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Changing biology education is like 
being an enzyme - educase

Lower the activation energy
Not consumed in the reaction
Increase the affinity for learning
Induce cooperativity (Hill coefficient > 1)
Positive feedback loop



2000-2010

GCAT



Genome Consortium for Active Teaching

Started in 2000
Focused on DNA microarrays



Open Source and Free Software

www.bio.davidson.edu/MAGIC 



GCAT
Faculty Development

NSF funded



GCAT
Faculty Development

9 workshops, 360 faculty



over 20,000 undergraduates

Genome Consortium for Active Teaching



p = 0.04

Genome Consortium for Active Teaching



GCAT

Published 
basic research

Teaching 
awards

Research
grants funded

Published 
learning gains



2005-present
Synthetic Biology



Synthe'c Biology

Applica'on of engineering principles and 
mathema'cal modeling to the design and 
construc'on of biological parts, devices, and 
systems with applica'ons in energy, medicine, 
and technology.



Standardization Modularity

Abstraction Modeling

How is Synthetic Biology Different?



Abstraction

Modularity

Standards

Designing and modeling

How is Synthetic Biology Different?



AND Logic Gate

Abstraction

Modularity

Standards

Designing and modeling

How is Synthetic Biology Different?



BioBrick Ends 
and Ligation

Abstraction

Modularity

Standards

Designing and modeling

How is Synthetic Biology Different?



Abstraction

Modularity

Standards

Designing and modeling

How is Synthetic Biology Different?



What is iGEM?

Peking University Imperial College

http://2009.igem.org/Main_Page



Standardized and Modular DNA

Think of Radio Shack for DNA parts. 



Synthetic Biology: Win-Win Research
Win #1: your design functions as expected.



Win #2: your design fails but you uncover basic biology 

Win #1: your design functions as expected.

Synthetic Biology: Win-Win Research



Synthetic Biology
at

Davidson College

building bacterial computers



2009 
Team

Davidson College 
Synthetic Biologists

Majority this year’s group are students of color. 



Davidson College 
Synthetic Biologists

2006 
Team

Majority this year’s group are students of color. 
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Burnt Pancake Problem Burnt Pancake Problem
1
2
3
4

Only academic publication by Bill Gates. 
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Burnt Pancake Problem

Using two spatulas, one to lift and the other to flip. 



How to Make Flippable DNA Pancakes!

All on 1 Plasmid: Two pancakes (Amp vector) + Hin 

hixC 

RBS 

hixC 

Tet 

hixC pBad 

pancake 1 pancake 2 

T T 

pLac 

RBS Hin LVA 

DNA Burnt Pancakes

Pancake 2Pancake 1Spatula

abstractions of DNA parts



Flipping DNA with Hin/hixC



Flipping DNA with Hin/hixC



Flipping DNA with Hin/hixC



Top 10 most accessed articles of all time



Increased Student Diversity
37 undergraduates in 5 years

African
American Hispanic First

Generation
Asian

Minority Asian

11 2 5 2 4

campus: 74% Caucasian               biology majors: 87% Caucasian

PhD Dual
degree MD MPH Jobs MD

9 2 2 3 4 7

27 students are seniors or have graduated
10 are still in school and undecided



GCAT Faculty Workshop
Synthetic Biology

15 pairs of faculty
1 Bio + 1 Other
July 8 - 10, 2010



2010-2020
Integrated Systems Biology



• Vocabulary is emphasized

• Experimental approaches are minimized

• Math is absent

• Memorization is rewarded

• Critical thinking is discouraged

• Information is irrelevant to students

Whatʼs Wrong with Biology Education Now?



Too much content for the containers

When you cram too much information into students, the outcome is 
unnatural and unpleasant to look at. 



If we currently cover all the important stuff….

…how can we add more content?



Start with the literature…



To fix biology education:
• Reduce the volume of information

• Facilitate construction of their own knowledge

• Use math repeatedly to illuminate biology

• Analyze real experimental data

• Reward thinking and creativity 

• Discuss ethical, legal, social implications



Present information and data…



… in the context of the big picture.



Artificial Divide within Biology

Small Biology

Big Biology



Five Levels of Organization

Molecular

Cellular

Organismal

Population

Ecological System



Five Big Ideas of Biology

Homeostasis

CellsEmergent 
Properties

Biology

Evolution

Information



Five by Five Matrix of Biology
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Five by Five Matrix of Biology
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Five by Five Matrix of Biology
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Five by Five Matrix of Biology

M
ol

ec
ul

ar
Ecological System

Population

OrganismalCellu
lar

M
ol

ec
ul

ar

Ecological System

Population

OrganismalCellu
lar

M
ol

ec
ul

ar

Ecological System
Population

OrganismalCellu
lar

M
ol

ec
ul

ar

Ecological System

Population

OrganismalCellu
lar

Homeostasis

CellsEmergent 
Properties

Biology

Evolution

M
ol

ec
ul

ar

Ecological System

P
o

p
u

latio
n

OrganismalCellu
lar

Information



Five by Five Matrix of Biology
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Five by Five Matrix of Biology
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Bio-Math Exploration 1.2

How much DNA 
is in each band? 

BioMath Explorations



BioMath Explorations
BioMath Exploration 6.3

How can you fit 
exponential curves to data?



Real Data and Integrating Questions

log Oxygen concentration



Real Data and Integrating Questions



Ethical, Legal and Social Implications
Are religion and evolution compatible? 

Is science possible if you are 
uncertain about what is true? 

Who owns your DNA?

Does basic biology have any 
impact on the real world?



Faculty: Laurie Heyer, Jeff Poet, Todd Eckdahl, Karmella Haynes
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