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UNDERSTANDING
THE CELLS AND
TONICITY
FOLDABLE: A
HANDS-ON GUIDE
TO OSMOSIS AND
CELL TRANSPORT

Fo r  s tuden t s  and
educators  navigating
the  complex  world  of
biology,  few  concepts
are as fundamental—or
a s  v i s u a l l y
c h a l l e n g i n g — a s
tonicity  and  its  effects
on  cel ls .  The  term
"tonicity" refers to the
relative  concentration
of solutes in a solution
compared to the inside
o f  a  c e l l ,  a n d  i t

d e t e r m i n e s  t h e
movement  of  water
a c r o s s  a
s e m i p e r m e a b l e
membrane.  To  make
this  abstract  idea
c o n c r e t e ,  m a n y
classrooms  turn  to  a
creative  and  tactile
learning tool: the Cells
a n d  T o n i c i t y
F o l d a b l e .  T h i s
interactive  study  aid
transforms  a  flat  piece
of  paper into a three-
dimensional  organizer
that  helps  learners
compare  and  contrast
hypotonic,  isotonic,
a n d  h y p e r t o n i c
environments.
This  article  explores
the science behind the
Cel ls  and  Tonic i ty
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Foldable,  how to build
one, and why it is such
an effective method for
mastering osmosis, cell
transport,  and  the
behavior  of  plant  and
animal cells in different
solutions. Whether you
are  a  teacher  looking
for  new  classroom
strategies or a student
s t r u g g l i n g  t o
remember  which  way
water  flows,  this  guide
w i l l  d e e p e n  y o u r
understanding  of  a
c o r e  b i o l o g i c a l
principle.

What Is
Tonicity
and Why
Does It

Matter?
Tonicity  describes  the
ability of a surrounding
solution to cause a cell
to gain or lose water. It
d e p e n d s  o n  t h e
concen t ra t i on  o f
n o n p e n e t r a t i n g
solutes—substances
that  cannot  cross  the
c e l l
membrane—relative to
the  inside  of  the  cell.
Three  main  states
exist:

Isotonic: The
solute
concentration is
equal inside and
outside the cell.
Water moves in
and out at equal
rates, so cell
volume stays
stable.
Hypotonic: The
solution outside
has a lower
solute
concentration
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than the cell
interior. Water
moves into the
cell, causing it to
swell.
Hypertonic: The
external solution
has a higher
solute
concentration.
Water leaves the
cell, causing it to
shrink or shrivel.

These concepts are not
j u s t  t e x t b o o k
definitions—they  have
real-world implications.
F o r  e x a m p l e ,
intravenous fluids used
in  hospitals  must  be
isotonic  to  human
b l o o d  t o  a v o i d
damaging  red  blood
cells.  Understanding
tonicity is essential for
fields  ranging  from
m e d i c i n e  t o
agriculture,  and  the
Cells  and  Tonicity
Foldable  provides  a
memorable,  hands-on
way  to  internal ize

these relationships.

The
Foldable
as a
Learning
Tool
F o l d a b l e s  a r e
interactive  graphic
organizers  popularized
by educators like Dinah
Zike.  They  engage
kinesthetic  learners
a n d  e n c o u r a g e
students  to  chunk
i n f o r m a t i o n  i n t o
manageable  pieces.
T h e  C e l l s  a n d
Tonicity  Foldable
typically  consists  of  a
paper folded into three
flaps,  each
representing  one  type
of tonicity. Under each
flap, students draw and
describe what happens
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t o  a  c e l l  i n  t h a t
environment—often
including  diagrams  of
animal  cells  (which
may  lyse  or  crenate)
and plant  cells  (which
become  tu rg id  o r
plasmolyzed).
Why does this work so
well?  By  physically
cutting,  folding,  and
wr i t ing ,  s tudents
process  information
th rough  mu l t i p l e
senses. They also have
a  compact  reference
sheet they can review
later.  The  foldable
forces  learners  to
organize  knowledge
spatially,  linking  the
visual  of  a  swollen  or
shrunken  cell  to  the
te rms  hypoton ic ,
i s o t o n i c ,  a n d
hypertonic .

Building

Your Own
Cells and
Tonicity
Foldable
Creating  a  Cells  and
Tonicity  Foldable  is
straightforward. Here is
a step-by-step guide:

Gather1.
supplies: A
sheet of paper
(letter size works
well), scissors,
colored pencils
or markers, and
a pen.
Fold into three2.
columns: Fold
the paper
lengthwise into
three equal
sections, then
fold in half
horizontally to
create six panels
if desired.
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Alternatively,
create a simple
three-flap
foldable by
folding the paper
so that two flaps
meet in the
middle.
Label the flaps:3.
On the front,
write one tonicity
type per flap:
"Hypotonic,"
"Isotonic,"
"Hypertonic."
Draw and4.
annotate under
each flap:
Under the
hypotonic flap,
draw an animal
cell that is
swollen (perhaps
bursting) and a
plant cell that is
turgid (swollen
but supported by
a cell wall).
Under the
isotonic flap,
show a normal-
shaped animal

cell and a flaccid
plant cell. Under
the hypertonic
flap, illustrate a
shriveled animal
cell and a
plasmolyzed
plant cell (cell
membrane
pulled away from
the wall).
Add key terms:5.
Write arrows
indicating water
movement
direction. Include
definitions of
lysis, crenation,
turgor pressure,
and plasmolysis
as appropriate.
Review and6.
quiz yourself:
Close the flaps
and try to recall
what happens in
each condition.
The foldable
becomes a
flashcard-like
study aid.

