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What	  is	  
the	  state	  
of	  21st	  
Century	  
biology	  
teaching	  
and	  
learning?	  



Literature:	  	  25	  Years	  of	  Calls	  for	  Reform	  
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 “Realizing	  that	  the	  status	  quo	  in	  science	  educaMon	  is	  not	  
achieving	  the	  results	  we	  need,	  we	  have	  to	  undertake	  this	  
bold	  challenge	  …”	  

-‐	  Arden	  Bement,	  Former	  Director,	  Na3onal	  Science	  Founda3on	  

In,	  Vision	  and	  Change	  In	  Undergraduate	  Biology	  EducaMon:	  A	  Call	  to	  
AcMon.	  2009.	  American	  AssociaMon	  for	  the	  Advancement	  of	  Science.	  

Conclusion:	  
➙ “TradiMonal”	  model	  of	  introductory	  
biology	  isn’t	  preparing	  students	  for	  
the	  “new”	  biology.	  



What	  is	  the	  “new”	  biology?	  

	  	  	  	  	  -‐	  How	  is	  the	  science	  of	  biology	  changing?	  



Changing	  nature	  of	  biology:	  	  volume	  

Text	   Units	   Chs	   Pages	  

Biology,	  8th	  ed.	  
Campbell	  et	  al.	  

8	   56	   1267	  

Biological	  Science,	  2nd	  ed.	  
Freeman	  et	  al.	  

9	   55	   1283	  

Biology,	  The	  Dynamic	  Science	  
Russell	  et	  al.	  

7	   55	   1289	  

Biology,	  2nd	  ed.	  
Brooker	  et	  al.	  

8	   60	   1282	  

Life,	  9th	  ed.	  
Sadava	  et	  al.	  

10	   59	   1259	  



CompartmentalizaMon,	  linearity	  





Contemporary	  biology	  is	  the	  study	  
of	  systems.	  





Systems	  Thinking	  Skills:	  

 IdenMfy	  system	  components	  and	  processes	  

 Organize	  into	  a	  meaningful	  framework,	  based	  
on	  system	  interacMons	  

 Understand	  dynamic	  nature	  of	  interacMons	  
that	  traverse	  scales	  (space,	  Mme)	  

 IdenMfy	  and	  predict	  system	  feedbacks,	  cycles,	  
and	  emergent	  properMes	  

(Pennisi	  2003;	  Ben-‐Zvi	  Assaraf	  &	  Orion	  2005;	  Stave	  &	  Hopper	  2007)	  



Preparing	  
students	  for	  
systems	  
thinking?	  
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Introductory	  Biology	  Reform	  at	  MSU	  

NSF,	  CCLI	  –	  Long,	  PI	  

Project	  Objec%ve:	  	  Design,	  implement	  and	  evaluate	  the	  
impacts	  of	  introductory	  biology	  reform.	  



How do we (most university faculty) 
design a course? 



Backward	  Design	  

Goals	   Assessment	   InstrucMon	  

What	  evidence	  
will	  we	  accept?	  

How	  can	  we	  	  
best	  prepare	  
students?	  

What	  should	  
students	  know,	  
be	  able	  to	  do?	  

Adapted	  from	  Wiggins	  and	  McTighe	  (1998)	  



Goals for Intro Bio 

Literature	  

•  Nature	  of	  science	  
	  	  	  	  	  	  	  	  	  	  -‐	  Construct,	  interpret,	  evaluate,	  apply,	  and	  

communicate	  scienMfic	  informaMon	  (i.e.,	  data,	  
models,	  arguments,	  evidence)	  

Program	  

•  Prepare	  students	  for	  upper-‐division	  
coursework	  

	  	  	  	  	  	  	  	  	  	  -‐	  FoundaMonal	  knowledge	  in	  geneMcs,	  
ecology,	  evoluMon	  

Faculty	  



 “About	  95%	  of	  the	  students	  I	  get	  can	  memorize	  
informa3on,	  but	  they	  can’t	  do	  anything	  with	  it	  -‐	  like	  
apply	  it	  to	  a	  real	  problem.”	  

 “[Students]	  don’t	  seem	  able	  to	  make	  connec3ons	  
among	  concepts;	  they	  don’t	  see	  how	  you	  can	  transfer	  a	  
basic	  principle	  to	  a	  new	  situa3on.”	  

 “Students	  are	  willing	  to	  believe	  anything	  they	  find	  on	  
the	  web	  –	  it	  appears	  they	  don’t	  cri3cally	  evaluate	  the	  
informa3on	  they	  are	  exposed	  to.”	  

 “I	  think	  our	  majors	  should	  be	  able	  to	  read	  the	  Science	  
sec3on	  of	  the	  New	  York	  Times	  and	  be	  able	  to	  explain	  it	  
to	  their	  grandmother.”	  	  	  

MSU	  Biology	  Faculty	  Feedback	  



0	   1	   2	   3	   4	   5	   6	   7	   8	   9	   10	  

Apply,	  connect,	  transfer	  

Models,	  representaMons	  

Evaluate	  info	  

Science	  process	  

Recall	  

MoMvaMon	  

MSU	  Faculty	  Feedback	  (n=10)	  



Goals for Intro Bio 

Literature	  

•  Nature	  of	  science	  
	  	  	  	  	  	  	  	  	  	  -‐	  Construct,	  interpret,	  evaluate,	  apply,	  and	  

communicate	  scienMfic	  informaMon	  (i.e.,	  data,	  
models,	  arguments,	  evidence)	  

Program	  

•  Prepare	  students	  for	  upper-‐division	  
coursework	  

	  	  	  	  	  	  	  	  	  	  -‐	  FoundaMonal	  knowledge	  in	  geneMcs,	  
ecology,	  evoluMon	  

Faculty	  

•  Apply	  concepts	  
•  Make	  connecMons	  
•  Transfer	  principles	  



Backward	  Design	  

Goals	   Assessment	   InstrucMon	  

What	  evidence	  
will	  we	  accept?	  

