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Outline of Presentation

Did students meet learning objectives (content and attitude)?

Hands-on activity #1 - constructing your own knowledge

How is ICB different?

Why change my intro bio course now?

Can intro labs be more authentic? Hands-on activity #2 

pClone: real research by first year students

Closing remarks



National Recognition of Need to Change



AP Biology Redesign in Third year	





GRE General Test	



Verbal Reasoning: measures your ability to understand what you read 
and how you apply your reasoning skills.	


!

Quantitative Reasoning: measures your ability to 	


• understand quantitative information	


• interpret and analyze quantitative information	


• solve problems using mathematical models	


• apply basic mathematical skills and elementary mathematical concepts 

of arithmetic, algebra, geometry and data interpretation	


• includes real-life scenarios	



!

Analytical Writing: provide focused responses to prompts so you can 
demonstrate your ability to directly respond.



MCAT Redesigned Test	



Critical Analysis and Reasoning Skills: analyze, evaluate, and apply information 
provided in passages  

Natural Sciences: combine knowledge of natural science concepts with their 	


   scientific inquiry and reasoning skills to solve problems that 	


   demonstrate their readiness for medical school.  

Psychological, Social, and Biological Foundations of Behavior



full disclosure	


ICB is a	



commercial	


product



• 3 years to write, 4 years to publish  

• traditional publishers rejected	


!

• eBook hosted by Trunity	


!

• David Botstein gift funded book	


!

• Bruce Alberts wrote Foreword 	


!

• demonstrated learning gains	


!

• adopt only chapters you use	


!

• http://goo.gl/nRA0Od

http://goo.gl/nRA0Od


ICB
Evolution	


Cells	


Information	


Homeostasis	


Emergent Properties

Core Concepts = Big Ideas
Vision & Change AP Biology
Evolution	


Structure and Function	


Information	


Energy and Matter	


Systems Biology

Evolution	


!

Information	


Homeostasis	


Emergent Properties



V&C Core Competencies

• Apply the process of science  	



• Use quantitative reasoning	



• Use modeling and simulations	



• Integrate different disciplines	



• Communicate & collaborate	



• Connect science & society



• Apply the process of science  (experimental design)	



• Use quantitative reasoning (interpret raw data)	



• Use modeling and simulations (work with models)	



• Integrate different disciplines (chemistry, math, some physics)	



• Communicate & collaborate (small group discussions, lab)	



• Connect science & society (ELSI boxes)

V&C Core Competencies (ICB)



• Vocabulary is emphasized (800-1000 vs 1400)	



• Experimental approaches are minimized	



• Math is absent	



• Memorization is rewarded	



• Critical thinking is discouraged	



• Information is irrelevant to students

What’s Wrong with Biology Education Now?



Present information and data…



… in the context of the big picture.



Start with the literature…



Artificial Divide within Biology

Small Biology

Big Biology



Five Levels of Organization

Molecular

Cellular

Organismal

Population
Ecological System



Five by Five Matrix of Biology
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BioMath Exploration 4.2 (BME)	


How fast is the vesicle size changing?



Ethical, Legal and Social Implications (ELSI)

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?



Hands-on Activity #1



Did my students “learn less” content?



Core Concepts Assessment
83% response rate (new)	


63% response rate (traditional)

p = 0.06
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Core Concepts Assessment



Can my students analyze data better?



Core Competency Assessment



Core Competency Assessment



Do ICB students see biology differently?

no



Do ICB students see biology differently?

yes!
yes!
yes!

yes!



Do ICB students see biology differently?

yes!

yes!

yes!

yes?



Hands-on Activity #2



Can introductory biology 	


labs be more authentic?

A common criticism I had gotten for 16 years was the lecture 
and lab were “disconnected” or were “unrelated.”



1. Has someone prepared data collection tables for you?  
2. Does someone hand you all the controls you will need 

for the day?  
3. Does someone else do all the creative thinking for you 

and you merely pipet?   
4. Do you only work on one project until it is completed?  
5. Is your research completed in 3 hours? 

When you do research in lab:



1. Employ a scientific approach to answering biological questions 
and test hypotheses. 

2. Design experiments to test hypotheses, answer questions. 
3. Analyze experimental data and reach logical conclusions. 
4. Organize an oral presentation for sharing scientific information 

with peers. 
5. Prepare a written summary of experiments designed, performed 

and analyzed personally. 
6. Work on three overlapping labs: discover new promoter, why 

mammals evolved bitter taste receptors, and evolution of 
antibiotic resistant bacteria. 

My educational goals for Intro Bio Lab



1. Minimal lab manual 
2. Overlapping lab modules 
3. CATME tool  (CATME.org)

Major Changes I Made to Intro Bio Lab

http://CATME.org


1. Minimal lab manual 
2. Overlapping lab modules 
3. CATME tool  (CATME.org)

9 weeks on promoters

8 weeks on taste receptor

7 weeks on antibioticR

Major Changes I Made to Intro Bio Lab

http://CATME.org


1. Minimal lab manual 
2. Overlapping lab modules 
3. CATME tool  (CATME.org)

Major Changes I Made to Intro Bio Lab

http://CATME.org


Promoter Research Using 	


Golden Gate Assembly

Todd Eckdahl	


MWSU
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GGA Ligation Method - one step, one tube

