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INTRODUCTION:
EXPLORING THE
EVIDENCE FOR
EVOLUTION POGIL
APPROACH

Understanding  the
mechanisms that drive
the diversity of life on
Earth  is  one  of  the
m o s t  c o m p e l l i n g
journeys  in  science
e d u c a t i o n .  T h e
E v i d e n c e  F o r
Evo lut ion  Pog i l
framework  offers
students and educators
a  s t r u c t u r e d  y e t
dynamic  method  for
e x p l o r i n g  t h e
foundational  concepts
of evolutionary biology.

POGIL,  which  stands
for  Process  Oriented
G u i d e d  I n q u i r y
L e a r n i n g ,  m o v e s
b e y o n d  p a s s i v e
l e c t u r e - b a s e d
instruction.  Instead,  it
engages  learners  in
active problem-solving,
c o l l a b o r a t i v e
discussion, and critical
a n a l y s i s  o f  r e a l
scientific  data.  When
applied to evolutionary
theory,  this  approach
transforms  abstract
ideas  into  tangible,
observable  patterns.
T h e  e v i d e n c e  f o r
evolution  is  vast  and
m u l t i d i s c i p l i n a r y ,
d r a w i n g  f r o m
paleontology, genetics,
comparative  anatomy,
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and  biogeography.  By
using  a  POGIL-based
model, students do not
mere ly  memor i ze
facts;  they  construct
t h e i r  o w n
understanding  of  how
s c i e n t i s t s  i n f e r
common ancestry  and
evolutionary  change.
This  article  will  delve
into  the  core  lines  of
evidence  that  support
evolution,  explaining
how  a  guided  inquiry
f r a m e w o r k  c a n
illuminate  each  one.
From the fossil  record
t o  m o l e c u l a r
phylogenetics,  we  will
e x p l o r e  w h y  t h e
E v i d e n c e  F o r
Evo lut ion  Pog i l
methodology  is  so
effective  for  fostering
d e e p ,  l a s t i n g
comprehension.

WHAT IS POGIL
AND WHY DOES IT
WORK FOR

EVOLUTION?

The Core
Principles
of Guided
Inquiry
Before  examining  the
evidence  itself,  it  is
helpful  to  understand
the pedagogical engine
that  dr ives  POGIL.
Deve loped  i n  the
1990s  for  chemistry
education,  POGIL  has
since  been  adopted
across  many  scientific
d i s c i p l i n e s .  T h e
approach is built on the
premise  that  students
learn  best  when  they
are active participants
rather  than  passive
r e c i p i e n t s  o f
i n fo rmat i on .  I n  a
typical  POGIL  activity,
students work in small,
assigned  teams.  Each
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team  member  has  a
specific  role,  such  as
manager,  recorder,
spokesperson ,  o r
reflector. The activity is
designed  around  a
series  of  careful ly
crafted  models  and
c r i t i c a l  t h i n k i n g
questions.
I n  t h e  c o n t e x t  o f
E v i d e n c e  F o r
Evo lut ion  Pog i l
act iv i t ies,  models
might include diagrams
of  homologous  bone
s t ruc tu res ,  maps
s h o w i n g  s p e c i e s
distribution,  or  DNA
sequence  alignments.
Students are guided to
analyze these models,
look  for  patterns,  and
answer  questions  that
progressively  build  a
c o n c e p t u a l
understanding.  The
instructor  acts  as  a
facil itator,  moving
between  groups  to
clar i fy  doubts  and
probe  thinking,  rather

than  de l i ve r ing  a
lecture.  This  process
naturally  develops
process  skills  such  as
t e a m w o r k ,
c o m m u n i c a t i o n ,
problem-solving,  and
information processing.
For a topic as nuanced
a s  e v o l u t i o n a r y
biology,  this  active
engagement is crucial.
It  allows  students  to
g r a p p l e  w i t h  t h e
evidence  firsthand,
conf ront  common
misconceptions,  and
appreciate the strength
of  the  scientific
consensus.

Connecti
ng
Process
Skills to
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Biological
Concepts
One of the reasons the
E v i d e n c e  F o r
Evo lut ion  Pog i l
a p p r o a c h  i s  s o
powerfu l  is  that  i t
mirrors  the  actual
practice  of  science.
Evo lut ion  i s  not  a
s i n g u l a r  " a h a "
m o m e n t ;  i t  i s  a
conclusion drawn from
multiple  independent
l ines  of  ev idence.
Scientists  use  data
analysis,  model-based
r e a s o n i n g ,  a n d
collaborative  critique
to  build  evolutionary
t r e e s  a n d  t e s t
h y p o t h e s e s .  B y
engaging  in  POGIL
activities,  students
develop similar process
skills. They learn to ask
questions  like:  "What
pattern  do  I  see  in
these fossils?" or "How

