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INTRODUCTION:
BRIDGING
BIOLOGY AND
TECHNOLOGY
WITH GIZMO

Evolution is one of the
most  compelling  and
foundational  concepts
in  biology,  yet  it  can
also be one of the most
challenging  to  grasp.
The  mechanisms  of
natural selection and
artificial  selection
are  often  abstract,
requiring  students  to
visualize  processes
t h a t  u n f o l d  o v e r
thousands  or  even
millions of years. Enter
the Gizmo platform—a

dynamic,  interactive
simulation  tool  that
b r i n g s  t h e s e
evolutionary  forces  to
life  on the screen.  By
exp lo r i ng  Gizmo
natural  and  artificial
selection  activities,
learners of all ages can
manipulate  variables,
observe  outcomes  in
real time, and develop
a  d e e p ,  i n t u i t i v e
understanding  of  how
species  change  over
generat ions .  Th is
art ic le  prov ides  a
c o m p r e h e n s i v e
exploration  of  how
Gizmo  fac i l i ta tes
learning  about  both
natural  and  artificial
selection,  the  scientific
principles behind these
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processes,  and  the
profound  educational
benefits  of  using
s i m u l a t e d
environments to study
evolution.

UNDERSTANDING
NATURAL
SELECTION: THE
ENGINE OF
EVOLUTION

Natural  selection,  first
articulated  by  Charles
Darwin, is the process
by  which  organisms
better adapted to their
environment  tend  to
survive  and  produce
more  offspring.  The
core idea is simple yet
powerful:  variation
exists  within  every
p o p u l a t i o n ,  a n d
e n v i r o n m e n t a l
pressures  determine
which variations confer
a  survival  advantage.
Over  generat ions,
advantageous  traits
b e c o m e  m o r e
common,  leading  to

a d a p t a t i o n  a n d ,
eventually, speciation.

How
Gizmo
Simulates
Natural
Selection
The  Gizmo  natural
and  artificial
selection  simulation
places  learners  in
control  of  a  virtual
ecosystem.  Typically,
t h i s  i n v o l v e s  a
p o p u l a t i o n  o f
o r g a n i s m s — o f t e n
represented as colorful
creatures  or  simple
shapes—living  in  an
envi ronment  wi th
specific  conditions,
such  as  a  particular
background  color  or
t h e  p r e s e n c e  o f
predators.  Students
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c a n  i n t r o d u c e
mutations, change the
environment,  and  run
simulations over many
generations.  What
m a k e s  G i z m o
particularly  effective  is
its ability to compress
time.  In  a  matter  of
minutes,  users  can
o b s e r v e  h o w  a
population  evolves  in
response  to  selective
pressures,  making  the
abstract  concept  of
natura l  se lec t ion
t a n g i b l e  a n d
observable.
Fo r  example ,  i n  a
classic  Gizmo  activity,
you  m igh t  have  a
population  of  rabbits
living  on  a  field.  Some
rabbits are white, some
are  brown,  and  some
are black. If the field is
covered in snow, white
rabbits  are  better
camouflaged  and  less
likely  to  be  eaten  by
p r e d a t o r s .  O v e r
s u c c e s s i v e

gene ra t i ons ,  t he
frequency of the white
allele  increases.  By
adjusting  parameters
such as mutation rate,
p redator  type ,  o r
background  color,
s tuden t s  can  see
firsthand  how
environmental  factors
drive  evolutionary
change. This hands-on
experimentation  is  at
the heart of the Gizmo
natural  and  artificial
selection experience.