TT + RBS + RFP

plasmid backbone

origin antibiotic resistance

RBS RFPTT

BsaI + Ligase



TT + RBS + RFP

plasmid backbone

origin antibiotic resistance

RBS RFP

TT

BsaI + Ligase

GGA Ligation Method - one step, one tube



GGA Ligation Method - one step, one tube



CGACtGAGACC(TT)GGTCTCa        !
    aCTCTGG(TT)CCAGAGtCGCC

Bsa I

Bsa I
GCTG

GCGG

ligase ligase

GGA Ligation Method - one step, one tube



ligase ligase

GCTG
GCGG

CGACtGAGACC(TT)GGTCTCa        !
    aCTCTGG(TT)CCAGAGtCGCC



ligase ligase

Bsa I

Bsa I
GCTG
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    aCTCTGG(TT)CCAGAGtCGCC



ligase ligase
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CGAC(promoter)   !
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GGA Ligation Method - one step, one tube



50% ligation	


success rate



Student Sample, September 2012



Student Sample, September 2012



Student Sample, September 2012



Registry of Functional Promoters (RFP)

gcat.davidson.edu/RFP/



Registry of Functional Promoters (RFP)

gcat.davidson.edu/RFP/



Registry of Functional Promoters (RFP)

gcat.davidson.edu/RFP/



Testing Known Promoters: Ptac

               -35                   -10!
5’ CGACGAGCTGTTGACAATTAATCATCGGCTCGTATAATGTGTGGA     3’!
3‘     CTCGACAACTGTTAATTAGTAGCCGAGCATATTACACACCTCGCC 5’



                -35                   -10!
5’ CGACGAGCTGTTtACAATTAATCATCGGCTCGTATAATGTGTGGA     3’!

 3‘     CTCGACAAaTGTTAATTAGTAGCCGAGCATATTACACACCTCGCC 5’!
                G!
                C

Student Sample, November 2012



               -35 ATAA (deleted)  -10!
5’ CGACGAGCTGTTGACA----ATCATCGGCTCGTATAATGTGTGGA     3’!
3‘     CTCGACAACTGT----TAGTAGCCGAGCATATTACACACCTCGCC 5’

Student Sample, November 2012



pClone Red

Bsa I Bsa I

RBS RBSGFP RFP

J119137



Remove Initial Promoter

RBS RBSGFP RFPX

J119137



Insert Non-functional Promoter

RBS RBSGFP RFP

J119137



Insert Forward Promoter

RBS RBSGFP RFP

J119137



Insert Bi-directional Promoter

RBS RBSGFP RFP

J119137



pClone Red

Campbell, et al. 2014. CBE Life Sciences Education. Vol. 13(2): 285 - 296.

J119137



Quantify with Phone and ImageJ

Campbell, et al. 2014. CBE Life Sciences Education. Vol. 13(2): 285 - 296.

J119137



pClone Blue

Campbell, et al. 2014. CBE Life Sciences Education. Vol. 13(2): 285 - 296.

J119313



pClone Blue

Campbell, et al. 2014. CBE Life Sciences Education. Vol. 13(2): 285 - 296.



Measure Promoter Qualitatively
J119313



Assessment Davidson Intro Bio

Assessment MWSU Genetics (soph)



Assessment Davidson Intro Bio

Assessment MWSU Genetics (soph)



RBSGFP RFP

Bsa I Bsa I

J119###

rClone Red



RBSGFP RFP

Bsa I Bsa I

rClone Red

RBS
12 - 60 bp

J119###



J119361

tClone Red

RBS RBSGFP RFP

Bsa I Bsa I



J119361

tClone Red

RBS RBSGFP RFP

Bsa I Bsa I

+/-60 - 230 bp

OR +



J100204

Bsa I Bsa I

RBSRBSGFP RFP

actClone Red

3’ PompR



J100204

Bsa I Bsa I

RBSRBSGFP RFP

actClone Red

3’ PompR

60 bp
C1 C2 C3

OmpR



J100205

repClone Red

Bsa I

RBS RFP

Bsa I



J100205

repClone Red

Bsa I

RBS RFP

Bsa I

Ptet

54 bp

OR



Guess what, I 
taught my dog to 

whistle!

Teaching vs Learning

http://thegoodpeople.se/blog/?p=208

http://thegoodpeople.se/blog/?p=208


Really?!

Teaching vs Learning



Teaching vs Learning

Whistle! C’mon 
boy, whistle!



Teaching vs Learning

?????????????



Teaching vs Learning
I thought you said 
you taught your 
dog to whistle. 



I did, but I didn’t say 
that he learned to 

whistle. 

Teaching vs Learning



Davidson Students:  Dustin T. Atchley, Erich J. Baker, Micah Brown, 
Elizabeth C. Brunner, Spencer A. Chadinha, Ben R. Clarkson, Shannon E. 
Doherty, Catherine Doyle, Sarah Dwyer, Rebecca A. Evans, Jonah Galeota-
Sprung, Betsy L. Gammon, Jessica Gronniger, Hannah L. Itell, Andrew J. 
Lantz, Jonathan N. Lim, Erin P. McGuire, Meredith Nakano, Sam Ongchuan, 
Phoebe Parrish, Abagael Slattery, Kathryn E. Smith, Jackson Spell, Morgan 
Spencer, Telavive Taye, Caroline J. Vrana, E.Tucker Whitesides

The Duke Endowment, NSF, HHMI	


Genome Consortium for Active Teaching (GCAT)	



Davidson College James G. Martin Genomics Program	


MWSU SGA, Foundation & Summer Research Institute 

Lecture: A. Malcolm Campbell Laurie Heyer, Chris Paradise	


Lab: Jeff Poet, Todd Eckdahl

Acknowledgements



Remember, teaching is supposed to be fun!