does  th i s  genet i c
sequence  support  or
refute  a  proposed
relationship?"  This
active  inquiry  makes
the  evidence  more
m e m o r a b l e  a n d
meaningful.  Rather
than simply being told
t h a t  e v o l u t i o n  i s
supported  by  fossil
evidence, students see
the pattern of  change
o v e r  t i m e  i n  a
simulated  dig,  discuss
the  implications  with
t h e i r  p e e r s ,  a n d
a r t i c u l a t e  t h e i r
r e a s o n i n g .  T h i s
cognitive  engagement
leads  to  a  deeper,
m o r e  r e s i l i e n t
understanding  that
s tanda rd  l ec tu re
formats  often  fail  to
achieve.

THE FOSSIL
RECORD: A
JOURNEY
THROUGH DEEP
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Transition
al Forms
and the
Order of
Strata
Perhaps  the  most
i n t u i t i v e  l i n e  o f
evidence  for  evolution
comes  from the  fossil
record.  Fossils  provide
a historical narrative of
life  on  Earth,  showing
that  spec ies  have
changed  dramatically
over millions of years.
The  Evidence  For
Evo lut ion  Pog i l
f r a m e w o r k  o f t e n
begins  here,  asking
students  to  examine
t h e  p r i n c i p l e  o f
superpos i t ion :  in
und i s tu rbed  rock

layers, older fossils are
found  in  lower  strata,
while  younger  fossils
appear in higher strata.
T h i s  s i m p l e
observation  allows
students  to  construct
relative timelines.
More compellingly, the
fossil  record  contains
numerous  transitional
forms  that  br idge
m a j o r  g r o u p s  o f
o r g a n i s m s .  F o r
example,  Tiktaalik
roseae is a 375-million-
year-old  fossil  that
exhibits  characteristics
of  both  fish  and
tetrapods  (four-limbed
animals).  It  has  fins
with  wrist-like  bones
and  a  neck,  features
that  were  previously
t h o u g h t  t o  h a v e
evolved  only  in  land-
dwel l ing  animals .
S i m i l a r l y ,
Archaeopteryx displays
a mix of  reptilian and
a v i a n  f e a t u r e s ,
including  teeth  and  a
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long  tai l  alongside
f e a t h e r s  a n d  a
wishbone.  In  a  POGIL
act iv i ty,  students
might  be  presented
with  images  of  these
foss i l s  a longs ide
diagrams  of  related
species. They are then
guided  to  ident i fy
which  characteristics
are  ancest ra l  and
which are derived. This
active  comparison
h e l p s  s t u d e n t s
u n d e r s t a n d  t h a t
evolution  does  not
proceed  in  a  straight
line  of  progress,  but
rather  as  a  branching
t r e e  o f  c o m m o n
ancestry.  The  fossil
r e c o r d  d o e s  n o t
provide  a  perfectly
complete  picture,  but
the pattern of change,
i n c l u d i n g  t h e
appearance  of  new
f o r m s  a n d  t h e
extinction of others, is
o v e r w h e l m i n g l y
c o n s i s t e n t  w i t h

evolutionary theory.

Limitation
s and
Strengths
of the
Fossil
Evidence
While the fossil record
is  powerful,  it  is  also
i n c o m p l e t e .
Fossilization  is  a  rare
event  that  requires
specific  conditions.
Therefore, the absence
o f  a  p a r t i c u l a r
intermediate form does
not disprove evolution.
POGIL  activities  can
effectively  address  this
nuance.  Students  can
work with models that
s i m u l a t e  f o s s i l
f o r m a t i o n  a n d
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sampling  biases.  By
understanding  the
l im i ta t i ons ,  they
d e v e l o p  a  m o r e
s o p h i s t i c a t e d
appreciation  for  the
evidence.  They  learn
that  the  strength  of
evolutionary theory lies
n o t  i n  a n y  s i n g l e
perfect fossil chain, but
in  the convergence of
evidence from multiple
independent  sources.
The  f oss i l  r eco rd
p rov ides  a  b road
historical  framework,
while  genetics  and
anatomy fill in the finer
details of relationships.
This integrative view is
a key learning outcome
of  the  Evidence  For
Evo lut ion  Pog i l
approach.

COMPARATIVE
ANATOMY:
HOMOLOGY AND
ANALOGY

Homolog
ous
Structure
s:
Evidence
of
Common
Ancestry
Another  powerful  line
o f  e v i d e n c e  i s
comparative  anatomy,
specifically the study of
homologous structures.
These are body parts in
different  species  that
s h a r e  a  c o m m o n
underlying  structure,
even  if  they  perform
different functions. The
classic example is  the
forelimb  of  mammals.