THE SCIENCE
BEHIND THE
SIMULATION: KEY
PRINCIPLES
ILLUSTRATED

Gizmo  activities  are
not  just  games—they
are  carefully  designed
t o  i l l u s t r a t e
fundamental  biological
p r i n c i p l e s .
Understanding  these
principles  is  essential
for  anyone  studying
evolution.
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Variation
and
Mutation
No two individuals in a
population are  exactly
alike.  This  variation,
m u c h  o f  w h i c h  i s
heritable, provides the
r a w  m a t e r i a l  f o r
natural  selection.  In
Gizmo,  students  can
introduce  random
mutations  into  the
population,  observing
how  new  traits  arise
and  either  spread  or
disappear  depending
on  their  utility.  This
demonstrates  that
m u t a t i o n  i s  t h e
ult imate  source  of
genet ic  d ivers i ty,
w i t h o u t  w h i c h
evolution  would  grind
to a halt.

Heritabilit
y
For natural selection to
occur,  traits  must  be
passed from parents to
offspring.  Gizmo
simulations  clearly
show  how  traits  are
i n h e r i t e d  a c r o s s
g e n e r a t i o n s .  B y
tracking the lineage of
specific  individuals,
students  can see how
advantageous  traits
become more common
o v e r  t i m e ,  w h i l e
disadvantageous  traits
are  weeded  out.  This
visual  representation
o f  h e r i t a b i l i t y
reinforces  the  genetic
basis of evolution.

Differenti
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al
Survival
and
Reproduc

tion
Natural selection is not
about survival alone—it
is  about  reproductive
success.  An  organism
may survive to old age,
b u t  i f  i t  d o e s  n o t
reproduce, its genes do
not  pass  to  the  next
generation.  Gizmo
models this by tracking
n o t  j u s t  w h i c h
individuals survive but
how  many  offspring
they  produce.  This
nuanced  approach
h e l p s  l e a r n e r s
u n d e r s t a n d  t h a t
fitness  in  an
evolutionary context is
about  reproductive

ou tpu t ,  no t  mere
longevity.

Environm
ental
Pressure
The environment is the
select ive  agent  in
natural  selection.  In
Gizmo, users can alter
the environment in real
time,  shifting  from  a
snowy landscape to  a
forest floor or a desert.
Each change imposes a
different  set  of
p r e s s u r e s  o n  t h e
p o p u l a t i o n .  T h i s
interactivity  allows
students  to  explore
h o w  t h e  s a m e
population  can  evolve
in  entirely  different
directions  depending
on the environment. It
is a powerful lesson in
t h e  c o n t e x t -
d e p e n d e n c e  o f
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adaptation.

ARTIFICIAL
SELECTION: WHEN
HUMANS BECOME
THE SELECTIVE
FORCE

While natural selection
i s  d r i v e n  b y
e n v i r o n m e n t a l
pressures,  artificial
selection  (also  called
selective  breeding)  is
d r i v e n  b y  h u m a n
choice.  For  thousands
of years, humans have
b r e d  p l a n t s  a n d
animals  for  desirable
traits—larger  fruits,
friendlier  dogs,  higher
milk  yields.  Gizmo
provides  an  equally
compelling  simulation
for  artificial  selection,
allowing  students  to
take on the role of the
breeder.

The
Gizmo
Approach
to
Artificial
Selection
In the Gizmo natural
and  artificial
selection  module
focused  on  artificial
selection,  the  user
becomes the selecting
agent .  I ns tead  o f
letting  predators  or
cl imate  determine
which  ind iv idua ls
survive,  you  choose
w h i c h  o r g a n i s m s
reproduce  based  on
specific traits you want
to promote. This might
involve  selecting  the
largest individuals, the
most  colorful  ones,  or
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those with a particular
b e h a v i o r .  O v e r
generations,  you  can
amplify  the  desired
t ra i t ,  j u s t  a s  dog
breeders have done to
create everything from
Chihuahuas  to  Great
Danes from a common
ancestor.
Th is  s imulat ion  is
particularly effective at
demonstrating  the
power  and  speed  of
artificial  selection.
W h e r e a s  n a t u r a l
selection  can  take
many  generations  to
produce  noticeable
change,  artificial
selection  often  yields
dramatic  results  in  a
relatively  short  time
b e c a u s e  h u m a n
s e l e c t i o n  i s  s o
d e l i b e r a t e  a n d
consistent.  Gizmo
users  can  see  th is
acceleration  firsthand,
reinforcing the concept
that selection intensity
directly affects the rate

of evolutionary change.

