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Towards a coherent & interactive 
curriculum in the sciences
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& our students

thanks

Melanie Cooper (Clemson) & the CLUE team
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Who & what is science education for? 
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depends on
public support
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Has effects 
beyond the 

generation of 
scientists
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which is not without consequences
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other 
“clients”
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Model I:  Success is in generating scientists 
- equivalent of producing best selling authors, accomplished 
musicians, successful athletes and entrepreneurs)
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Model I:  Success is in generating scientists 
- equivalent of producing best selling authors, accomplished 
musicians, successful athletes and entrepreneurs)

Q: Does this come with unintended consequences for non-    
     scientists?
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Model II:  Success is teaching people to 
understand (teach) science: how to read, 
appreciate music, understand the “game”. 
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Q: Should teachers be our “target” 
audience.  Do they represent our most 

important student population?

Model II:  Success is teaching people to 
understand (teach) science: how to read, 
appreciate music, understand the “game”. 
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Q: Should teachers be our “target” 
audience.  Do they represent our most 

important student population?

Q: Would this improve learning
outcomes for all students?

Model II:  Success is teaching people to 
understand (teach) science: how to read, 
appreciate music, understand the “game”. 
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either way, remember that scientific thinking is unnatural (hard)

Thinking fast and slow. 
Daniel Kahneman (2011)
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either way, remember that scientific thinking is unnatural (hard)

Thinking fast and slow. 
Daniel Kahneman (2011)
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Acting as if scientific ideas are
obvious, easily mastered, or easy to
accepted can leave students
feeling stupid.
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Acting as if scientific ideas are
obvious, easily mastered, or easy to
accepted can leave students
feeling stupid.
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“...new physical concepts 
are born in the painful 

struggle with old ideas.”

- Einstein & Infeld, 1967. The Evolution of Physics. 
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understanding builds on foundations: 

thinking about magnets

what the student knows
(or thinks they know)

Vygotsky, L.S. (1978). Mind and society: The development of higher psychological processes. Harvard University Pres
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understanding builds on foundations: 

thinking about magnets

what the student could learn
         ( with help, i.e. teaching)

what the student knows
(or thinks they know)

Vygotsky, L.S. (1978). Mind and society: The development of higher psychological processes. Harvard University Pres
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understanding builds on foundations: 

thinking about magnets

what is currently
beyond the student

what the student could learn
         ( with help, i.e. teaching)

what the student knows
(or thinks they know)

Vygotsky, L.S. (1978). Mind and society: The development of higher psychological processes. Harvard University Pres
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What are we expecting to achieve, exactly? 
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What are our “performance expectations” for students? 

What are we expecting to achieve, exactly? 
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What are our “performance expectations” for students? 

What do these expectations imply about what students 
need to know?

What are we expecting to achieve, exactly? 

Thursday, June 7, 12



What are our “performance expectations” for students? 

What do these expectations imply about what students 
need to know?

Are they attainable?  

What are we expecting to achieve, exactly? 
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What are our “performance expectations” for students? 

What do these expectations imply about what students 
need to know?

Are they attainable?  

or do they require curriculum redesign? 

What are we expecting to achieve, exactly? 
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NGSS draft performace expectation:
Model the development of long term memory
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NGSS draft performace expectation:
Model the development of long term memory

Superficial - cells change
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NGSS draft performace expectation:
Model the development of long term memory

Neurobiological: 
sensory inputs combine 
with pre-existing cellular 
and network structure (and 
activity) through
coordinated changes 
cellular morphology, 
synaptic position, structure, and 
efficiency, the integration of excitatory and inhibitory activity,
firing rates, and timing ⥤ changes in the activity of the neural 
networks that is linked (somehow) to detailed memory.   

Superficial - cells change
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Performance expectations & knowledge statements
http://virtuallaboratory.colorado.edu/Cell+Molecular/
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a cell biological performance expectation:

Students should be able to:

i) develop a model for how proteins come to be localized         
    in various parts of the cell; and 
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a cell biological performance expectation:

Students should be able to:

i) develop a model for how proteins come to be localized         
    in various parts of the cell; and 

ii) use that model to predict the effects of mutation on 
    protein localization.
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a cell biological performance expectation:

Students should be able to: 
i) develop a model for how various proteins come to be localized in various parts of the cell; 
and ii) use that model to predict the effects of mutation on protein localization.

