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What	  is	  Evolu+on?	  

•  Talk	  to	  your	  neighbor	  and	  come	  up	  with	  two	  
things	  you	  can	  tell	  me	  about	  the	  biological	  
theory	  of	  evolu+on.	  



How might a biology/science student 
explain the theory of evolution? 



Evolu+on	  =	  Natural	  Selec+on	  	  



Darwin’s	  Evolu+on	  

•  Had	  no	  knowledge	  of	  gene+cs.	  
•  Connected	  evolu+on	  with	  ecology.	  



Ecology	  and	  Evolu+on	  
•  Beak	  size	  in	  Galapagos	  Finches	  





How would we like biology/science 
students to explain the theory of 

evolution? 



Word	  cloud	  of	  the	  Aims	  and	  Scope	  of	  journals	  that	  have	  “Evolu;on”	  in	  their	  ;tle	  



	  

Evolu+on	  is	  cross-‐disciplinary.	  



ORen+mes,	  students	  complete	  their	  biology	  
educa+on	  without	  fully	  understanding	  how	  
well	  supported	  the	  theory	  of	  evolu+on	  is.	  



Tradi+onal	  undergraduate	  instruc+on	  does	  
not	  necessarily	  help	  students	  understand	  

evolu+on.	  
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Goals:	  
•  Help	  students	  understand	  evolu+on	  as	  an	  
integra+ve	  biological	  theory	  that	  spans	  across	  
biological	  sub-‐disciplines.	  

	  

•  Provide	  curricular	  resources	  for	  biology	  
instructors	  so	  they	  can	  teach	  evolu+on	  as	  an	  
integra+ve	  biological	  theory.	  



www.evo-‐ed.com	  

Trichroma+c	  
Vision	  Evolu+on	  
in	  Primates	  

Fur	  Color	  
Evolu+on	  in	  
Beach	  Mice	  

Toxin	  Resistance	  
Evolu+on	  in	  

Clams	  

Seed	  Taste	  
Evolu+on	  in	  Field	  

Peas	  



“What	  does	  a	  Case	  look	  like?”	  
www.evo-‐ed.com	  



The	  Case	  of	  	  
Color	  Vision	  Evolu+on	  in	  	  

Monkeys	  

hZp://www.evo-‐ed.com	  



What	  is	  Evolu+on?	  

•  Talk	  to	  your	  neighbor	  and	  come	  up	  with	  two	  
things	  you	  can	  tell	  me	  about	  evolu+on.	  



What	  is	  Evolu+on?	  
A.  Descent	  with	  modifica+on.	  
B.  The	  change	  of	  allele	  frequency	  within	  

a	  popula+on	  over	  +me.	  
C.  The	  process	  by	  which	  different	  

species	  diversified	  from	  earlier	  forms	  
during	  earth’s	  history.	  

D.  Natural	  selec+on	  of	  advantageous	  
traits.	  

E.  Gene+c	  muta+on	  that	  results	  in	  an	  
altered	  phenotype.	  



On	  to	  color	  vision	  
evolu+on	  in	  monkeys…	  



What	  is	  colorblindness?	  

Reduced	  ability	  to	  interpret	  light	  as	  color.	  
	  
	  
	  
	  
	  
	  

1	  in	  12	  males	  are	  colorblind.	  
<	  1	  in	  100	  females	  are	  colorblind.	  



Are	  You	  Colorblind?	  

A)  No	  (Female)	  
	  

B)  Yes	  (Female)	  
	  

C)  No	  (Male)	  
	  

D)  Yes,	  very	  (Male)	  
	  

E)  Yes,	  somewhat	  (Male)	  
	  



Color	  Vision	  in	  Monkeys	  

	  
Species:	  White	  Headed	  Capuchin	  
Lives:	  Central	  and	  South	  America	  
Vision:	  Dichroma+c	  vision	  (i.e.	  
“colorblind”.	  