COMPARING
NATURAL AND
ARTIFICIAL
SELECTION: KEY
SIMILARITIES AND
DIFFERENCES

The  Gizmo  natural
and  artificial
selection  platform
excels  at  highlighting
both the parallels  and
t h e  d i s t i n c t i o n s
between  these  two
evolutionary  forces.
Understanding  these
nuances is critical for a
complete  grasp  of
evolutionary biology.

Shared
Mechanis
ms

Both rely on
variation:
Without heritable
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variation in a
population,
neither natural
nor artificial
selection can
occur. Gizmo
makes this clear
by allowing users
to introduce
mutations in
both modes.
Both involve
differential
reproduction:
In both
scenarios, some
individuals
contribute more
genes to the next
generation than
others. The
difference lies
only in who—or
what—determine
s which
individuals are
favored.
Both lead to
population
change over
time: The
eventual

outcome of both
processes is a
shift in the
frequency of
traits within a
population.
Gizmo timelines
and graphs
visually
document this
change.

Critical
Differenc
es

The selecting
agent: In natural
selection, the
environment
(including
predators,
climate, and food
availability) does
the selecting. In
artificial
selection,
humans make
the choices.
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Speed of
change:
Artificial
selection is
generally much
faster because
human goals are
focused and
consistent across
generations.
Natural selection
can be slower
and more
variable.
Intentionality:
Natural selection
has no goal or
purpose—it is a
blind process.
Artificial
selection is
driven by human
intention and
desired
outcomes.
Potential for
maladaptation:
Traits favored by
artificial
selection may
actually reduce
an organism's

fitness in the
wild. Gizmo
allows students
to explore this by
taking artificially
selected
populations and
placing them
back into a
natural
environment,
often with
surprising and
instructive
results.

EDUCATIONAL
BENEFITS OF THE
GIZMO PLATFORM

The  Gizmo  natural
and  artificial
selection  activities
are not merely add-ons
t o  a  b i o l o g y
c u r r i c u l u m — t h e y
represent  a  paradigm
shift  in  how  complex
evolutionary  concepts
a r e  t a u g h t .  T h e
educational  benefits
are numerous and well-
documented.
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Active
Learning
and
Engagem
ent
Traditional  textbooks
can  describe  natural
selection,  but  Gizmo
allows  students  to  do
s c i e n c e .  B y
manipulating variables,
forming  hypotheses,
and testing predictions,
learners  engage  in
genuine  inquiry-based
learning.  This  active
participation  leads  to
deeper  understanding
and better retention of
material.  Students  are
not  passive  recipients
of  information;  they
a r e  e x p l o r e r s ,
b r e e d e r s ,  a n d
evolutionary  biologists

in  their  own  virtual
laboratory.

Visualizin
g
Abstract
Concepts
One  of  the  greatest
challenges in  teaching
e v o l u t i o n  i s  t h e
timescale involved. It is
difficult  for  students  to
appreciate  how  small
c h a n g e s  c a n
a c c u m u l a t e  o v e r
generations to produce
d r a m a t i c
transformations. Gizmo
compresses  these
t imesca les  in to  a
manageable  format,
allowing  students  to
watch evolution unfold
in minutes.  The visual
n a t u r e  o f  t h e
s i m u l a t i o n — w i t h
organisms  changing
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color, size, or behavior
b e f o r e  t h e i r
eyes—makes  abstract
concepts  concrete.

Safe and
Repeatab
le
Experime
ntation
In  a  real  laboratory,
studying  evolution
requ i res  years  o f
observation and careful
record-keeping.  With
Gizmo,  students  can
r u n  t h e  s a m e
experiment  multiple
times,  changing  just
one variable each time
to  see  how  it  affects
the  outcome.  This
ability  to  repeat  and
refine  experiments  is
essential  for  scientific
reasoning.  Moreover,

there  are  no  ethical
c o n c e r n s  a b o u t
m a n i p u l a t i n g
populations in a virtual
environment,  making
Gizmo an ideal tool for
exploring  sensitive
topics  like  extinction,
inbreeding,  and  the
effects  of  extreme
selection  pressures.

