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Today’s students face new pressures from the rapidly 
changing science and from a globally competitive market. If 
students only study in their majors, then their options will 
be limited. Biology has matured to the point where math 
and computer science are needed to make sense of the vast 
datasets. If a student seeks a research career, he or she had 
better pursue an education that enhances his or her 
quantitative skills. Since our students’ needs are changing, 
what must we do as their teachers to keep up with the 
changing demands? How can we retool ourselves and our 
courses? Do we need new courses? Should we team teach 
more? Can we tweak what we have and honestly meet the 
needs of our students? This presentation will offer some 
answers and invite an honest discussion from the audience.

“ Support your claims with data.”



Today’s students face new pressures 
from the rapidly changing science and 
from a globally competitive market.



New Interdisciplinary Fields and Methods

Genomics

Proteomics

Climate Modeling

Synthetic Biology

Bioengineering

Computational Biology

Metabolomics

Systems Biology

Bioinformatics

Conservation Biology



High Throughput & Automated Data Collection



Stefan Wuchty, Benjamin F. Jones, and Brian Uzzi, 2007

Collaborations Are More Common

Team-authored publications



My PhD involved 
cloning & sequencing 
a cDNA and 
characterizing the 
protein.



When did you get your PhD? 
What has changed for you?

My PhD involved 
cloning & sequencing 
a cDNA and 
characterizing the 
protein.



The World Is Flat: 
A Brief History of the Twenty-First Century

10 "flatteners" leveling the global playing field:
#1 Collapse of Berlin Wall
#2 Netscape
#3 Workflow software
#4 Open sourcing 
#5 Outsourcing
#6 Offshoring
#7 Supply chaining
#8 Insourcing
#9 In-forming (e.g., Google)
#10 Personal digital devices
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If students only study in 
their majors, then their 
options will be limited.



Biology

Will your students be multi-dimensional?

Biology

M
ath

Biology

M
at

h

Comp. Sci

Why hire three people, when one will do?



Do you use methods learned after graduate school?

We need to prepare our students for a new 
landscape that changes like a screen saver.



Where will your students go to graduate school?





Biology has matured to the point where 
math and computer science are needed to 
make sense of the vast datasets.



www.bio.davidson.edu/GCAT

Seven Year Collaboration; Three Countries

http://parts.mit.edu/registry/index.php/Main_Page


GCAT Makes DNA Chips 
Affordable for ALL Students



Steady Growth Over Time

10,000+ Undergraduates and Counting

Growth of GCAT



Distribution of GCAT Members



GCAT Publication of Outcomes

Basic Research Publications
2008: 4 peer-reviewed publications
2007: 2 peer-reviewed publications
2006: 1 peer-reviewed publication 



Student Learning Outcomes

Question                           Topic                        Increase (%)
1.          Microarray experimental error–dye bias + 36.2*
2.          Microarray experimental error–gradient + 10.5*
3.          Microarray negative controls + 10.3*
4.          Microarray experimental design + 38.2*
5.          Gene expression ratios using a graph +   5.8*
6.          Gene expression–probability +   0.2
7.          Gene expression–gene clusters  + 22.3*
8.          Gene expression–regulatory cascade   + 14.9*
9.          Gene expression–gene circuit graphs + 11.8*

10.          Interpreting microarray results + 19.0*
11.          Diagnosis with microarrays + 12.5*

* indicates p < 0.05; N = 409



thetic Biology
ergistic MathSyn



BioBrick Registry of Standard Parts

http://parts.mit.edu/registry/index.php/Main_Page



Peking University Imperial College

iGEM: international Genetically 
Engineered Machines



Student Success at iGEM



Student Publication and Notoriety



Genomics
is the new
molecular
biology.



If a student seeks a research career, he or 
she had better pursue an education that 
enhances his or her quantitative skills.



Math is the New Microscope  
What is the optimum 
branching angle?

How much myelin is best?



Principle Component AnalysisClustering



Since our students’ needs are changing, 
what must we do as their teachers to 
keep up with the changing demands? 





How can we retool ourselves and our courses?



Faculty Development - free & hands on.



How can we modify existing courses?

What is the probability of having HIV given a positive test?

What is the topology of the encoded protein?

What is the 3D shape of this protein?



Overhaul Introductory Biology

Focus on 5 main concepts
Use fewer examples
Students construct their knowledge
Provide data to support claims
Connect content to what they know
Include math throughout
Incorporate ELSI throughout
Dissolve false division of big and small biology
Write in comfortable style



Update labs. Include statistics and probability.

Get CCLI funding from NSF



Collaborate Wisely. Make Smart Hires.
E. Stevens (DC Chem) C. Paradise (DC Bio)
D. Boye (DC Phys) B. Lom (DC Bio)
L. Heyer (DC Math) B. Hatfield (DC Bio)
V. Case (DC Bio) E. Fowlks (Hampton Bio)
D. Wessner (DC Bio) A. Rosenwald (Georgetown Bio)
J. Williamson (DC Bio) T. Eckdahl (MWSU Bio)
D. Kimmel (DC Bio) J. Poet (MWSU Math)
S. Sundby (Macalester Bio) L. Hoopes (Pomona Bio)
S. Tonidandel (DC Psych) M.L. Ledbetter (Holy Cross Bio)
A. Ordman (Beloit Bio) V. Armbrust (UW Oceanography)

Smart Heyer
Students 2008 Students 2007



Do we need new courses?

Genomics

Bioinformatics

Synthetic Biology



Why do we 
reward 
memorization is 
our classes? 

Real research 
is the curriculum.



Should we team teach more?



Neil Campbell’s Biology 5th Edition 55 chapters, 1290 pages
Neil Campbell’s Biology 6th Edition 55 chapters, 1175 pages
Neil Campbell’s Biology 7th Edition 55 chapters, 1312 pages
Neil Campbell’s Biology 8th Edition 55 chapters, 1393 pages

Is more content better?

How much do your 
students remember now?



How would you respond if I 
gave you a list of 500 
student names and required 
you to memorize them?



The Star Fleet Academy Myth

Our students can learn more each year.



Can we tweak what we have 
and honestly meet the needs 
of our students?



If we currently cover all the important stuff….

…how can we add more content?



Triage based on educational goals! 

1) List goals

2) What could students do if goals are met?

3) Measure if students can do #2

Base Your Teaching on Data



This presentation has offered 
some answers and now I invite 
you to an honest discussion.



How do I cover more material?

Am I equally trained in math and biology?

Can I teach outside my area?

Do I want students to be equally trained in both?

What happens if my students are smarter than me?! 



Learning is the Primary Goal
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