	  
Species:	  Grey	  Cheeked	  Mangabey	  
Lives:	  Africa	  
Vision:	  Trichroma+c	  vision	  (i.e.	  like	  
most	  humans)	  



Color	  Vision	  in	  Monkeys	  

	  
Species:	  Black	  Squirrel	  Monkey	  
Lives:	  Central	  and	  South	  America	  
Vision:	  Dichroma+c	  vision	  

	  
Species:	  Japanese	  Macaque	  
Lives:	  Asia	  
Vision:	  Trichroma+c	  vision	  



Color	  Vision	  in	  Monkeys	  

	  
Species:	  Pied	  Tamarin	  
Lives:	  Central	  and	  South	  America	  
Vision:	  Dichroma+c	  vision	  

	  
Species:	  Roloway	  Monkey	  
Lives:	  Africa	  
Vision:	  Trichroma+c	  vision	  



What	  have	  you	  no+ced?	  
	  
	  
	  



Monkeys	  of	  the	  World	  

NEW	  WORLD	  
OLD	  WORLD	  

TRICHROMATS	   DICHROMATS	  



Ecology…	  



Food	  Selec+on	  –	  	  
The	  Driver	  of	  Trichromacy	  Evolu+on?	  



Food	  Selec+on	  –	  The	  Research	  Part	  I	  

F	  1,10	  =	  8,	  p	  <	  0.05,	  Smith	  et	  al.,	  2003	  

TRICHROMATS	   DICHROMATS	  

Selected	  ripe	  fruit	  
53%	  of	  the	  +me.	  

Selected	  ripe	  fruit	  
37%	  of	  the	  +me.	  

Given	  choice	  of	  food…	  

vs.	  



Which	  peaches	  are	  ripe?	  

	  
A)  A	  
B)  B	  
C)  Both	  A	  and	  B	  
D)  Neither	  A	  nor	  B	  
E)  I	  can’t	  tell	  

A

B
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Which	  peaches	  are	  ripe?	  



If	  you	  were	  in	  a	  food-‐foraging	  compe++on,	  
would	  having	  color	  vision	  give	  you	  an	  advantage	  

over	  someone	  who	  was	  colorblind?	  

A)  Almost	  certainly.	  
B)  Some+mes.	  
C)  Unsure.	  
D)  Probably	  not.	  
E)  Absolutely	  not.	  
	  
	  



Let’s	  take	  a	  look…	  

A)  Almost	  certainly.	  
B)  Some+mes.	  
C)  Unsure.	  
D)  Probably	  not.	  
E)  Absolutely	  not.	  
	  
	  

	  
	  



Food	  Selec+on	  –	  The	  Research	  

Saito	  et	  al,	  2005	  

REWARD	   NO	  REWARD	  
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Food	  Selec+on	  –	  The	  Research	  

Saito	  et	  al,	  2005	  
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Food	  Selec+on	  –	  The	  Research	  
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hZp://www.evo-‐ed.com/Pages/Primates/PatchGame/PatchGame.html	  

	  



Food	  Selec+on	  –	  The	  Research	  

Saito	  et	  al,	  2005	  

TRICHROMATIC	  
VISION	  

DICHROMATIC	  
VISION	  



Food	  Selec+on	  –	  The	  Results	  

Saito	  et	  al,	  2005	  
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TRICHROMATS	   DICHROMATS	  

51% 85% REWARD	  



Food	  Selec+on	  –	  Summary	  

Research	  
suggests	  that	  
trichromatic	  
vision	  is	  more	  

likely	  to	  be	  
selected	  for	  
when	  food	  is	  
dis+nguished	  

from	  non-‐food	  
by	  color.	  

Research	  
suggests	  that	  
dichromatic	  
vision	  is	  more	  
likely	  to	  be	  
selected	  for	  
when	  food	  is	  
dis+nguished	  
from	  non-‐food	  
by	  shape.	  



Cell	  Biology…	  



How	  Does	  Color	  Vision	  Work?	  
Cell	  Biology:	  	  



How	  Does	  Color	  Vision	  Work?	  



Three	  types	  of	  Cone	  Cell	  

•  Different	  kinds	  of	  opsin	  proteins	  embedded	  in	  
the	  membrane	  of	  cone	  cells.	  

