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UNDERSTANDING
THE CELL CYCLE
THROUGH POGIL: A
COMPREHENSIVE
GUIDE FOR
LEARNERS AND
EDUCATORS

Biology classrooms are
evolving. Gone are the
days  when  students
pass i ve l y  cop ied
diagrams  of  mitosis
from  a  chalkboard.
I n s t e a d ,  m o d e r n
science  education
emphasizes  active
learning,  collaboration,
and  critical  thinking.
O n e  o f  t h e  m o s t
effective  frameworks
to  emerge  from  this
sh i f t  i s  the  POGIL
a p p r o a c h .  W h e n

applied  to  a  topic  as
fundamental as the cell
cycle,  the  Cell  Cycle
Pogil  methodology
t r a n s f o r m s  a
t r a d i t i o n a l l y
memorization-heavy
subject into a dynamic,
i n q u i r y - d r i v e n
exploration. This article
provides  a  thorough
walkthrough of the cell
cycle  as  it  is  taught
through POGIL, offering
valuable  insights  for
students  struggling
with  the  material  and
for  educators  seeking
to enhance their lesson
plans.

WHAT IS POGIL
AND WHY DOES IT
WORK FOR CELL
BIOLOGY?

P O G I L  s t a n d s  f o r
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Process  Or ien ted
G u i d e d  I n q u i r y
Learning.  Unl ike  a
standard  lecture,  a
POGIL  activity  places
students  into  small
groups  where  they
work  through a  series
of  carefully  designed
models and questions.
The instructor acts as a
facilitator rather than a
l e c t u r e r .  W h e n
studying the cell cycle
through  a  Cell  Cycle
Pogil activity, students
are not told the phases
of  mitosis  upfront.
Instead,  they  examine
diagrams,  data tables,
and analogies to derive
t h e  i n f o r m a t i o n
themse lves .  Th i s
process  builds  deeper
understanding  and
long-term  retention.
The  guided  inquiry
structure  ensures  that
students  remain  on
task  while  developing
process  skills  such  as
teamwork,  problem-

s o l v i n g ,  a n d
communication.

The Core
Principles
of POGIL
To  appreciate  how  a
Cel l  Cyc le  Pogi l
activity works, it helps
to understand the four
key principles of POGIL
instruction:

Guided Inquiry:
Students are
given models to
analyze, followed
by carefully
sequenced
questions that
lead them to
discover key
concepts.
Active
Learning:
Students engage
directly with the
material rather
than passively
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receiving
information.
Collaboration:
Students work in
assigned roles
such as
manager,
spokesperson,
and recorder,
which mirrors
real-world
scientific
teamwork.
Process Skill
Development:
In addition to
content
knowledge,
students practice
essential skills
like critical
thinking,
information
processing, and
self-assessment.

These principles  make
POGIL  espec ia l l y
effective  for  teaching
complex  biological
processes like the cell
c y c l e ,  w h e r e
understanding  the

s e q u e n c e  a n d
regulation of events is
crucial.

THE CELL CYCLE: A
FOUNDATIONAL
CONCEPT IN
BIOLOGY

Before  div ing  into
specific  POGIL
a c t i v i t i e s ,  i t  i s
important to review the
cell  cycle  itself.  The
cell cycle is the series
of  events  that  a  cell
undergoes as it  grows
and  d i v i des .  I t  i s
essential  for  growth,
r e p a i r ,  a n d
reproduction  in  al l
l iving  organisms.  A
typical  Cell  Cycle
Pogil  exercise  begins
by  asking  students  to
ident i fy  the  major
p h a s e s  f r o m  a
diagram, often without
any prior labeling. This
pushes  learners  to
observe  patterns  and
m a k e  l o g i c a l
inferences.
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The Four
Main
Phases of
the Cell
Cycle
Most cell cycle models
divide the process into
four distinct phases. In
a  P O G I L  s e t t i n g ,
students work through
each  phase  us ing
visual  models  and
guided  questions:

G1 Phase (Gap1.
1): The cell
grows physically
and carries out
normal metabolic
functions. It also
prepares for DNA
replication.
Students in a
Cell Cycle Pogil
activity might be

asked to
compare the size
of a cell in G1
versus G2 to
understand
growth.
S Phase2.
(Synthesis):
DNA replication
occurs. Each
chromosome is
duplicated to
form two sister
chromatids. A
POGIL model
often shows a
simplified
chromosome
structure, and
students are
asked to count
the number of
chromatids
before and after
the S phase.
G2 Phase (Gap3.
2): The cell
continues to
grow and
produces
proteins needed
for mitosis. It
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also checks for
DNA damage.
POGIL questions
at this stage
often focus on
cell checkpoints
and quality
control.
M Phase4.
(Mitosis and
Cytokinesis):
The nucleus
divides (mitosis)
followed by the
division of the
cytoplasm
(cytokinesis).
This is the most
visually dramatic
phase and is
often the focus of
detailed POGIL
models.

Checkpoi
nts: The

Cell
Cycle's
Quality
Control
System
A  p a r t i c u l a r l y
i m p o r t a n t  t o p i c
covered  in  any  in-
depth Cell Cycle Pogil
i s  t h e  c o n c e p t  o f
checkpoints. These are
control  mechanisms
that  ensure  the  cell
c y c l e  p r o c e e d s
correctly.  There  are
t h r e e  m a j o r
checkpoints:

G1 Checkpoint:
Also called the
restriction point
in animal cells,
this checkpoint
determines
whether the cell
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is big enough
and has enough
nutrients to
proceed to the S
phase.
G2 Checkpoint:
This checkpoint
ensures that DNA
replication has
been completed
correctly and
that the cell is
ready for mitosis.
M Checkpoint
(Spindle
Checkpoint):
Occurring during
mitosis, this
checkpoint
ensures that all
chromosomes
are properly
attached to the
spindle fibers
before anaphase
begins.

In  a  POGIL  activity,
students  might  be
given a scenario where
a checkpoint  fails.  For
example,  they  might
a n a l y z e  a  m o d e l

showing  a  cell  with
damaged DNA that still
proceeds  to  mitosis.
The  guided  questions
then  lead  them  to
understand why this is
dangerous  and  how
cancer can result from
checkpoint failure.

HOW A TYPICAL
CELL CYCLE POGIL
ACTIVITY IS
STRUCTURED

Educators  who  have
used  a  Cell  Cycle
Pogil  will  recognize a
standard structure. The
activity is  divided into
several  parts,  each
building  on  the  last.
H e r e  i s  a
r e p r e s e n t a t i v e
breakdown of how such
an  ac t i v i ty  m ight
unfold  in  a  classroom
setting.
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Part One:
Exploring
the Cell
Cycle

Diagram
The  first  model  in  a
typical  POGIL  activity
s h o w s  a  c i r c u l a r
diagram  of  the  cell
cycle,  often  with  the
phases  unlabeled.
Students are asked to
identify  which  part  of
the  cycle  represents
g r o w t h ,  w h i c h
r e p r e s e n t s  D N A
replication,  and  which
represents  division.
Early  questions  might
b e  s i m p l e
observations:
"How many phases are
shown in the diagram?
What  v isua l  c lues
suggest  which  phase

involves  the  most
growth?"
T h e s e  q u e s t i o n s
a c t i v a t e  p r i o r
knowledge  and  get
students  th ink ing
about  the  relat ive
duration of each phase.
This  is  a  hallmark  of
the  Cell  Cycle  Pogil
approach:  learning
b e g i n s  w i t h
obse rva t i on ,  no t
memorization.

Part Two:
Understa
nding
Chromos
ome
Dynamics
The  second  model
typically focuses on the
b e h a v i o r  o f



8

8 Cell Cycle Pogil 2024-09-13

chromosomes  during
the  S  phase  and  M
phase.  Students  see
diagrams  of  a  single
chromosome  before
rep l icat ion ,  a f ter
replication, and during
mitosis.  Key questions
might include:
"How many chromatids
a r e  p r e s e n t  i n  a
r e p l i c a t e d
chromosome?  What  is
t h e  r e l a t i o n s h i p
between  chromatids
and  chromosomes?"
This is often the most
challenging  part  of  a
Cel l  Cyc le  Pogi l
because  students
frequently  confuse
c h r o m a t i d s  w i t h
chromosomes.  The
g u i d e d  i n q u i r y
approach  allows  them
to  wrestle  with  this
distinction  in  a  low-
stakes,  collaborative
environment.  By  the
end  of  the  activity,
most  students  can
e x p l a i n  t h a t  a

replicated chromosome
c o n s i s t s  o f  t w o
i d e n t i c a l  s i s t e r
chromatids joined at a
centromere.