Teachers  may  extend
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the activity  by  having
s t u d e n t s  w r i t e  a
sentence  summarizing
each  scenario  on  the
back  of  the  flap.  The
Cells  and  Tonicity
Foldable  can  also  be
adapted for digital use
with  interactive  PDFs
or  s l i des ,  bu t  the
p h y s i c a l  v e r s i o n
remains  a  favorite  for
i t s  s impl ic i ty  and
effectiveness.

Connecti
ng
Foldable
Content
to Deeper
Biology

Concepts
While  the  foldable
focuses  on  the  three
ton ic i ty  s tates ,  i t
natura l ly  leads  to
richer  discussions.  For
instance,  why  can
plant  cells  tolerate
hypotonic  solutions
whi le  animal  cel ls
cannot?  The  answer
lies in the cell wall. The
Cells  and  Tonicity
Foldable  typically
includes  side-by-side
comparisons  of  plant
and  an ima l  ce l l s ,
reinforcing  the  idea
t h a t  s t r u c t u r a l
differences  affect
responses  to  osmotic
stress.
Add i t i ona l l y ,  the
foldable  helps  clarify
the difference between
osmosis  and  tonicity.
Osmosis is the passive
movement  of  water
across  a  membrane,
whi le  tonic i ty  is  a
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measure  of  the  effect
that a solution has on
c e l l  v o l u m e .  B y
illustrating  water  flow
w i t h  a r r o w s ,  t h e
foldable  makes  this
dist inct ion  visual.
Students can see that
i n  a  h y p o t o n i c
environment,  more
water  enters  than
leaves  (net  gain) ,
w h e r e a s  i n  a
h y p e r t o n i c
env i ronment ,  the
opposite  occurs.
The  fo ldab le  a l so
serves  as  a  bridge  to
top ics  l i ke  act ive
t r a n s p o r t ,
osmoregulat ion  in
p r o t i s t s  ( e . g . ,
contractile  vacuoles),
a n d  m e d i c a l
applications  such  as
d i a l y s i s .  O n c e  a
student  masters  the
three  basic  scenarios,
they can explore more
complex ideas like the
role  of  aquaporins
(protein  channels  that

speed water transport)
or  how  marine  fish
b a l a n c e  s a l t
concentrations.

Common
Misconce
ptions
Addresse
d by the
Foldable
Biology teachers often
report  that  students
confuse  the  terms
h y p o t o n i c  a n d
hypertonic.  The  Cells
a n d  T o n i c i t y
F o l d a b l e  h e l p s
c o m b a t  t h i s  b y
associating  each  term
with a vivid image. For
example:

Hypo (meaning
"under" or "less")
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= less solute
outside → water
enters → cell
swells. The
foldable's
drawing of an
"overstuffed" cell
reinforces the
"hypo" prefix.
Hyper (meaning
"over" or "more")
= more solute
outside → water
exits → cell
shrinks. The
foldable's image
of a shriveled cell
cements the
"hyper" concept.
Iso (meaning
"same") = no net
change. The
foldable shows a
balanced, normal
cell.

Another common pitfall
is thinking that tonicity
depends  only  on  the
concentration of water
(or  of  all  solutes).  In
reality,  it  depends  on
n o n p e n e t r a t i n g

solutes—those  that
c a n n o t  c r o s s  t h e
m e m b r a n e .  T h e
f o l d a b l e  c a n  b e
annotated to note that
penetrating  solutes
(like  urea  or  ethanol)
do  not  cause  osmotic
shifts  because  they
diffuse  across  and
e q u a l i z e
c o n c e n t r a t i o n s .
Including  this  nuance
in the foldable's notes
h e l p s  p r e v e n t
misunders tand ings
later in the course.

Adapting
the Cells
and
Tonicity
Foldable
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for
Different

Learners
One  strength  of  the
Cells  and  Tonicity
F o l d a b l e  i s  i t s
flexibility.  For  English
language  learners,
teachers  can  add
labeled  diagrams  with
simple vocabulary. For
advanced students, the
foldable can include a
fourth  flap  covering
isotonic  in  plant  vs.
animal  contexts,  or  a
section  on  calculating
solute  concentration
using  molarity.  Visual
learners  benefit  from
color-coded  arrows
(blue for water, red for
solute),  while  auditory
learners  can  record
themselves  explaining
each  flap  and  play  it
back.