•  Central	  Dogma	  of	  Molecular	  Biology:	  
DNA	  à	  RNA	  à	  Protein	  
Genes	  code	  for….	  proteins	  



Cells	  and	  Proteins	  

•  When	  an	  opsin	  protein	  is	  s+mulated	  by	  a	  
photon	  of	  light,	  a	  signal	  is	  sent	  to	  the	  brain	  
and	  interpreted	  as	  light/color.	  

A	  transmembrane	  protein:	  Image	  7.8	  from	  Biology	  8th	  Ed.	  (Campbell	  and	  Reece)	  



The	  Role	  of	  Opsins	  
There	  are	  three	  types	  of	  opsins:	  
Short	  Wave	  Sensi+ve	  (SWS)	  
Medium	  Wave	  Sensi+ve	  (MWS)	  
Long	  Wave	  Sensi+ve	  (LWS)	  
	  
	  
An	  individual	  possessing	  only	  
SWS	  and	  MWS	  opsins	  will	  have	  
dichroma+c	  vision.	  
	  
An	  individual	  possessing	  SWS,	  
MWS	  and	  LWS	  opsins	  will	  have	  
trichroma+c	  vision.	  

SWS	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  MWS	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  LWS	  



Opsin	  Response	  to	  Light	  	  



How	  Does	  Color	  Vision	  Work?	  



Gene+cs…	  



Loca+on	  of	  Opsin	  Genes	  

The	  gene	  coding	  for	  
the	  SWS	  opsin	  
protein	  is	  located	  on	  
chromosome	  #7.	  
	  

The	  gene	  coding	  for	  
the	  MWS	  and	  LWS	  
opsins	  are	  located	  on	  
the	  X-‐chromosome.	  



Evolu+on	  of	  the	  LWS	  Opsin	  Gene	  

The	  LWS	  gene	  arose	  
through	  gene	  
duplica+on	  and	  gene	  
muta+on	  of	  the	  MWS	  
gene	  on	  the	  X-‐
chromosome.	  

GENE	  	  
DUPLICATION	  

GENE	  	  
MUTATION	  
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Gene	  Duplica+on	  



Unequal	  Crossing	  Over	  
(Meiosis,	  Prophase	  1)	  

XM	  XP	   XM	  XP	  
XM	  XP	  

Interphase	  S	   Prophase	  I	   …Telophase	  II	  
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MWS	  Opsin	  Gene	  vs.	  LWS	  Opsin	  Gene	  
(func+onal	  differences)	  

atggcccagcagtggagcctccaaaggctcgcaggccgccatccgcaggacagctatgaggacagcacccagtccagcatcttcac
ctacaccaacagcaactccaccagaggccccttcgaaggcccgaattaccacatcgctcccagatgggtgtaccacctcaccagtg
tctggatgatctttgtggtcattgcatccgtcttcacaaatgggcttgtgctggcggccaccatgaagttcaagaagctgcgccac
ccgctgaactggatcctggtgaacctggcggtcgctgacctggcagagaccgtcatcgccagcactatcagcgttgtgaaccaggt
ctatggctacttcgtgctgggccaccctatgtgtgtcctggagggctacaccgtctccctgtgtgggatcacaggtctctggtctc
tggccatcatttcctgggagaggtggctggtggtgtgcaagccctttggcaatgtgagatttgatgccaagctggccatcgtgggc
attgccttctcctggatctgggctgctgtgtggacagccccgcccatctttggttggagcaggtactggccccacggcctgaagac
ttcatgcggcccagacgtgttcagcggcagctcgtaccccggggtgcagtcttacatgattgtcctcatggtcacctgctgcatca
ccccactcagcatcatcgtgctctgctacctccaagtgtggctggccatccgagcggtggcaaagcagcagaaagagtctgaatcc
acccagaaggcagagaaggaagtgacgcgcatggtggtggtgatggtcctggcattctgcttctgctggggaccatacgccttctt
cgcatgctttgctgctgccaaccctggctaccccttccaccctttgatggctgccctgccggccttctttgccaaaagtgccacta
tctacaaccccgttatctatgtctttatgaaccggcagtttcgaaactgcatcttgcagcttttcgggaagaaggttgacgatggc
tctgaactctccagcgcctccaaaacggaggtctcatctgtgtcctcggtatcgcctgcatga!
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atggcccagcagtggagcctccaaaggctcgcaggccgccatccgcaggacagctatgaggacagcacccagtccagcatcttcac
ctacaccaacagcaactccaccagaggccccttcgaaggcccgaattaccacatcgctcccagatgggtgtaccacctcaccagtg
tctggatgatctttgtggtcattgcatccgtcttcacaaatgggcttgtgctggcggccaccatgaagttcaagaagctgcgccac
ccgctgaactggatcctggtgaacctggcggtcgctgacctggcagagaccgtcatcgccagcactatcagcgttgtgaaccaggt
ctatggctacttcgtgctgggccaccctatgtgtgtcctggagggctacaccgtctccctgtgtgggatcacaggtctctggtctc
tggccatcatttcctgggagaggtggctggtggtgtgcaagccctttggcaatgtgagatttgatgccaagctggccatcgtgggc
attgccttctcctggatctggtctgctgtgtggacagccccgcccatctttggttggagcaggtactggccccacggcctgaagac
ttcatgcggcccagacgtgttcagcggcagctcgtaccccggggtgcagtcttacatgattgtcctcatggtcacctgctgcatca
ccccactcagcatcatcgtgctctgctacctccaagtgtggctggccatccgagcggtggcaaagcagcagaaagagtctgaatcc
acccagaaggcagagaaggaagtgacgcgcatggtggtggtgatggtcctggcatactgcttctgctggggaccatacaccttctt
cgcatgctttgctgctgccaaccctggctaccccttccaccctttgatggctgccctgccggccttctttgccaaaagtgccacta
tctacaaccccgttatctatgtctttatgaaccggcagtttcgaaactgcatcttgcagcttttcgggaagaaggttgacgatggc
tctgaactctccagcgcctccaaaacggaggtctcatctgtgtcctcggtatcgcctgcatga!