Supportin
g
Differenti
ated
Instructio
n
Gizmo activities can be
ta i lo red  to  a  w ide
range  o f  learn ing
l e v e l s .  Y o u n g e r
students can focus on
the  basic  idea  that
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o r g a n i s m s  w i t h
advantageous  traits
survive and reproduce.
Advanced students can
delve  into  population
genetics,  calculating
allele  frequencies  and
exploring  the  Hardy-
Weinberg  principle.
This  flexibility  makes
Gizmo  natural  and
artificial  selection  a
valuable  resource  for
c l a s s r o o m s  w i t h
d i v e r s e  s t u d e n t
a b i l i t i e s  a n d
backgrounds.

PRACTICAL TIPS
FOR MAXIMIZING
LEARNING WITH
GIZMO

To get the most out of
the  Gizmo  natural
and  artificial
selection  simulation,
consider  the  following
strategies:

Start with1.
guided
exploration:

Before diving
into complex
experiments,
allow students to
freely explore
the simulation to
become familiar
with the controls
and observe
basic patterns.
Encourage2.
hypothesis
formation: Have
students write
down a
prediction before
running each
simulation. For
example, "If I
increase the
predation rate,
then the
population will
become better
camouflaged
within ten
generations."
Use the data3.
tracking
features: Gizmo
provides graphs
and tables that
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document
changes over
time. Teach
students how to
interpret these
data
visualizations to
support their
conclusions.
Compare and4.
contrast
exercises: Have
students run the
same simulation
under natural
selection
conditions and
then under
artificial
selection
conditions,
documenting the
differences in
speed and
outcome.
Connect to5.
real-world
examples: After
a Gizmo activity,
discuss real-
world
analogs—antibiot

ic resistance in
bacteria (natural
selection) and
the development
of different dog
breeds (artificial
selection).
Incorporate6.
reflection: End
each session
with a short
written reflection
asking students
what surprised
them and what
questions they
still have.

ADDRESSING
COMMON
MISCONCEPTIONS

Using  Gizmo  natural
and  artificial
selection  simulations
can  also  help  dispel
p e r s i s t e n t
misconceptions  about
e v o l u t i o n .  M a n y
students  believe  that
individuals try to adapt
or that evolution has a
d i rect ion  or  goa l .
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Gizmo  shows  clearly
t h a t  m u t a t i o n  i s
r a n d o m  a n d  t h a t
se lec t ion  ac ts  on
existing  variation,  not
on what the organism
"needs."  Similarly,
students  sometimes
think that all traits are
adaptive.  By  running
simulations  where
n e u t r a l  o r  e v e n
harmful  traits  appear
d u e  t o  r a n d o m
m u t a t i o n ,  G i z m o
demonstrates  that  not
every  characteristic  is
the result of selection.
These  insights  are
invaluable  for  building
a scientifically accurate
mental  model  of  how
evolution works.

CONCLUSION: THE
LASTING IMPACT
OF SIMULATED
EVOLUTION

Exp lo r i ng  Gizmo
natural  and  artificial
selection is more than
jus t  an  academic
exerc i se—i t  i s  an
immersive journey into
the  very  mechanisms
that  shape  l i fe  on
Earth.  By  putting  the
power of selection into
students' hands, Gizmo
transforms  passive
learning  into  active
discovery.  Whether
o b s e r v i n g  h o w  a
population  of  virtual
creatures  adapts  to  a
changing  environment
o r  d e l i b e r a t e l y
breeding  for  a  specific
tra i t ,  users  gain  a
visceral  appreciation
for  the  elegance  and
power  of  evolutionary
processes.  In  an  age
where  scientific
literacy is more critical
than ever, tools like