Should include: 
- polypeptide synthesis occurs in the cytoplasm
  - it is vectorial (from N- to C-terminus).  
- often continues until polypeptide’s synthesis is complete
  - can be paused allowing movement rto the endoplasmic reticulum (ER)
      - based on signal sequence/SRP and its interaction with ER-associated 
          receptor/translocation complex
      - allows translation to resume, polypeptide enters ER membrane
- cytoplasmic polypeptides that are components of multisubunit proteins 
    interact with molecular chaperones to assemble protein. 
- presumes the pre-existence of cellular machinery (The Cell Theory).  
- some cytoplasmic proteins remain cytoplasmic because they are too large 
   to move (via diffusion) through the nuclear pore complex (NPC)
- some, small enough to pass through the NPC, accumulate within the 
   nucleus because they bind to intranuclear components, such as chromatin.  
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a cell biological performance expectation:

students should be able to develop a model for how various proteins come to be located in 
various parts of the cell, and based on that model predict the effects of various  types of 
mutations on protein localization

Should include (continue):
- Larger, nuclearly localized molecules rely on various active, that is, 
    generally ATP-hydrolysis coupled, reactions, involving the NPC transport 
   machinery and nuclear localization sequences (NLS).  
- nuclear exclusion sequence (NES) lead to active transport out of the nucleus
- Both NLSs and NESs activity can be regulated 
- macromolecular assembly can involve transport of components from the 
  cytoplasm to the nucleus and then back to the cytoplasm. 
- cytoplasmic proteins can be transported into intracellular organelles. 
- ER protein can be localized to various various organelles or delivered to the 
  plasma membrane
- proteins secreted from one cell can be taken up by other cells 
- There are various “quality control” mechanisms that facilitate the return of 
   mislocalized proteins to their correct locations or refolding, and if 
   unsuccessful, the degradation of misfolded or mislocalized proteins
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Can we use a reiterative design
process to arrive at an 
effective, coherent and 
realistic “learning-
based” curriculum?
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Can we use a reiterative design
process to arrive at an 
effective, coherent and 
realistic “learning-
based” curriculum?

A curriculum that is likely to be “simpler”.  
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to be a little provocative....

should the needs of (say) a molecular biology curriculum ....
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to be a little provocative....

should the needs of (say) a molecular biology curriculum ....

“dictate” the goals of the physics, chemistry, 
and mathematics courses we require our 

majors to take?
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to be a little provocative....

should the needs of (say) a molecular biology curriculum ....

“dictate” the goals of the physics, chemistry, 
and mathematics courses we require our 

majors to take?

or will it lead to dropping requirements for 
(largely) irrelevant courses.  
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to be a little provocative....

should the needs of (say) a molecular biology curriculum ....

“dictate” the goals of the physics, chemistry, 
and mathematics courses we require our 

majors to take?

or will it lead to dropping requirements for 
(largely) irrelevant courses.  

alternatively, can one be (scientifically) literate within out a 
foundational understanding of modern biology? 
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to be a little provocative....

How can we cooperate effectively? 
Can we all get along? 

should the needs of (say) a molecular biology curriculum ....

“dictate” the goals of the physics, chemistry, 
and mathematics courses we require our 

majors to take?

or will it lead to dropping requirements for 
(largely) irrelevant courses.  

alternatively, can one be (scientifically) literate within out a 
foundational understanding of modern biology? 
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We are involved in three efforts at building
coherent courses. 
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We are involved in three efforts at building
coherent courses. 

BIOFUNDAMENTALS 
(to replace intro. molecular biology)
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We are involved in three efforts at building
coherent courses. 

BIOFUNDAMENTALS 
(to replace intro. molecular biology)

CLUE-CHEMISTRY (w. Melanie Cooper)
(to replace intro. chemistry)
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We are involved in three efforts at building
coherent courses. 

CALCULUS, STOCHASTICS & MODELING (CSM)
(w. Eric Stade)(to replace calculus 1)

BIOFUNDAMENTALS 
(to replace intro. molecular biology)

CLUE-CHEMISTRY (w. Melanie Cooper)
(to replace intro. chemistry)
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Melanie Cooper will go into more detail tomorrow
(so rebook your flight!!!!) 
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LISTEN TO STUDENTS (talking to students)
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http://virtuallaboratory.colorado.edu/
Biofundamentals/lectureNotes/Topic1E_Evo.htm
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USE  Multiple FORMS OF 
“CONCEPTUAL ASSESSMENT”
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36

Text
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Text
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Molecular level thinking

Q25: Imagine an ADP molecule inside a bacterial cell. Which best describes how it would 
manage to "find" an ATP synthase so that it could become an ATP molecule?

❍  a. It would follow the hydrogen ion flow.
❍  b. The ATP synthase would grab it.
❍  c. Its electronegativity would attract it to the ATP synthase.
❍  d. It would actively be pumped to the right area.
❍  e. Random movements would bring it to the ATP synthase.
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Molecular level thinking

Q25: Imagine an ADP molecule inside a bacterial cell. Which best describes how it would 
manage to "find" an ATP synthase so that it could become an ATP molecule?

❍  a. It would follow the hydrogen ion flow.
❍  b. The ATP synthase would grab it.
❍  c. Its electronegativity would attract it to the ATP synthase.
❍  d. It would actively be pumped to the right area.
❍  e. Random movements would bring it to the ATP synthase.
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Random processes seem impossible

http://www.nobelprize.org/nobel_prizes/chemistry/laureates/2003/chemanim1.mpg
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The difficult of randomness
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The difficult of randomness

Because mutations are random, the cannot lead to useful 
effects; either evolution cannot occur or must require (super 
natural) guidance!
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The difficult of randomness

Because mutations are random, the cannot lead to useful 
effects; either evolution cannot occur or must require (super 
natural) guidance!