What	  should	  
students	  know,	  
be	  able	  to	  do?	  

Adapted	  from	  Wiggins	  and	  McTighe	  (1998)	  

How	  can	  we	  	  
best	  prepare	  
students?	  



Data	   Models	   Arguments	  

Tools	  of	  Science	  

Collect	  
Graph	  

Interpret	  
Analyze	  
Evaluate	  

Claim	  
Evidence	  
Warrant	  



  The trees in section one that are smaller grow taller so that 
they can compete with the larger tree for sunlight.  When this 
happened, the short-necked animals weren't able to eat as 
well as the dino with a long neck.  The idea is that in box two, 
the long-necked dino survives because it is able to obtain food 
better.  It is able to reproduce because it doesn't die, and is fit 
and strong to live.  The dino produces offspring with the trait 
and gradually over time, offfspring with longer necks are more 
fit to eat and survive to produce offspring.  Thus, in box 3, the 
long-necked dinos are present.	  





Structure	  1	  

Structure	  2	  

Structure	  4	  

Be
ha
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or
	  1
-‐2
	  

Behavior	  2-‐4	  

Behavior	  3-‐1	  

Structure	  3	  

System	  Model	  

 Inspired	  by	  Structure-‐Behavior-‐FuncMon	  Theory	  (SBF;	  
Goel	  1996).	  



Structure	  1	  

Structure	  2	  

Structure	  4	  

Be
ha
vi
or
	  1
-‐2
	  

Behavior	  2-‐4	  

Behavior	  3-‐1	  

Structure	  3	  

Structures	   system	  components	  
(usually	  nouns)	  



Structure	  1	  

Structure	  2	  

Structure	  4	  

Be
ha
vi
or
	  1
-‐2
	  

Behavior	  2-‐4	  

Behavior	  3-‐1	  

Structure	  3	  

Behaviors	   system	  processes	  
(usually	  verbs)	  

-‐	  describe	  relaMonships	  
between	  pairs	  of	  structures.	  



Structure	  1	  

Structure	  2	  

Structure	  4	  

Be
ha
vi
or
	  1
-‐2
	  

Behavior	  2-‐4	  

Behavior	  3-‐1	  

Structure	  3	  

FuncMon	  

output,	  
role,	  

purpose	  of	  
a	  system	  



Simplifying	  Complexity:	  
Analyzing	  Students’	  Models	  of	  Biological	  
Systems	  

 What	  concepts	  do	  students	  view	  as	  relevant	  to	  a	  
system?	  

 How	  do	  students	  organize	  their	  thinking?	  
 How	  do	  student	  models	  change	  over	  Mme?	  

 Do	  students	  use	  models	  to	  formulate	  predicMons	  
and	  explanaMons?	  

 How	  do	  students	  evaluate	  models?	  

 Are	  student-‐constructed	  models	  accurate	  
representaMons	  of	  their	  thinking?	  

NSF,	  REESE	  –	  Long,	  PI	  



Simplifying	  Complexity:	  
Analyzing	  Students’	  Models	  of	  Biological	  
Systems	  

 What	  concepts	  do	  students	  view	  as	  relevant	  to	  a	  
system?	  

 How	  do	  students	  organize	  their	  thinking?	  
 How	  do	  student	  models	  change	  over	  %me?	  

 Do	  students	  use	  models	  to	  formulate	  predicMons	  
and	  explanaMons?	  

 How	  do	  students	  evaluate	  models?	  

 Are	  student-‐constructed	  models	  accurate	  
representaMons	  of	  their	  thinking?	  

NSF,	  REESE	  –	  Long,	  PI	  



Goal:	  	  Develop	  students’	  understanding	  
of	  the	  connecMons	  among	  concepts	  in	  
geneMcs,	  evoluMon,	  and	  ecology.	  



Construct a systems model that shows relationships 
among the following concepts:!

  Gene 
  Chromosome 
  DNA 

Early	  in	  semester:	  





Construct a systems model that shows relationships 
among the following concepts. A correct model must:  
   a) explain how genetic variation originates and is      
       expressed;  
   b) illustrate the consequences of phenotypic variation  
       on fitness within the population; and,  
   c) be context-specific for the case provided.!

  Gene 
  Chromosome 
  Protein 
  Nucleotide  

  Phenotype  
  DNA 
  Allele 
  Fitness 

Late	  in	  semester:	  



Quiz	  2:	  

Final:	  
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Conclusions?	  

 All	  triMles	  of	  students	  demonstrate	  improved	  
understanding	  of	  concepts	  (correctness).	  
-  Greatest	  relaMve	  gain	  for	  lowest	  triMle	  

 Complexity	  increases	  through	  midterm,	  then	  
decreases	  by	  final	  exam.	  



Conclusions:	  

 Modeling	  is	  consistent	  with	  reform	  goals	  and	  
developing	  systems	  thinking	  skills	  
establishing	  connecMons	  among	  concepts	  

 Models	  are	  an	  authenMc	  form	  of	  instrucMon	  and	  
assessment	  –	  and	  pracMcal	  alternaMve	  for	  large	  
classes	  

 Models	  provide	  insight	  into	  student	  thinking	  
-  change	  over	  Mme	  
-  opportunity	  for	  instrucMonal	  intervenMon	  
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