MWS	  Opsin	  Gene	  vs.	  LWS	  Opsin	  Gene	  
(func+onal	  differences)	  

atggcccagcagtggagcctccaaaggctcgcaggccgccatccgcaggacagctatgaggacagcacccagtccagcatcttcac
ctacaccaacagcaactccaccagaggccccttcgaaggcccgaattaccacatcgctcccagatgggtgtaccacctcaccagtg
tctggatgatctttgtggtcattgcatccgtcttcacaaatgggcttgtgctggcggccaccatgaagttcaagaagctgcgccac
ccgctgaactggatcctggtgaacctggcggtcgctgacctggcagagaccgtcatcgccagcactatcagcgttgtgaaccaggt
ctatggctacttcgtgctgggccaccctatgtgtgtcctggagggctacaccgtctccctgtgtgggatcacaggtctctggtctc
tggccatcatttcctgggagaggtggctggtggtgtgcaagccctttggcaatgtgagatttgatgccaagctggccatcgtgggc
attgccttctcctggatctggGctgctgtgtggacagccccgcccatctttggttggagcaggtactggccccacggcctgaagac
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ccccactcagcatcatcgtgctctgctacctccaagtgtggctggccatccgagcggtggcaaagcagcagaaagagtctgaatcc
acccagaaggcagagaaggaagtgacgcgcatggtggtggtgatggtcctggcatTctgcttctgctggggaccatacGccttctt
cgcatgctttgctgctgccaaccctggctaccccttccaccctttgatggctgccctgccggccttctttgccaaaagtgccacta
tctacaaccccgttatctatgtctttatgaaccggcagtttcgaaactgcatcttgcagcttttcgggaagaaggttgacgatggc
tctgaactctccagcgcctccaaaacggaggtctcatctgtgtcctcggtatcgcctgcatga!
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atggcccagcagtggagcctccaaaggctcgcaggccgccatccgcaggacagctatgaggacagcacccagtccagcatcttcac
ctacaccaacagcaactccaccagaggccccttcgaaggcccgaattaccacatcgctcccagatgggtgtaccacctcaccagtg
tctggatgatctttgtggtcattgcatccgtcttcacaaatgggcttgtgctggcggccaccatgaagttcaagaagctgcgccac
ccgctgaactggatcctggtgaacctggcggtcgctgacctggcagagaccgtcatcgccagcactatcagcgttgtgaaccaggt
ctatggctacttcgtgctgggccaccctatgtgtgtcctggagggctacaccgtctccctgtgtgggatcacaggtctctggtctc
tggccatcatttcctgggagaggtggctggtggtgtgcaagccctttggcaatgtgagatttgatgccaagctggccatcgtgggc
attgccttctcctggatctggTctgctgtgtggacagccccgcccatctttggttggagcaggtactggccccacggcctgaagac
ttcatgcggcccagacgtgttcagcggcagctcgtaccccggggtgcagtcttacatgattgtcctcatggtcacctgctgcatca
ccccactcagcatcatcgtgctctgctacctccaagtgtggctggccatccgagcggtggcaaagcagcagaaagagtctgaatcc
acccagaaggcagagaaggaagtgacgcgcatggtggtggtgatggtcctggcatActgcttctgctggggaccatacAccttctt
cgcatgctttgctgctgccaaccctggctaccccttccaccctttgatggctgccctgccggccttctttgccaaaagtgccacta
tctacaaccccgttatctatgtctttatgaaccggcagtttcgaaactgcatcttgcagcttttcgggaagaaggttgacgatggc
tctgaactctccagcgcctccaaaacggaggtctcatctgtgtcctcggtatcgcctgcatga!