Part
Three:
The
Stages of
Mitosis
After  establishing  the
overa l l  cyc le  and
chromosome structure,
the  POGIL  act iv i ty
moves to mitosis itself.
A  series  of  diagrams
s h o w s  p r o p h a s e ,
metaphase,  anaphase,
a n d  t e l o p h a s e .
Students are asked to
put them in the correct
order  based  on  visual
cues ,  such  as  the
p o s i t i o n  o f  t h e
chromosomes and the
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breakdown  o f  the
nuclear  envelope.
Questions  become
more  analytical:
"During which stage do
s ister  chromat ids
separate?  What  would
happen  if  the  spindle
checkpoint  failed  to
d e t e c t  i m p r o p e r
attachment?"
This  integration  of
process  ski l ls  with
content  knowledge  is
what  makes  a  Cell
C y c l e  P o g i l  s o
effective.  Students  are
not  just  memorizing
the  order  of  phases;
they  are  reasoning
a b o u t  t h e
c o n s e q u e n c e s  o f
errors.

Part Four:
Applying

the
Concepts
The  final  section  of
most  POGIL  activities
requires  students  to
apply  what  they  have
l e a r n e d  t o  a  n e w
context.  For  example,
they  might  be  given
data on the duration of
each phase in different
cell  types or asked to
predict  what  would
happen  if  a  specific
protein involved in cell
cycle  regulation  was
m u t a t e d .  T h i s
appl icat ion  phase
solidifies  learning  and
often sparks rich group
discussions.

WHY THE CELL
CYCLE POGIL
APPROACH
IMPROVES
LEARNING
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OUTCOMES

Research  in  science
education  consistently
s u p p o r t s  t h e
effectiveness  of  active
learning  strategies.
When students engage
in a Cell Cycle Pogil,
they outperform peers
in  traditional  lecture
s e t t i n g s  o n
assessments  that
measure  conceptual
understanding.  There
are several reasons for
this success.

Deep
Processin
g Over
Surface
Memoriza

tion
In a lecture, a student
might  memorize  the
order of mitotic phases
for a test and forget it
a  week  l a te r .  I n  a
POGIL  activity,  that
same  student  must
explain why the phases
occur in that order and
how errors  can occur.
This  requires  deep
process ing  o f  the
information,  which
leads  to  s t ronger
neural connections and
better long-term recall.
The  Cell  Cycle  Pogil
model does not simply
ask "What happens in
anaphase?"  It  asks
"What evidence in the
diagram suggests that
anaphase  has  begun?
What  forces  are  at
work?"
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Develop
ment of
Scientific
Reasonin

g Skills
Beyond the content, a
Cel l  Cyc le  Pogi l
cultivates the habits of
mind  that  define
scientific  thinking.
Students  learn  to  ask
questions,  analyze
d a t a ,  c o n s t r u c t
explanat ions,  and
defend their reasoning.
These skills transfer to
other areas of  biology
a n d  b e y o n d .  F o r
example,  the  same
reasoning  used  to
u n d e r s t a n d
checkpoints in the cell
cycle can be applied to
u n d e r s t a n d i n g
feedback  loops  in

h o m e o s t a s i s  o r
signaling  pathways  in
immunology.

Increased
Engagem
ent and
Ownershi
p
C l a s s r o o m
o b s e r v a t i o n s
consistently  show that
students  in  a  POGIL
classroom  are  more
engaged than those in
a  traditional  lecture.
The  group  structure
ensures  that  every
student  participates.
The  manager  ensures
that the group stays on
task,  the  recorder
documents  answers,
and  the  spokesperson
presents  findings  to
the  class.  This  role-
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playing  aspect  of  a
Cell Cycle Pogil gives
students  ownership  of
their learning. They are
not  passive  recipients
of  information;  they
a r e  a c t i v e
investigators.