Our suggestion: 
Address the issue head on, illustrate/emphasize that 
stochastic processes (however silly they look) “work” 
at the molecular level.
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What do responses tell us?
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BCI Q: 23 An individual, "A", displays two distinct traits. A single, but different gene 
controls each trait. You examine A's offspring, of which there are hundreds, and find that 
most display either the same two traits displayed by A, or neither trait. There are, 
however, rare offspring that display one or the other trait, but not both.

A. The genes controlling the two traits are located on different chromosomes. 
B. The genes controlling the two traits are located close together on a single 
chromosome. 
C. The genes controlling the two traits are located at opposite ends of the same 
chromosome. 

What do responses tell us?
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BCI Q: 23 An individual, "A", displays two distinct traits. A single, but different gene 
controls each trait. You examine A's offspring, of which there are hundreds, and find that 
most display either the same two traits displayed by A, or neither trait. There are, 
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A. The genes controlling the two traits are located on different chromosomes. 
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What do responses tell us?
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Leaves unanswered, whether students 
understand why (biologically) gene linkage is 

important?
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Look at other student thinking other ways....
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Look at other student thinking other ways....

Using more informative instruments:
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43

Look at other student thinking other ways....

Using more informative instruments:
graphic analysis (Trujillo et al 2012. BAMBED 40:100) 
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Look at other student thinking other ways....

Using more informative instruments:
graphic analysis (Trujillo et al 2012. BAMBED 40:100) 
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Look at other student thinking other ways....

Using more informative instruments:
graphic analysis (Trujillo et al 2012. BAMBED 40:100) 
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Discovering student thinking ...  
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Discussed 
further by 
Melanie
Cooper 
(tomorrow)
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Look at other student thinking other ways....
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Look at other student thinking other ways....

Using more informative instruments
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46

Look at other student thinking other ways....

Using more informative instruments
- textual analysis (Hensen et al 2012. Biology Open, online)
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46

Look at other student thinking other ways....

Using more informative instruments
- textual analysis (Hensen et al 2012. Biology Open, online)
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Provide context through Muller’s morphs 
(1932). Further studies on the nature and causes of gene mutations. Sixth Int. Cong. Genet. 1, 
213–255.
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Provide context through Muller’s morphs 
(1932). Further studies on the nature and causes of gene mutations. Sixth Int. Cong. Genet. 1, 
213–255.
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Henson, Cooper & Klymkowsky. 2012. Turning randomness into meaning at the molecular level using Muller’s morphs. Biology Open, in press.

Coding student responses
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Henson, Cooper & Klymkowsky. 2012. Turning randomness into meaning at the molecular level using Muller’s morphs. Biology Open, in press.
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50Lasry et al., 2011. Am. J. Phys 79:909-912 

“The puzzling conclusion is that although individual 
FCI responses are not reliable, the FCI total score is 
highly reliable.” 

caveats on concept inventories (multiple choice tests)
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50Lasry et al., 2011. Am. J. Phys 79:909-912 

“The puzzling conclusion is that although individual 
FCI responses are not reliable, the FCI total score is 
highly reliable.” 

“This study confirms that the total FCI score reliably 
measures a single concept, although our analysis is silent 
as to the nature of this concept.” 

caveats on concept inventories (multiple choice tests)
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The under appreciated pitfalls of various instruments 
(channeling Michael Whitman) 
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51

The under appreciated pitfalls of various instruments 
(channeling Michael Whitman) 

The story was always the same: our ability to predict 
performance at the school was negligible. Our forecasts 
were better than blind guesses, but not by much. - 
Daniel Kahneman
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WYSIATI:  “What you see is all there is.” 
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Simple check: 
Ask students to explain why “incorrect” 
choices are wrong. 

WYSIATI:  “What you see is all there is.” 
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Control Chemistry

CLUE Chemistry

*
* ** * * *
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After first semester 
of intro. chemistry

n.b. started with 90 in each 
group and followed them over 

two years 
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After second semester 
of intro. chemistry 
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After first semester 
of intro. chemistry

n.b. started with 90 in each 
group and followed them over 

two years 
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After one semester 
of organic chemistry 
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After two semesters 
of organic chemistry 

After one semester 
of organic chemistry 
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Summary: 

We have evidence that coherently designed 
curriculum are more effective in promoting 
student learning.

Course/curriculum need to be:
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Summary: 

We have evidence that coherently designed 
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Summary: 

We have evidence that coherently designed 
curriculum are more effective in promoting 
student learning.

Course/curriculum need to be: relevant
rigorous
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Summary: 

We have evidence that coherently designed 
curriculum are more effective in promoting 
student learning.

Course/curriculum need to be: relevant
rigorous
coherent
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Summary: 

We have evidence that coherently designed 
curriculum are more effective in promoting 
student learning.

Course/curriculum need to be: relevant
rigorous
coherent
realistic
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