practice writing assessment items tied to learning 
objectives & Depth of Knowledge (DOK) levelsPractice

Discuss strategies for establishing validity argumentsDiscuss



What do you see as the 
sequence of development 
between assessment and 
curricular materials?



Problem: Curriculum & Assessment 
Misalignment

Curriculum tends to get 
developed independently 

from assessment 

Solution: Collaborative 
Backwards Design 
• Alignment of expectations
• Measurable learning 

outcomes
• Scope of materials design



What is Backwards Design? 



• There is no such thing as a “valid 
test,” only valid uses of test data 

• Validity refers to uses of test 
data, not the test itself

• Results obtained from a test are 
useful for a specific purpose 
(validated) 

(American Educational Research Association et al., 2014)



Applying Backwards Design: Bioengineering
Design with validation in mind

DEFINE MEASURABLE 
OUTCOMES

DETERMINE 
EVIDENCE NEEDED

PLAN LEARNING 
EXPERIENCES



Applying Backwards Design: Bioengineering

DEFINE 
MEASURABLE 
OUTCOMES

Teachers identified big ideas: 
● Neurons interact in body systems to send, receive and interpret 

signals.
● The structure of a nerve cell determines its function.
● The nervous system responds to stimuli in the environment 

through motor and sensory neurons.

Curriculum Writers Created a Learning Objective: 

Students will describe how the nervous system responds to stimuli in the 
environment through motor and sensory neurons.



Think About It: Writing Assessment Questions

What questions would you 
write?

Clear picture of what you're 
measuring?

Students will describe how the nervous system responds to stimuli in the 
environment through motor and sensory neurons.



Cognitive Complexity
Bloom’s Taxonomy (Anderson et al., 2001)

This Photo by Unknown Author is licensed under CC BY-SA-NC

https://boisestate.pressbooks.pub/priorlearningportfolio/chapter/blooms-taxonomy/
https://creativecommons.org/licenses/by-nc-sa/3.0/


(Webb & Christopherson, 2019) 



Using DOK to focus our work

Our “cheat sheet”
https://tinyurl.com/SciEd24-DOK

The Source Document
https://tinyurl.com/Webb-DOK

https://tinyurl.com/SciEd24-DOK
https://tinyurl.com/Webb-DOK


Starting the discussions

Collaborative Backward Design 
What are our Intended Learning Outcomes? (ILOs)

https://tinyurl.com/SciEd24-ILO

https://tinyurl.com/SciEd24-ILO


DEFINE MEASURABLE 
OUTCOMES

DETERMINE 
EVIDENCE NEEDED

Students will describe how the nervous system responds to stimuli in the environment 
through motor and sensory neurons.

LO 1.1 (DOK 1): Students will identify the three distinct parts of a neuron and name the 
function of each part.

LO 1.2 (DOK 1): Students will describe the role each part of a neuron plays in receiving 
and responding to stimuli from the environment.



Example Bioengineering Learning Objective

Original: Describes neural 
response to stimuli

Refined: Specifies neuron 
parts, functions, DOK level



Collaborative Assessment Design
After LOs are established with specified DOK levels

The Assessment Planner

1. Write 2 to 3 times the number of items 
a. Different difficulty levels for DOK specified

2. Check for understanding and alignment 

3. Pilot - Validation study 1 
a. Cog labs

b. Statistical analyses

4. Review

5. Revise

6. Repeat



Activity: Create Assessment Items

Topic: Engineering For Health - Genetic Technology Investigations
• Write 2 items for each of the objectives in the Participant Packet

• (divide up 2 people per intended learning outcome)

• https://tinyurl.com/SciEd24-Assess

https://tinyurl.com/SciEd24-Assess


Collaborative Assessment Design
After LOs are established with specified DOK levels

The Assessment Planner

1. Write 2 to 3 times the number of items 
a. Different difficulty levels for DOK specified

2. Check for understanding and alignment 

3. Pilot - Validation study 1 
a. Cog labs

b. Statistical analyses

4. Review

5. Revise

6. Repeat



Activity: Alignment Check

Topic: Engineering For Health - Genetic Technology Investigations
1. Review the assessment items you wrote for each of the objectives 

in the packet
2. Check DOK alignment with your group

• https://www.webbalign.org/dok-definitions-for-science

https://www.webbalign.org/dok-definitions-for-science


Collaborative Assessment Design
After LOs are established with specified DOK levels

The Assessment Planner

1. Write 2 to 3 times the number of items 
a. Different difficulty levels for DOK specified

2. Check for understanding and alignment 

3. Pilot - Validation study 1 
a. Cog labs

b. Statistical analyses

4. Review

5. Revise

6. Repeat



Cognitive Labs

Protocol
Data Collection



The approach
• Scripted 

• Introduction
• Modeling by interviewer and practice
• Read questions

• Open-ended probing questions 
• Focused on understanding approaches to thinking

• Emphasis on thought process, not correct 
answers 
• Record transcripts 
• Track data



Tools 
of the 
Trade



Statistical Analyses

● Descriptive Statistics
● Item Difficulty
● Discrimination
● Reliability
● Dimensionality
● Differential Item Functioning (DIF)
● Guessing Parameters (IRT)



Establishing Validity Arguments

Collect evidence: 
assessment use for 

intended purpose (American 
Educational Research Association et al., 

2014)

Key Points: Standards for Educational and Psychological Testing

1. Define and Align Content
● Clearly outline the knowledge, skills, and abilities the curriculum aims to teach.
● Ensure test items match the curriculum's learning objectives.
● Provide reasons for how test items align with these objectives.

2. Ensure Accurate Reflection of Learning
● Gather evidence that test scores show what students have learned.

3. Minimize Unfair Influences
● Make sure test results reflect students' mastery of the curriculum, not external 

factors.

4. Analyze Test Structure
● Assess item difficulty, discrimination, reliability, and overall coherence.

5. Validate for All Student Groups
● Ensure test fairness and relevance for all student subgroups.
● Look into differential item functioning and potential biases in test content or 

administration.
(American Educational Research Association et al., 2014)



Key Takeaways

Start assessment design early

Use DOK for shared expectations

Collaboration is key

Validation is evidence-based



Questions?

https://tinyurl.com/SciEd24-CBWD
Selected Articles

https://tinyurl.com/SciEd24-CBWD
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