Teachers may also use
t h e  f o l d a b l e  a s  a
formative  assessment
tool.  After  students
c o m p l e t e  t h e i r
foldables,  peers  can
swap  and  quiz  each
other.  Alternatively,
the  foldable  can  be
g l u e d  i n t o  a n
interactive  science
notebook and referred
to  throughout  the
semester. Because it is
compact  and  se l f -
contained,  i t  is  an
excellent  resource  for
exam review.

Beyond
the
Basics:
Tonicity
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in Real-
World

Contexts
T h e  p r i n c i p l e s
illustrated in the Cells
a n d  T o n i c i t y
F o l d a b l e  h a v e
everyday  relevance.
For  example:

Food
preservation:
Salting meat or
pickling
vegetables
creates a
hypertonic
environment that
kills bacteria by
drawing water
out of their cells.
Medical
treatments:
Intravenous
solutions must
be isotonic to
prevent damage
to blood cells.

Dehydrated
patients may
receive
hypotonic fluids,
but careful
monitoring is
needed to avoid
hemolysis.
Agriculture:
Over-fertilizing
soil can create
hypertonic
conditions
around plant
roots, leading to
wilting
(plasmolysis).
The foldable
helps gardeners
understand why
"burning" occurs.
Freshwater
organisms:
Paramecia live in
hypotonic
environments
and use
contractile
vacuoles to expel
excess water.
The foldable's
comparison of
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plant and animal
cells can be
extended to
protists.

By  l inking  foldable
c o n t e n t  t o  t h e s e
examples,  educators
make science relevant
a n d  m e m o r a b l e .
Students begin to see
ton ic i ty  not  as  an
abstract concept but as
a  d y n a m i c  f o r c e
shaping  l i fe  at  the
cellular  level.

Integratin
g the
Foldable
with
Other

Resource
s
While  the  Cells  and
Tonicity  Foldable  is
powerful on its own, it
pairs  well  with  other
instructional  materials.
Consider  combining  it
with:

Virtual lab
simulations:
Websites like
PhET offer
interactive
osmosis labs
where students
can adjust solute
concentrations
and observe cell
changes.
Videos:
Animations of
red blood cells in
different
tonicities bring
the foldable's
static drawings
to life.
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Hands-on
experiments:
Students can use
gummy bears or
potato strips
soaked in salt
water, fresh
water, and
balanced
solutions to
observe weight
and texture
changes.
Connecting the
foldable to this
lab reinforces
learning.
Case studies:
Real medical
scenarios (e.g.,
why drinking
seawater kills
marine animals?)
challenge
students to apply
their foldable
knowledge.

Teachers  can  a lso
create  a  gallery  walk
where students display
their  foldables  and
e x p l a i n  t h e m  t o

c l assmates .  Th i s
collaborative  approach
p r o m o t e s
communication  skills
a n d  d e e p e n s
understanding.

Assessing
Understa
nding
Through
the
Foldable
T h e  C e l l s  a n d
Tonicity  Foldable  is
not just a study aid—it
can also be used as a
s u m m a t i v e
assessment.  Rubrics
might  evaluate:

Accuracy: Are
the drawings and
descriptions
correct for each
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tonicity type?
Completeness:
Are plant and
animal cells both
represented?
Use of
terminology:
Are terms like
lysis, crenation,
turgor, and
plasmolysis used
appropriately?
Neatness and
creativity: Is
the foldable
organized and
visually
engaging?

By  grading  foldables,
teachers  gain  insight
into  which  students
have  grasped  the
concepts  and  who
might need extra help.
Because the foldable is
student-generated,  it
reveals  individual
t h i n k i n g  a n d
misconceptions  more
effectively  than  a
multiple-choice  test.

Conclusio
n
T h e  C e l l s  a n d
Tonicity  Foldable  is
far  more  than  a  craft
activity—it is a proven
pedagogical  tool  that
t r a n s f o r m s  a
challenging  biology
t o p i c  i n t o  a n
accessible,  memorable
e x p e r i e n c e .  B y
constructing a physical
model  that  compares
hypotonic,  isotonic,
a n d  h y p e r t o n i c
conditions,  students
actively  engage  with
c o r e  i d e a s  a b o u t
osmosis, cell structure,
and  water  movement.
The foldable caters  to
diverse learning styles,
co r rec ts  common
errors,  and provides a
compact reference that
c a n  b e  r e v i s i t e d
throughout a course.
Whether  you  are  a
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teacher seeking a fresh
a p p r o a c h  t o  c e l l
transport or a student
looking  for  a  study
method  that  actually
sticks, investing time in
making  and  using  a
Cel ls  and  Tonic i ty
Fo ldab le  w i l l  pay
dividends.  The  hands-
on  process  reinforces
the  science,  and  the

finished product serves
as  a  lasting  reminder
of how cells respond to
their  fluid
environments.  In  a
world  where biological
literacy  matters  more
t h a n  e v e r ,
understanding  tonicity
is  essential—and  a
simple folded piece of
paper  might  be  the
best teacher of all.