MWS	  Opsin	  Gene	  vs.	  LWS	  Opsin	  Gene	  
(func+onal	  differences)	  

G	  à	  T	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  T	  à	  A	  	  	  	  	  	  	  	  	  	  	  	  	  	  G	  à	  A	  
	  

•  Three	  simple	  subs+tu+on	  muta+ons	  change	  
the	  proper+es	  of	  the	  opsin	  protein.	  

	  

•  Now,	  rather	  than	  being	  maximally	  s+mulated	  
at	  534nm,	  the	  resul+ng	  opsin	  protein	  is	  
maximally	  s+mulated	  at	  564nm.	  



What	  difference	  does	  this	  make?	  	  



Evolu+on	  of	  the	  LWS	  Opsin	  Gene	  

The	  LWS	  gene	  arose	  
through	  gene	  
duplica+on	  and	  gene	  
muta+on	  of	  the	  MWS	  
gene	  on	  the	  X-‐
chromosome.	  

GENE	  	  
DUPLICATION	  

GENE	  	  
MUTATION	  



Phylogene+cs,	  Biogeography	  
and	  more…	  



Biogeography	  of	  Global	  Monkeys	  

NEW	  WORLD	  
OLD	  WORLD	  

Photo:	  Frans	  de	  Waal,	  M	  Arunprasaad,	  D	  Wright,	  P	  Gonnet,	  L	  DeVoldor,	  W	  Endo	  

FULL	  COLOR	  VISION	   COLOR	  BLIND	  
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Color	  Vision	  Evolves!	  
Gene	  Duplica+on	  and	  Muta+on	  

Phylogene;cs	  –	  Exploring	  Rela+onships	  Among	  Species	  

Old	  World	  Primates	   New	  World	  Primates	  



Geology:	  Plate	  Tectonics	  and	  DriR	  

Image:	  McGraw-‐Hill	  Companies	  Inc.	  

New/Old	  World	  Separated	  
~	  50	  Million	  Years	  Ago.	  

225	  million	  years	  ago	  

135	  million	  years	  ago	  

65	  million	  years	  ago	  

today	  



How	  Old	  are	  Primates?	  

~70-‐80	  	  
Million	  Years	  Ago	  



When	  did	  primates	  first	  inhabit	  N.	  America?	  
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Con;nents	  Split	  
50	  Million	  Years	  Ago	  

Color	  Vision	  Evolves!	  
Gene	  Duplica+on	  and	  Muta+on	  

Rise	  of	  Primates	  
75	  Million	  Years	  Ago	  

Primates	  In	  New/Old	  World	  
55	  Million	  Years	  Ago	  

New World 



Complete	  Evolu+onary	  Picture	  

•  Gene+cs	  
•  Cell	  Biology	  
•  Biogeography	  
•  Ecology	  
•  Phylogene+cs	  
•  Paleontology	  
•  Geology	  



Is	  there	  a	  rela+onship	  between	  the	  case	  
approach	  and	  learning?	  