COMMON
MISCONCEPTIONS
ADDRESSED BY
CELL CYCLE POGIL
ACTIVITIES

Every  biology  teacher
knows  that  students
br ing  a  var ie ty  o f
misconceptions  to  the
classroom.  A  wel l -
designed  Cell  Cycle
P o g i l  d i r e c t l y
c o n f r o n t s  t h e s e
misunderstandings.
H e r e  a r e  a  f e w
c o m m o n
misconceptions  and
h o w  t h e  P O G I L
approach  addresses
them.

Misconce
ption
One:
Mitosis Is
the Entire
Cell Cycle
Many students  equate
the  cel l  cycle  with
mitosis  alone.  A  Cell
Cycle  Pogil  corrects
this by placing mitosis
in  the  context  of  the
la rge r  cyc le .  The
circular  diagram  used
in  the  first  model
shows that interphase,
which  includes  G1,  S,
and  G2,  occupies  the
majority  of  the  cycle.
By  calculat ing  the
relative  duration  of
each phase from a pie
c h a r t ,  s t u d e n t s
discover that mitosis is
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actually  quite  brief.
This realization is much
more  powerful  than
being told the fact by a
teacher.

Misconce
ption
Two:
Chromos
omes Are
Always
Condense
d
Students  often picture
chromosomes as the X-
shaped structures seen
in  mitosis.  The  POGIL
model  addresses  this
by  showing  chromatin
in  its  extended  form
during  interphase  and

its  condensed  form
during mitosis.  Guided
q u e s t i o n s  l e a d
students  to  infer  that
the  loose  structure  of
chromatin is necessary
for DNA replication and
transcription, while the
compact  structure  is
necessary  for  proper
segregation during cell
division.

Misconce
ption
Three:
Cell
Division
Produces
Identical
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Cells in
All

Contexts
While mitosis produces
genetically  identical
d a u g h t e r  c e l l s ,
s t u d e n t s  o f t e n
generalize  this  to  all
cell  division.  A  Cell
C y c l e  P o g i l  c a n
introduce meiosis in a
later activity, but even
within  the  cell  cycle
context, questions can
highlight that mutation
or  error  can  lead  to
variation.  This  plants
t h e  s e e d  f o r
understanding  genetic
diversity  and  the  role
of cell cycle regulation
in preventing disease.

PRACTICAL TIPS
FOR
IMPLEMENTING A

CELL CYCLE POGIL

For educators who are
new to the Cell Cycle
Pogil approach, a few
practical strategies can
ensure  success.  First,
g r o u p  s t u d e n t s
h e t e r o g e n e o u s l y ,
mixing  strong  and
struggling  students.
Assign clear roles and
rotate them with each
new  activity.  Second,
resist the temptation to
jump  in  and  provide
answers. The power of
P O G I L  l i e s  i n  t h e
struggle.  Let  students
work  through  their
confusion  with  their
group members. Third,
use the whiteboard or
document  camera  for
group  presentations.
Having  students  draw
and  exp la in  the i r
reasoning  publicly
reinforces  learning  for
the entire class.
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Adapting
for
Different
Learning

Levels
One of the strengths of
the POGIL model is its
flexibility.  For
int roductory  h igh
school  biology,  a  Cell
Cycle  Pogil  might
focus  on  the  basic
phases  and  simple
c h r o m o s o m e
d y n a m i c s .  F o r

advanced placement or
college-level  courses,
the  same activity  can
i n c l u d e  d e t a i l e d
questions  on  cyclins,
c y c l i n - d e p e n d e n t
k i n a s e s ,  a n d  t h e
molecular mechanisms
of  checkpoint  control.
The  structure  of  the
activity  remains  the
same, but the depth of
t h e  q u e s t i o n s
increases.  This  makes
POGIL  a  valuable  tool
across  the  biology
curriculum.

CONCLUSION:
EMBRACING
INQUIRY TO
MASTER THE CELL
CYCLE


