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Active Learning is Lecture-1

A. Malcolm Campbell



• teaching vs. learning
• what would a scientist do?
• three extracts to sample readings
• change labs to model real science
• assess your teaching to know what works

Key Points for Today



Introductions
name
department and courses 
workshop focus course 

Malcolm Campbell
Biology and Genomics (24 years)

• Introductory Biology
• Genomics 
• Lab Method in Genomics



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



Backwards Design of Curriculum
1. What will your students be able to do after this  
     lesson/activity/course? (learning objectives)  

2. How will you know if they can do this?  

3. What will your students do to gain this ability?



Bloom’s Taxonomy of Learning

http://w
w

w
.learnnc.org/lp/m

edia/m
isc/2008/bloom

s_old.png

handout



Your Turn

Think of one class to focus on today.

Look at Bloom’s taxonomy & pick the level to target.

Write one learning objective using Bloom’s verbs. 



How People Learn Best

• construct our own knowledge
• connect to previous 

knowledge
• guided enquiry effective
• lecturing is coverage,  

not learning



How People Learn Best

• construct our own knowledge
• connect to previous 

knowledge
• guided enquiry effective
• lecturing is coverage,  

not learning

http://gocoderz.com/wp-content/uploads/2015/01/110115-229.jpg



Biology Has Become A Religion

https://salemnet.vo.llnwd.net/media/cms/CCOM/13346-preacher_bible_church630x315.630w.tn.jpg

INTRO BIOLOGY



Biology Has Become A Religion

http://media.salemwebnetwork.com/cms/blog/2467849/boring-preacher/bored-in-church1.jpghttps://salemnet.vo.llnwd.net/media/cms/CCOM/13346-preacher_bible_church630x315.630w.tn.jpg

INTRO BIOLOGY

• no data
• accept on faith
• repeat what told
• too much detail
• not science



I want my students to think like scientists, 
but not necessarily stay in science. 

WWSD?

http://www.fair.org/wp-content/uploads/2013/02/Powell-UN.jpg



WWSD?

http://media.graytvinc.com/images/810*455/Three+Hurricanes+at+the+same+time.jpg

I want my students to think like scientists, 
but not necessarily stay in science. 



Extracted Text: data interpretation
Students need to practice:

interpreting data
constructing knowledge
making connections.

Chapter 13.2 Emergent Property at Molecular Level

handout



Extracted Text: data interpretation
formative assessment and class activity

hemoglobin handout

synthesize the data and information
to complete the tables on the new handout

handout



Extracted Text: ELSI 
Students need to connect new knowledge to existing:

draw on life experience
remember past interactions
provide practical advice 

ELSI 4.1 Are evolution and religion compatible?

handout



think-pair-share
What do you do when a student tells you  

they believe the Bible literally? 

Extracted Text: ELSI 



Interactive: BioMath Exploration
Students need to practice:

interpreting mathematical model
connect model to real world experience
apply math to gain biological insights

BME 13.1 How can you quantify cooperativity?

handout



graph hemoglobin’s affinity 

high affi
nity

low affi
nity

O2 binding

slope = __

Interactive: BioMath Exploration



graph hemoglobin’s affinity 

high affi
nity

low affi
nity

O2 binding

slope = 2.8

Interactive: BioMath Exploration



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?



Your Turn
Map out active learning module for your course. 

https://www.ibiology.org/scientific-teaching/active-learning.html

https://www.ibiology.org/scientific-teaching/active-learning.html


End of Semester Course Evaluations

“Lecture and lab are not integrated.”
traditional textbook + traditional lab



“Lecture and lab are not integrated.”

End of Semester Course Evaluations

“I love how lecture and lab are so integrated!”
ICB textbook + traditional labs

traditional textbook + traditional lab

handout



Trait Inquiry Lab CURE SURE

scientific practice yes yes yes

discovery yes yes yes

relevance rarely yes yes

collaboration yes yes yes

iteration no yes yes

CBE LSE Vol. 13, 29–40, Spring 2014

What’s lacking in Lab?



synthetic biology

taste evolution

antibiotic resistance

week 1 week 15

What’s lacking in Lab?

No Relevance



synthetic biology

taste evolution

antibiotic resistance

week 1 week 15

What’s lacking in Lab?

No Iteration



WWSD?
What Would a Scientist Do?



Provide Iteration, Sustain Relevance

synthetic biology I

taste evolution

antibiotic resistance

week 1 week 15

synthetic biology II



pClone Red

RBS RBSGFP RFP

Bsa I Bsa I

AmpR Ori

J119137



pClone Red
all colonies green

RBS RBSGFP RFP

Bsa I Bsa I



RBS RBSGFP RFP

Golden Gate Assembly Method

Bsa I Bsa I

Bsa I + ligase



RBS RBSGFP RFP

GGA Cloning Always Works
Bsa I Bsa I



First Year Students in 3 Hour Lab

no gel purifications!

RBS RBSGFP RFP



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

Student Sample, November 2012



Student Research, October 2016



First Year Promoters in Registry

{



One Lab Group’s Promoter, upp



Negative Control vs Colony #1

neg. 
con.

neg. 
con. 

+UTP
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Positive Control vs Colony #2



col   
#2

col   
#2 

+UTP

pos   
con. 

pos   
con. 

+UTP

Positive Control vs Colony #2



Students Discovered Strong Promoter



RBSGFP RFP

Bsa I Bsa I

J119384

rClone Red (ribosome research)



RBSGFP RFP

Bsa I Bsa I

RBS
12 - 60 bp

J119384

rClone Red (ribosome research)



rClone Red (student-designed RBS)



J119361

tClone Red (terminator research)

RBS RBSGFP RFP

Bsa I Bsa I



(+   )

J119361

RBS RBSGFP RFP

Bsa I Bsa I

(optional ligand)60 - 230 bp

OR

tClone Red (terminator research)



tClone Red (student-designed terminators)



tClone Red (student-designed terminators)



J100205

repClone Red

Bsa I

RBS RFP

Bsa I



J100205

repClone Red

Bsa I

RBS RFP

Bsa I

Ptet

54 bp



J100306

repClone Red

Bsa I

RBS RFP

Bsa I



J100306

repClone Red

Bsa I

RBS RFP

Bsa I



J100306

repClone Red

Bsa I

RBS RFP

Bsa I
aTc



Student Results repClone Red F2017
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Student Results repClone Red F2017



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

OmpC

5’ PompR



J100309 = WT

RBS RFP

actClone Red

60 bp
C1 C2 C3

RBSGFP

all of PompR
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Student Results actClone Red F2017



actClone Red

Genuine Introductory Student Research

repClone Red

tClone Red

rClone RedpClone Red



CBE LSE Vol. 14, 1 - 13, Spring 2015

Critical Aspects in CURE Experiences
select or design all 

or part of data 
collection methods

analyze 
results

read & evaluate 
science literature

collect 
novel data

present work  
outside class

work collaboratively 
with peers

activities
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Teaching Should Be Fun!