8

8 Evidence For Evolution Pogil 2025-10-04

The  human  arm,  the
whale  flipper,  the  bat
wing,  and the cat  leg
all  contain  the  same
set of bones: humerus,
radius,  ulna,  carpals,
metacarpa ls ,  and
p h a l a n g e s .  I n  a
E v i d e n c e  F o r
Evo lut ion  Pog i l
act iv i ty,  students
might  be  asked  to
color-code these bones
on  different  animal
skeletons.  They  then
answer  quest ions
about  why  structures
with  such  different
functions  (grasping,
swimming,  flying,
w a l k i n g )  s h a r e  a
similar  blueprint.  The
logical  conclusion  is
that  these  species
inherited  this  basic
limb  structure  from  a
common ancestor  and
then  modified  it
t h r o u g h  n a t u r a l
selection  for  different
environments.
This  exercise  also

h e l p s  s t u d e n t s
distinguish  homology
f r o m  a n a l o g y .
Analogous  structures,
such as the wings of a
bird  and the wings of
an  insect,  perform
similar  functions  but
have  different
evolutionary  origins.
They  arise  through
convergent  evolution,
w h e r e  u n r e l a t e d
s p e c i e s  a d a p t  t o
similar  environmental
c h a l l e n g e s .  B y
c o n t r a s t i n g
h o m o l o g o u s  a n d
analogous  structures,
students  learn  that
e v o l u t i o n a r y
re la t ionsh ips  a re
determined  by  shared
a n c e s t r y ,  n o t  b y
superficial  similarity  in
function.  This  critical
d i s t i n c t i o n  i s  a
c o r n e r s t o n e  o f
p h y l o g e n e t i c
reasoning.
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Vestigial
Structure
s:
Evolution
ary
Leftovers
Vestigial  structures
p r o v i d e  a n o t h e r
c o m p e l l i n g
s u b c a t e g o r y  o f
anatomical  evidence.
These are remnants of
organs  or  structures
that had a function in
an  ancestor  but  are
now  reduced  or  non-
f u n c t i o n a l  i n  a
descendant.  Examples
include  the  human
appendix,  the  pelvic
bones  in  whales,  and
the  eyes  o f  cave -
dwelling  fish.  In  a
P O G I L  a c t i v i t y ,

students  can  examine
diagrams  of  these
s t r u c t u r e s  a n d
hypothesize  about
their  evolut ionary
history.  They  might
ask :  Why  wou ld  a
whale,  which  has  no
hind  limbs,  possess
small  pelvic  bones?
The  guided  inquiry
leads  them  to  the
conclusion that whales
evolved  from  four-
legged land mammals.
The  pelvic  bones  are
evolutionary  leftovers,
e v i d e n c e  o f  a
terrestrial  ancestor.
This line of reasoning is
both  intui t ive  and
powerful,  as  it  makes
sense  of  anatomical
quirks  that  would  be
p u z z l i n g  u n d e r  a
c r e a t i o n i s t  o r
intel l igent  design
f r a m e w o r k .  T h e
existence  of  vestigial
structures  is  strong
evidence  that  species
change over time and
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carry  the  genetic  and
morphological baggage
of  their  evolutionary
past.

MOLECULAR
BIOLOGY: THE
GENETIC CODE AS
A HISTORICAL
DOCUMENT

DNA
Sequence
s and
Universal
Genetic
Code
Perhaps  the  most
powerful  and  precise
evidence  for  evolution
comes from molecular
biology.  The discovery
that  all  life  on  Earth
uses the same genetic

code  (with  very  rare
minor  variations)  is  a
profound  indication  of
universal  common
a n c e s t r y .  T h e
E v i d e n c e  F o r
Evolution  Pogil
framework leverages
this by having students
analyze DNA or protein
sequences from
different organisms.
For example, the gene
for cytochrome c, a
protein involved in
cellular respiration, can
be sequenced across a
wide range of species.
Students can compare
the sequences and
count the number of
differences. They will
find that humans and
chimpanzees have
nearly identical
cytochrome c
sequences, while
humans and yeast
have many more
differences. This
pattern matches the
relationships inferred
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from the fossil record
and comparative
anatomy.

Reading
Evolution
ary Trees
from
Genetic
Data
In  a  typ ica l  POGIL
activity  on  molecular
evidence, students are
g i v e n  a  t a b l e  o f
sequence  differences
and asked to construct
a  simple  phylogenetic
tree.  They  learn  that
the  more  similar  two
sequences  are,  the
more  recent ly  the
s p e c i e s  s h a r e d  a
common ancestor. This
molecular  phylogeny
can then be compared

to  a  phylogeny  based
on  morpho log ica l
traits.  When  the  two
t rees  show  a  h igh
degree of congruence,
it  provides  powerful
i n d e p e n d e n t
confirmation  of
e v o l u t i o n a r y
relationships.  This
exercise  also  helps
students  understand
that  evolution  occurs
at  the  genetic  level
through mutations that
accumulate over time.
Some  mutations  are
neutral,  while  others
are  beneficial  or
harmful.  By  analyzing
genetic data, scientists
can trace the history of
populations,  track  the
spread of diseases, and
even  est imate  the
timing  of  evolutionary
divergences  using  the
concept of a molecular
c l o c k .  T h e  u s e  o f
molecular  evidence  in
the  Evidence  For
Evo lut ion  Pog i l
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framework  teaches
students that evolution
is  not  just  a  theory
about the past; it is an
ongoing  process  that
can  be  observed  and
m e a s u r e d  i n  t h e
present.

