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WHAT ARE
MODELS IN MATH?
A COMPLETE
GUIDE TO
UNDERSTANDING
MATHEMATICAL
MODELS

Mathematics  is  often
seen  as  a  wor ld  of
abstract  numbers,
e q u a t i o n s ,  a n d
theorems.  However,
o n e  o f  i t s  m o s t
powerful  and  practical
uses lies in something
c a l l e d  a
mathematical model.
But what are models in
m a t h  e x a c t l y ?  I n
s i m p l e  t e r m s ,  a
mathematical model is

a description of a real-
w o r l d  s y s t e m  o r
phenomenon  using
m a t h e m a t i c a l
language,  concepts,
and tools. Think of it as
a bridge that connects
the  concrete  world
a r o u n d  u s  t o  t h e
abs t rac t  wor ld  o f
mathematics.  Whether
you are predicting the
weather,  designing  a
car  engine,  analyzing
t h e  s p r e a d  o f  a
disease,  or  planning
your  finances,  you  are
l ikely  re ly ing  on  a
mathematical  model.
This article will explore
the  nature,  types,
c r e a t i o n ,  a n d
applications  of  these
models,  showing  you
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just how essential they
are  in  understanding
and shaping our world.

UNDERSTANDING
MATHEMATICAL
MODELS

A t  i t s  c o r e ,  a
mathematical  model
is  a  simplified
representation  of  a
complex  system.  It
u s e s  v a r i a b l e s ,
parameters,  functions,
e q u a t i o n s ,  a n d
inequalities  to  mimic
the  behavior  of  the
system  being  studied.
For example, a simple
model  for  population
growth  might  use  an
equation  that  relates
t h e  n u m b e r  o f
individuals to time and
the  birth  and  death
rates .  Th is  mode l
allows  us  to  forecast
future population sizes
without having to wait
a n d  c o u n t  e v e r y
person.

The  key  idea  is  that
models are not perfect
repl icas;  they  are
p u r p o s e f u l
simplifications.  They
captu re  the  mos t
important features of a
system  while  ignoring
minor  details.  This
reductionism  is  what
makes  them useful.  If
models tried to include
every  single  factor,
they would become as
complex  as  the  real
system itself  and lose
their predictive power.
Instead,  good  models
s t r i k e  a  b a l a n c e
between accuracy and
simplicity.

Key
Character
istics of
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Mathema
tical

Models
Variables and
Parameters:
Variables change
over time or
under different
conditions (e.g.,
temperature,
population size).
Parameters are
constants that
define the
system (e.g.,
growth rate,
friction
coefficient).
Assumptions:
Every model is
built on
assumptions that
simplify reality.
For instance, a
model might
assume that a
population grows

without limits or
that weather
patterns are
purely random.
Equations or
Rules: The heart
of a
mathematical
model is usually
one or more
equations that
describe
relationships.
These can be
algebraic,
differential,
integral, or even
logical rules.
Outputs: Models
generate output
such as
predictions,
trends, or
optimal
solutions. These
outputs help in
decision-making.
Validation and
Testing: A
model is not
useful unless it
can be tested
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against real-
world data.
Validation
ensures that the
model's
predictions
match observed
behavior.

TYPES OF
MATHEMATICAL
MODELS

Mathematical  models
come  in  many  forms,
a n d  t h e y  c a n  b e
classified  in  several
ways.  Understanding
these categories helps
you  choose  the  right
modeling approach for
a given problem.

Analytical
vs.
Numerica

l Models
Analytical  models
can  be  solved  using
exact  mathematical
methods. They yield a
closed-form  solution,
like y = 2x + 3. These
are  often  simpler  and
a l l o w  f o r  d i r e c t
interpretation.  For
example, Newton’s law
of  gravitation  is  an
analytical  model  that
gives an exact formula
for  the  force  between
two masses.  However,
analytical solutions are
on l y  poss i b l e  f o r
re la t i ve ly  s imp le
systems.
Numerical  models,
on the other hand, rely
on  computat iona l
m e t h o d s  t o
approximate  solutions.
When  equations  are
too  complex  to  solve
b y  h a n d ,  w e  u s e
a l g o r i t h m s  a n d
c o m p u t e r s .  F o r
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instance,  weather
forecasting models are
numerical — they solve
millions of calculations
e v e r y  s e c o n d  t o
simulate  atmospheric
behavior.  Most  real-
world  modeling  today
is numerical because of
t h e  i m m e n s e
complexity involved.

