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what do students really know?
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Biofundamentals

http://virtuallaboratory.colorado.edu/Biofundamentals/

• penalty for being “confidently” wrong
• small reward for recognizing “not knowing”
• possible to be “right” if justification validates choice
• allows for more ambiguous questions 
• emphasizes (to students) importance of thinking / transfer 
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There is "a damaging collusion between students on 
the one hand and faculty on the other –– a collusion 
in which students agreed to accept bad teaching 
provided that they were given bad examinations."   
– Peter Kennedy
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third option: conceptual assessments

Huffman, D. and P. Heller (1995). "What does the force concept inventory 
actually measure?" The Physics Teacher 33:138-143. 

Thursday, April 28, 2011



What “concepts” are we talking about?

Thursday, April 28, 2011



What “concepts” are we talking about?

One effort:The Biology Concept Framework 
Khodor et al. 2004. Cell Biol. Ed. 3:111-121. 

Thursday, April 28, 2011



What “concepts” are we talking about?

18 major subject headers, 89 secondary headers 
(and a number of sub-sub headers).  

One effort:The Biology Concept Framework 
Khodor et al. 2004. Cell Biol. Ed. 3:111-121. 

Thursday, April 28, 2011



What “concepts” are we talking about?

18 major subject headers, 89 secondary headers 
(and a number of sub-sub headers).  

One effort:The Biology Concept Framework 
Khodor et al. 2004. Cell Biol. Ed. 3:111-121. 

“11-4. ΔGº is a thermodynamic 
property – an inherent 
characteristic of a reaction 
regardless of the starting 
conditions” –  a physiochemical 
concept.  

Thursday, April 28, 2011



What “concepts” are we talking about?

18 major subject headers, 89 secondary headers 
(and a number of sub-sub headers).  

One effort:The Biology Concept Framework 
Khodor et al. 2004. Cell Biol. Ed. 3:111-121. 

“11-4. ΔGº is a thermodynamic 
property – an inherent 
characteristic of a reaction 
regardless of the starting 
conditions” –  a physiochemical 
concept.  

“3-4. Many metabolic pathways are 
conserved across the evolutionary 
spectrum (e.g. glycolysis)” which 
posits an implicit understanding of 
metabolism, metabolic pathways, 
evolutionary mechanisms and 
relationships.    
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In retrospect, the BCi is not a true concept inventory: 

1) typically CIs built with “Sequestered Problem Solving” (SPS), 
non-constructavist structure (memory based, non-transferrable)
(Schwartz et al, 2009).  BCi has a more PFL (preparation for future 
learning) structure based on transfer to new situations

2) to be robust, a CI must focus a number of independent items 
on a particular concept. Quite difficult in biology without 
“over-specification” - BCi is not “deep enough”.

3) many CIs are based on assumption that “professionals” know 
the right answers!  BCi questions are weird, and often confuse 
“experts”.  
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BCi questions as useful diagnostics: particular when students 
are asked to explain why wrong responses are wrong (and 
you listen to their answers).
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Trujillo & Klymkowsky, Using graph-based assessments within Socratic tutorials to reveal and 
refine studentsʼ analytical thinking about molecular networks. BAMED submitted.
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16 assumptions: grouped into four major areas: 

ii) the time required for RNA and polypeptide synthesis 

(transcription and translation); 

i) the effects of an activator/repressor on the rate of 

transcription initiation; 

iii) the half lives of the RNA and polypeptides produced; 

 iv) the nature of the interactions between proteins, and 

between proteins and other molecules.
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I’ll pause for a moment 
so you can let this 
information sink in.

~50% of students explicitly stated only 1 
assumption; 30% stated two
~12% stated more than two. 

~78% of graphic responses 
implied B induced the degradation 
of A; only ~13% stated this 
assumption explicitly.

~80% of assumptions involved the nature of 
the negative feedback interaction.

~85% failed to indicate delay between gene activation and polypeptide 
appearance.
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OrganicPad: inspiration for SocraticGraphs

Cooper, et al. Chem. Educ. Res. Pract. 2009, 10, 296-301.
Cooper et al.. 2010 J. Chem Ed.,DOI: 10.1021/ed900004y.

Sam Bryfczynski     and Melanie Cooper
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Embodied Cognition – “Gesturing Makes Learning Last”

Cook	  et	  al.,	  2008.	  Cogni&on	  106,	  1047	  
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representation system 
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Chemistry has an image problem

“Chemistry is the subject that at least 6 out of every 
6.0225 Americans insist they “flunked in high school.” 

Angier,	  N.	  (2007).	  The	  canon:	  A	  whirligig	  tour	  of	  the	  beau4ful	  basics	  of	  science.	  New	  York:	  Houghton	  Mifflin.
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If you listen to chemists, it is biologists’ fault that 
students believe that breaking bonds releases 
energy, but  

Based on edʼs tools question analyses by Cooper et al.  
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If you listen to chemists, it is biologists’ fault that 
students believe that breaking bonds releases 
energy, but  

Based on edʼs tools question analyses by Cooper et al.  

yet... Level %  with misconceptions

Gen Chem (77) 50

Organic (172) 65

Inorganic (13) 54

Analytical (35) 51

P Chem (16) 56

Graduate students (21) 68

Post Docs (25) 68
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Evidence that current textbook design and approaches to 
teaching actually are counterproductive

Gurung, R. A. R., & Daniel, D.  (2005). Evidence-Based Pedagogy: Do Pedagogical Features Enhance Student 
Learning? In D. Dunn & S. L. Chew (Eds.), Best Practices for Teaching Introductory Psychology. Mahwah, NJ: 
Earlbaum.
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DUE 0816692 Chemistry and the logic of life / Cengage 
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For both CLUE & Biofundamentals
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Learning Approach

• Elicit student thinking about concepts
• Make students explicitly reflect about their 

answers and observations; ask them to explain.
• Spiral approach
• Repeated, formative assessment

– Karpicke & Roediger et al. 2008. The critical importance of 
retrieval for learning. Science 319, 966-8. 
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More information: 

Google: Biofundamentals, Bioliteracy,
               BeSocratic.clemson or colorado.edu
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