The	  Assessment	  Tool	  for	  Evalua+ng	  Evolu+on	  Knowledge	  
(ATEEK)	  

-‐  Itera+ve	  design	  process	  (Anderson	  and	  Bishop	  1990)	  
1.  Determine	  essen+al	  concepts	  important	  to	  evolu+on.	  
2.  Design	  an	  assessment	  tool	  that	  probes	  for	  those	  concepts.	  
3.  Field	  test	  the	  assessment	  tool.	  
4.  Evaluate	  student	  responses.	  Revise	  a	  given	  ques+on	  if	  the	  

paZern	  of	  responses	  differs	  from	  the	  expected	  paZern.	  
5.  Field	  test	  the	  revised	  assessment	  tool.	  
6.  Repeat	  steps	  4	  and	  5	  un+l	  sa+sfied	  with	  the	  paZern	  of	  

answers.	  



	  The	  ATEEK	  
Q1.	  Jaguars	  can	  have	  an	  orange	  coat	  or	  a	  black	  coat.	  	  
	  	  	  	  	  	  	  Orange	  jaguars	  have	  either	  two	  G	  alleles	  or	  one	  G	  allele	  	  
	  	  	  	  	  	  	  and	  one	  g	  allele,	  whereas	  black	  jaguars	  have	  two	  g	  alleles.	  	  
	  

When	  a	  jaguar	  has	  the	  genotype	  gg,	  what	  happens	  inside	  	  
its	  cells	  so	  that	  a	  black	  coat	  is	  produced?	  

	  
Q2.	  Toxican	  mushrooms	  contain	  a	  toxin	  that	  causes	  vomiting	  when	  ingested.	  Recently,	  some	  

Toxican	  mushrooms	  were	  found	  that	  did	  not	  produce	  the	  toxin.	  	  
	  	  

	  Describe	  in	  detail	  what	  might	  have	  happened	  at	  the	  molecular	  level	  so	  that	  these	  
mushrooms	  no	  longer	  produce	  this	  toxin?	  

	  
Q3.	  The	  non-‐poisonous	  Toxican	  mushroom	  has	  become	  more	  frequent	  in	  mushroom	  populations	  

and	  poisonous	  Toxican	  mushrooms	  have	  become	  rare.	  	  
	  	  

	  De8ine	  Natural	  Selection	  and	  use	  it	  to	  explain	  this	  scenario.	  
	  
Q4.	  Considering	  genetic	  mutation	  –	  

(i) Describe,	  at	  the	  molecular	  level,	  what	  a	  mutation	  is.	  
(ii) Use	  your	  answer	  from	  part	  (i)	  to	  describe	  the	  process	  whereby	  a	  mutation	  results	  in	  a	  
change	  at	  the	  phenotype	  level.	  	  



Scoring	  the	  ATEEK	  
	  

-‐  Each	  response	  was	  scored	  as	  a	  0,	  1,	  or	  2.	  
-‐  0:	  Answer	  is	  wrong	  of	  mostly	  wrong.	  
-‐  1:	  Answer	  is	  par+ally	  right.	  
-‐  2:	  Answer	  is	  completely	  correct	  or	  mostly	  correct.	  

à	  Average	  improvement	  calculated	  for	  each	  ques+on	  
	  =	  Post-‐Course	  ATEEK	  Score	  –	  Pre-‐Course	  ATEEK	  Score	  



Learned	  
evolu+on	  using	  
integra+ve	  cases	  

Did	  not	  learn	  
evolu+on	  using	  
integra+ve	  cases	  

Q1:	  Jaguars	  can	  have	  an	  orange	  coat	  or	  a	  black	  coat.	  Orange	  jaguars	  have	  
either	  two	  G	  alleles	  or	  one	  G	  allele	  and	  one	  g	  allele,	  whereas	  black	  
jaguars	  have	  two	  g	  alleles.	  	  