Determini
stic vs.
Stochasti
c Models
A  determin is t i c
model  produces  the
same  output  for  a
given  set  of  inputs
every time. There is no
r a n d o m n e s s .  F o r
example, the equation
for  simple  interest  is
deterministic:  if  you
know  the  principal,
rate,  and  time,  the

interest  is  fixed.  These
models  are  usefu l
when  the  system  is
well  understood  and
random  factors  are
negligible.
Stochastic  models
i n c o r p o r a t e
r a n d o m n e s s  a n d
probability.  They  are
used when uncertainty
plays a major role. For
instance,  the  stock
m a r k e t  i s  o f t e n
m o d e l e d  u s i n g
stochastic  differential
equations  because
prices  fluctuate
unpredictably.  In  a
stochastic  model,  the
same  inputs  can  lead
to  different  outputs,
a n d  t h e  m o d e l
provides  a  range  of
possible  outcomes
a l o n g  w i t h  t h e i r
probabil it ies.
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Other
Classifica

tions
Static vs.
Dynamic: Static
models represent
a system at a
single point in
time, while
dynamic models
track changes
over time.
Linear vs.
Nonlinear:
Linear models
have
relationships that
can be graphed
as straight lines;
nonlinear models
involve curves,
exponents, or
more complex
interactions.
Discrete vs.
Continuous:
Discrete models

use integer steps
(e.g., number of
people in a
queue), while
continuous
models use
smooth
quantities (e.g.,
water flow in a
pipe).
Physical vs.
Conceptual:
Physical models
are tangible (like
a scale model of
a bridge), while
conceptual
models exist only
as equations or
diagrams.
Mathematical
models are
primarily
conceptual but
can be
simulated.

THE PROCESS OF
BUILDING A
MATHEMATICAL
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MODEL

C r e a t i n g  a
mathematical model is
both a science and an
art. It involves several
stages that ensure the
model  is  relevant,
accurate,  and  useful.
H e r e  i s  a  t y p i c a l
modeling  process:

Problem1.
Identification:
Clearly define
the real-world
problem you
want to address.
What questions
do you want the
model to
answer? For
example, "How
will a new
vaccine affect
the spread of a
virus?"
Identification2.
of Variables
and
Parameters:
Determine which
factors are

important. Which
variables can
change? Which
parameters are
fixed? In a
disease model,
variables might
be the number of
susceptible,
infected, and
recovered
people.
Parameters could
include
transmission rate
and recovery
time.
Making3.
Assumptions:
Simplify reality.
Perhaps you
assume the
population is well
mixed, or that
immunity lasts
forever.
Assumptions
must be stated
explicitly
because they
limit the model's
validity.
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Formulating4.
Equations:
Translate
relationships into
mathematical
statements. This
step often
involves using
differential
equations,
algebraic
equations, or
logical rules. For
example, the
rate of change of
infected people
might equal the
transmission rate
times the
number of
susceptible times
the number of
infected.
Solving the5.
Model: If
possible, find
analytical
solutions.
Otherwise,
develop a
numerical
algorithm and

run simulations.
This step often
requires coding
in languages like
Python, MATLAB,
or R.
Validation and6.
Calibration:
Compare model
outputs with real-
world data. If the
model does not
fit, adjust
parameters or
revisit
assumptions.
Calibration
involves
tweaking
parameters to
match historical
data.
Using the7.
Model: Once
validated, the
model can be
used for
prediction,
optimization, or
understanding.
Always
document
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limitations and
assumptions so
users know when
the model might
fail.
Iteration:8.
Modeling is
rarely a one-shot
process. You may
need to refine
the model as
new data
becomes
available or as
you gain deeper
insight.

REAL-WORLD
APPLICATIONS OF
MATHEMATICAL
MODELS

Mathematical modeling
is not just an academic
e x e r c i s e ;  i t  i s  a
cornerstone of modern
science,  engineering,
and  decision-making.
H e r e  a r e  s o m e
prominent  fields  where
models  play  a  critical
role:

Science
and
Engineeri
ng
Physicists  use  models
to  understand  particle
interactions,  planetary
motion,  and  quantum
phenomena.  Engineers
m o d e l  s t r e s s  i n
bridges,  airflow  over
w i n g s ,  a n d  h e a t
transfer  in  engines.
Without  models,  we
would  rely  solely  on
costly  trial-and-error
experiments.

