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That clip from The Office was a great way to start this talk!
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What’s the big deal?

Problems with Likert Scale Analysis
• Psychometric red flags!
• Variable category distances within/between people
• Ordinal data treated as interval data à bad stats!

Solution = Item Response Theory (IRT)
• A psychometric approach that better accommodates the 

Likert scale response format
• This study utilizes Rasch Analysis, a specific subclass of IRT 

models

Boone, 2016; Harwell & Gatti, 2001; Kero & Lee, 2016; Wilson et al., 2022
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BIOINSPIRED DESIGN
INTEGRATIVE BIOLOGY

All Fields and Levels Welcome 

Engineering, Biology, Medicine, Art, Architecture and Business 
Learn from Nature 

Design New Technologies for Health, the Environment and Safety 
Use Design Innovation Institute - Jacobs Hall 

Diverse Teams Create Design Projects 
Discuss Bioinspired Design Case Studies 

Gecko-inspired Adhesives, Robots that Run, Fly and Swim, Artificial Muscles, Computer 
Animation, Medical Devices and Prosthetics 



FINAL PROJECT & DESIGN SHOWCASE

Tick 
Inspired 

Long Term 
Drug 

Delivery 
System

Gecko Inspired Tail Balancing 
System for Elderly Conch Shell 

Inspired 
Artificial 

Bone

Spider 
Inspired 

Sensing to 
Restore 
Touch in 

Amputees

Voice 
Recovery for 

Throat Cancer 
Patients

Muscle 
Atrophy 

Resistant Cast

Keio University in Tokyo



What is the change in students’ self-
perception of Innovation Skills as a result of 
completing the Bioinspired Design course?

General Likert Scale 
Analysis (GLSA) Rasch Analysis



Goal

Compare student self-
perception of 

Innovation Skills 
before and after the 

course

Utilized iterative Four 
Building Blocks assessment 
framework by Wilson (2023)

26 Likert item pre/post 
Innovation Skills survey

Survey analyzed through   
Rasch analysis

“psychometric approach that 
better accommodates…”



The Four 
Building 
Blocks

Construct Map

Items Design

Outcome Space

Wright Map
See Constructing Measures book by Mark Wilson (2023)



Building Block 1: 
Construct Map

Level Skill

Leader Can translate fundamental principles from 
scientific publications to create novel designs.
Can extract fundamental principles from scientific 
publications.

Active Can critically evaluate scientific publications.
Can suggest fundamental principles from scientific 
publications that could translate into novel designs.

Participant Can understand the logic of scientific publications when 
discussed by experts.
Can understand how experts have translated principles 
from scientific publications into novel designs.

Technical Reads scientific publications to extract specific facts.
Required Reads scientific publications because required.

Scientific Discovery & Translation Process



Full et al., 2015



GLSA
 Results
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GLSA Results

1. Increases in “agreeability” for all items

2. Mean score for each survey item increased 
from pre to post

3. Growth in each dimension of Innovation 
Skills construct after completing the course



But this is not enough!

Keep going with Rasch Analysis!

Don’t stop here…



Rasch Analysis 
Results



Rasch Analysis 101
Model-based measurement 
• Builds a measurement scale, check whether data fit the model
• Statistically appropriate translation of ordinal survey responses into 

interval data that can be visualized

Produces an item-person Wright map
• More positive response (i.e., “strongly agree”) maps to higher levels of 

construct map
• More positive response = higher person ability
• Item with lots of “strongly agree” = easy item

Boone, 2016; Furr 2011; 
Stemler & Naples, 2021 



Persons Items



Wright Map 
(Pre/Post Overlaid)

+0.97 logit gain in student ability

+0.89 SDs of growth

Cohen’s d = 0.75
• Nearly a “large” effect (>0.8) (Cohen, 1988)
• Large effect as an educational intervention (>0.2) (Kraft, 2020)

One “step” increase in Likert scale across all items 
• i.e., “Agree” to “Strongly agree”

Can we do even better?!

Rasch Analysis Results 



Next Step: Likert item to Guttman item
I can translate fundamental principles from scientific 
publications to create novel designs.

Strongly disagree – Disagree – Neutral – Agree – Strongly agree

Which statement best reflects your ability to engage with scientific 
publications?
A. I can read and generally understand scientific publications.
B. I can read scientific publications and extract specific facts. 
C. I can see how experts have translated principles from 

scientific publications into novel designs. 
D. I can suggest fundamental principles from scientific 

publications that could translate into novel designs.
E. I can translate fundamental principles from scientific 

publications to create novel designs.

Level

Required

Technical

Participant

Active

Leader

Wilson et al., 2022



Conclusion 

By doing more robust assessment, 
we can better show what really 

matters…student growth.



Thank You!