	  

When	  a	  jaguar	  has	  the	  genotype	  gg,	  what	  happens	  inside	  its	  cells	  so	  that	  
a	  black	  coat	  is	  produced?	  
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Learned	  
evolu+on	  using	  
integra+ve	  cases	  

Did	  not	  learn	  
evolu+on	  using	  
integra+ve	  cases	  

Q2:	  Toxican	  mushrooms	  contain	  a	  toxin	  that	  causes	  vomi+ng	  when	  
ingested.	  Recently,	  some	  Toxican	  mushrooms	  were	  found	  that	  did	  not	  
produce	  the	  toxin.	  

	   	  

	  Describe	  in	  detail	  what	  might	  have	  happened	  at	  the	  molecular	  level	  so	  
that	  these	  mushrooms	  no	  longer	  produce	  this	  toxin?	  
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Q3:	  The	  non-‐poisonous	  Toxican	  mushroom	  has	  become	  more	  frequent	  in	  
mushroom	  popula+ons	  and	  poisonous	  Toxican	  mushrooms	  have	  
become	  rare.	  	  
	  	  

	  Define	  Natural	  Selec+on	  and	  use	  it	  to	  explain	  this	  scenario.	  
	  

Learned	  
evolu+on	  using	  
integra+ve	  cases	  

Did	  not	  learn	  
evolu+on	  using	  
integra+ve	  cases	  
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Learned	  
evolu+on	  using	  
integra+ve	  cases	  

Did	  not	  learn	  
evolu+on	  using	  
integra+ve	  cases	  

Q4i:	  Considering	  gene+c	  muta+on	  –	  
Describe,	  at	  the	  molecular	  level,	  what	  a	  muta+on	  is.	  
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Learned	  
evolu+on	  using	  
integra+ve	  cases	  

Did	  not	  learn	  
evolu+on	  using	  
integra+ve	  cases	  
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Q4ii:	  Use	  your	  answer	  from	  part	  (i)	  to	  describe	  the	  process	  whereby	  a	  
muta+on	  results	  in	  a	  change	  at	  the	  phenotype	  level.	  	  

	  



Mul;ple	  Regression	  Analysis:	  
	  

In	  a	  single	  course	  where…	  
	  

Post-‐Course	  ATEEK	  =	  	  
Pre-‐Course	  ATEEK	  +	  Course	  Grade	  +	  Case	  Knowledge	  

	  
	  
	  
	  
	  
	  

	  
	  
	  



Mul;ple	  Regression	  Analysis:	  
	  

Post-‐Course	  ATEEK	  =	  	  
Pre-‐Course	  ATEEK	  +	  Course	  Grade	  +	  Case	  Knowledge	  

	  
	  
	  
	  
	  
	  

	  
(F3,55	  =	  13.76,	  Adjusted	  R2	  =	  0.40)	  	  

	  
	  
	  

Variable	   Standard	  
Coefficient	  

Standard	  
Error	   t-‐value	   p-‐value	  

Pre-‐Course	  ATEEK	   0.37	   0.12	   3.4	   0.0013	  

Course	  Grade	   0.11	   0.054	   0.82	   0.42	  

Case	  Knowledge	   0.36	   0.13	   2.8	   0.0077	  



Mul;ple	  Regression	  Analysis:	  
	  

Post-‐Course	  ATEEK	  =	  	  
Pre-‐Course	  ATEEK	  +	  Course	  Grade	  +	  Case	  Knowledge	  

	  
	  
	  
	  
	  
	  

	  
(F3,55	  =	  13.76,	  Adjusted	  R2	  =	  0.40)	  	  

	  
	  
	  

Variable	   Standard	  
Coefficient	  

Standard	  
Error	   t-‐value	   p-‐value	  

Pre-‐Course	  ATEEK	   0.37	   0.12	   3.4	   0.0013	  

Course	  Grade	   0.11	   0.054	   0.82	   0.42	  

Case	  Knowledge	   0.36	   0.13	   2.8	   0.0077	  



Resources	  



“What	  does	  a	  Case	  look	  like?”	  
www.evo-‐ed.com	  



Resources	  
Case	  Study:	  

	  
	  
	  
	  
	  
	  
	  
www.evo-‐ed.com/casestudies/primates.pdf	  



Ques+ons/Discussion?	  



hZp://www.evo-‐ed.com	  
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