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Goal: create and disseminate evidence-
based, BID instructional resources.

Emphasize 
connection building 

with C-K Theory

Cultivate
21st century 
engineering 

competencies 

Scaffold discovery 
and knowledge 

transfer processes
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Concept-Knowledge Theory
Comprised of two spaces: 
knowledge (K) space 
containing propositions that 
have a logical status, and the 
concept (C) space containing 
propositions or that are 
undetermined

Facilitates innovation through 
connection building 

Adaptive and generalizable 
across scientific domains and 
engineering problems
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This NSF funded research project 
spanned four years and two institutions.
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Created Studied

Teaching Modules, 
Learning Activities, 

BID Canvas

Rubrics

Analysis Metrics: 
Biomimicry, Feasibility, 

Practicality, Novelty

Pilot with 
qualitative analysis

Comparative with 
statistical analysis  

Transferability with 
statistical analysis



The C-K theory based instructional 
materials scaffold the process of  discovery.

Design an adaptable and 
energy efficient facade 

shading system

With hinges

 Reversible 
elastic 

deformations

C0:

C1: C1:

C2: C2: C2:

C3:

Traditional Knowledge

Biology Knowledge

Knowledge SpaceConcept Space

Biological 
system: __________________________

Unexpected Property

Hinges and rollers  
used in building 
shading systems 
(blinds) wear and 

require 
maintenance. Only 

work well for 
square buildings.

Existing Solution

Design Path

Lateral 
torsional 

buckling is a 
type of 
material 
failure.

All materials 
(metals, polymers, 
ceramics, etc) have 

an elastic and 
plastic region. 

Deformations in the 
elastic region are 
not permanent.

Learning Modules
Exposure to breadth of 

inspiration and innovation
and models the process

BID Canvas & Learning Activities: 
Visual process guide and in-class 

exercises that promote active learning 
and development of cross-domain 

linkages 5
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From the pilot study we found that the C-K approach 
was meeting the intended learning goals and fostering 

competencies of  the 21st century engineer.
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Orange are biology & green are BID process focused questions



From the comparative study we found that the C-
K approach group produced concepts that were 

of  higher quality with statistical significance.
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More imitation More inspiration 

BI Approach Group CK Approach Group

J.K. Nagel © 2020 Preliminary	;indings	from	a	comparative	study	of	two	bio-inspired	design	methods	in	a	second-year	engineering	curriculum.”	Proceedings	of	the	2019	ASEE	Annual	Conference	and	Exposition,	Tampa,	FL.

The statistical power of the tests 
was found to be 95% for a 
significance level of 0.05, sample 
size of 42, and an effect size of 0.83.

Statistical significance for the 
biomimicry, novelty, and 

feasibility metrics



From the transferability study we found that the 
C-K theory based approach is institution 

independent and useful for generating innovative 
design solutions. 
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Statistical significance 
for transferability and 

attributes DE1 and DE2



The primary outcome of  this NSF 
research is the validated BID Canvas. 
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The primary outcome of  this NSF 
research is the validated BID Canvas. 
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1. Problem 
statement

3. Reframed problem 
statement based on K space

5. Ideas based on connections 
formed in K space

6. Chosen rough idea to 
explore further

4. Connections 
made between 
biology and the 
domain of the 

problem

3. Detailed info 
about biological 

system
3. Summary 
biological 

system info

2. How 
problem has 
been solved 
in the past
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Gears with a 
chain produce 

propulsion 
when the 
pedals are 
rotated by 

user.

Design a human powered 
vehicle propulsion system

Elastic bands 
incorporated to 

help provide 
thrust

Spring integrated 
into crank arm to 
increase length as 

user presses on 
pedal

Using both legs 
at the same time 
like a leg press 

machine

Assisted 
propulsion

Non-assisted 
propulsion

Northern Leopard Frog

Propels itself 
using stored 

elastic 
potential 
energy

• Tendons stretch to store work 
done by muscles contracting.

• Muscles relaxing causes 
tendon to contract and the 
“whip” like contraction 
releases the elastic energy.

Connections between traditional 
and biological knowledge
• Springs store elastic potential 

energy
• Rubber can store elastic 

potential energy after being 
stretched

• Crossbow
• Leg press machine



Closing Remarks on 
NSF Work

This work resulted in the creation of evidence-based and 
design theory-based instructional resources for teaching 
BID.

The multiple study findings provide statistical evidence 
of learning impact and educational value.

C-K theory-based BID Canvas provides a visual 
framework for establishing the mindset of BID.

All instructional resources shown are available on my 
website.
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Any questions before we move 
on to the collaborative activity?



Collaborative Activity
Considering what has been shared in all the eduction 
focused Biocene sessions, lets collaboratively answer this 
question…. What topics, skills, activities, and people should be 
apart of a college-level course on Biom*?
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Use this link to go to a Mural 
board.  No account required. 

https://tinyurl.com/SatEdu 

Double click to place sticky notes 
in any part of the board.  Start in 
the quadrants, and move toward 
the center. 



Thank you for your time 
and attention!

Dr. Jacquelyn K. Nagel 
Contact email: NagelJK@jmu.edu

www.jacquelynnagel.com
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