BIOGEOGRAPHY:
PATTERNS OF
SPECIES
DISTRIBUTION

Island
Biogeogr
aphy and
Endemis
m
Biogeography,  the
study of where species
live,  provides  another
rich  vein  of  evidence.
The  Evidence  For
Evo lut ion  Pog i l

approach  can  use
maps and species lists
t o  h e l p  s t u d e n t s
discover patterns. One
classic example is  the
distribution of Darwin's
finches  in  the
Galapagos  Islands.
Each  i s l and  has  a
unique  set  of  finch
species  wi th  beak
shapes adapted to the
available food sources.
Students  can examine
a  map  of  the  islands
and  a  table  of  finch
characteristics.  They
a r e  g u i d e d  t o
understand  that  these
s p e c i e s  l i k e l y
descended  f rom  a
s i n g l e  a n c e s t r a l
p o p u l a t i o n  t h a t
colonized  the  islands
from  the  mainland.
Over time, populations
on  different  islands
a d a p t e d  t o  l o c a l
c o n d i t i o n s  a n d
eventually  became
reproductively isolated,
leading to speciation.
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T h i s  p a t t e r n  o f
endemism  (species
found nowhere else) is
e x a c t l y  w h a t
evolutionary  theory
predicts.  Islands  that
are  isolated  tend  to
have  unique  species
that are closely related
to  spec ies  on  the
nearest  mainland.  In
con t ras t ,  s im i l a r
habitats  on  different
continents  often  have
very  different  species,
because  they  evolved
from different ancestral
lineages. For example,
t h e  c a c t u s - l i k e
euphorbs of Africa and
the  cactus  species  of
the Americas are only
distant ly  re lated,
despite  their  similar
appearances.  This  is
convergent  evolution,
not  common ancestry.
B y  a n a l y z i n g
b i o g e o g r a p h i c
patterns,  students
learn  that  history  and
geography are just  as

important  as  current
e n v i r o n m e n t a l
conditions  in  shaping
biodiversity.

Continent
al Drift
and the
Fossil
Link
B i o g e o g r a p h i c
evidence is also closely
linked to geology. The
t h e o r y  o f  p l a t e
tectonics explains why
the same fossil species
a r e  f o u n d  o n
continents  that  are
now separated by vast
oceans.  For  instance,
fossils  of  the  reptile
Mesosaurus have been
found  only  in  South
America  and  Africa.
This distribution makes
perfect  sense  if  these
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continents  were  once
joined  as  part  of  the
s u p e r c o n t i n e n t
Pangaea.  In  a  POGIL
activity,  students  can
plot fossil locations on
a map of  the modern
continents and then on
a  map  of  Pangaea.
They see that the fossil
l o ca t i ons  l i ne  up
perfectly. This is strong
evidence  that  the
spec ies  l i ved  in  a
cont inuous  range
before  the  continents
dr i f ted  apart .  The
convergence  of  fossil
evidence,  geological
evidence,  and  genetic
evidence  provides  a
powerful  and coherent
picture of evolutionary
history.  The Evidence
For  Evolution  Pogil
framework excels at
helping  students
integrate  these
diverse  l ines  of
ev idence  in to  a
unified
understanding.

DIRECT
OBSERVATION:
EVOLUTION IN
ACTION

Antibiotic
Resistanc
e in
Bacteria
Evolution is not just a
historical phenomenon;
i t  is  happening  al l
around  us,  often  on
observable  timescales.
O n e  o f  t h e  m o s t
dramatic  examples  is
t h e  e v o l u t i o n  o f
antibiotic resistance in
bac te r i a .  When  a
population  of  bacteria
i s  e x p o s e d  t o  a n
a n t i b i o t i c ,  m o s t
i n d i v i d u a l s  d i e .
However,  a  few  may
possess mutations that
confer  resistance.
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T h e s e  r e s i s t a n t
individuals  survive,
reproduce, and pass on
the resistance genes to
their  offspring.  Over  a
short  period  of  time

(weeks or months), the
e n t i r e  b a c t e r i a l
population can become
r e s i s t a n t  t o  t h e
antibiotic.