Economic
s and
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Finance
Economis ts  bu i ld
models  to  pred ic t
inflation,
unemployment,  and
GDP  growth.  Financial
analysts  use  models
for  stock  pricing  (like
the  Black-Scholes
m o d e l )  a n d  r i s k
management.  These
m o d e l s  h e l p
governments  and
c o m p a n i e s  m a k e
informed decisions.

Biology
and
Medicine
From  the  growth  of
tumors to the spread of
e p i d e m i c s ,
mathematical  models
are indispensable. The
famous  S IR  model
(Susceptible-Infected-
Recovered)  helped

e p i d e m i o l o g i s t s
u n d e r s t a n d  a n d
combat  COVID-19.
Models also guide drug
dosage and treatment
planning.

Climate
and
Environm
ental
Science
C l i m a t e  m o d e l s
s i m u l a t e  E a r t h ' s
atmosphere,  oceans,
and  land  to  predict
global  warming,  storm
paths,  and  sea  level
rise. These models are
incredibly complex but
v i t a l  f o r  p o l i c y
decisions  on  carbon
emissions.
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Social
Sciences
Sociologists model how
opinions  spread,  how
traffic  flows,  and  how
populations  migrate.
Even  voting  behavior
can be modeled using
mathematical  rules
based on game theory.

BENEFITS AND
LIMITATIONS OF
MATHEMATICAL
MODELS

Why  is  modeling  so
widespread? Because it
offers  clear
advantages:

Prediction:
Models allow us
to foresee future
states of a
system, from
tomorrow's
weather to next
year's sales.
Insight: They

help uncover
underlying
principles and
relationships that
may not be
obvious from raw
data.
Cost and
Safety:
Simulating a
crash test is far
cheaper and
safer than
crashing a
hundred real
cars.
Optimization:
Models can find
the best way to
allocate
resources, design
circuits, or
schedule
deliveries.
Communication
: Mathematical
models provide a
clear, logical
language to
describe complex
systems across
disciplines.
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However,  models  also
have  limitations  that
every  user  must  be
aware of:

Simplification:
By ignoring
details, models
may miss critical
factors. For
example, a
model that
assumes perfect
competition may
not reflect real
market behavior.
Uncertainty: All
models have
uncertainty,
especially
stochastic ones.
Predictions are
probabilistic, not
certain.
Data
Dependency: A
model is only as
good as the data
used to build and
validate it.
Garbage in,
garbage out.
Overreliance:

People
sometimes trust
models blindly,
forgetting that
they are
approximations.
The financial
crisis of 2008
was partly due to
overconfidence
in flawed risk
models.

MATHEMATICAL
MODELING IN
EDUCATION

Teaching  students
what  models  are  in
math  is  increasingly
important.  Curricula
a round  the  wor ld
incorporate  modeling
as  a  core  practice.
When students engage
in modeling, they learn
to ask questions, make
assumptions,  and  test
ideas.  They  connect
math  to  real-world
problems, which boosts
e n g a g e m e n t  a n d
understanding.
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For instance, a middle
school  class  might
model  the  bounce
height  of  a  ball  using
linear  or  quadratic
equations. High school
students  might  model
population  growth
using  exponent ia l
functions.  Col lege
s t u d e n t s  t a c k l e
dynamic  systems with
differential  equations.
Modeling  also  teaches
computational  thinking
and collaboration, skills
that  are  valuable  in
any career.

COMMON
EXAMPLES OF
MATHEMATICAL
MODELS

The SIR
Epidemiol

ogical
Model
One of the simplest yet
most  powerful  models
for  infectious  diseases
divides  a  population
into  three  groups:
S u s c e p t i b l e  ( S ) ,
I n f e c t e d  ( I ) ,  a n d
Recovered  (R).  The
model  uses  differential
equations  to  describe
how  individuals  move
between these  groups
over  t ime.  It  helps
public  health  officials
predict the peak of an
outbreak and evaluate
intervent ions  l ike
vaccines  or  socia l
distancing.

Supply
and
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Demand
Model
In  economics ,  the
supply  and  demand
model  uses  l inear
functions  to  find  the
equilibrium  price  and
quantity in a market. It
assumes  that  price
influences  both  supply
( p r o d u c e r s )  a n d
demand  (consumers),
and the intersection of
the  two  curves  gives
the  market-clearing
price.

Projectile
Motion

Model
Physics  students  learn
a simple model for an
object thrown into the
air.  It  uses  equations
like y = v0t - 0.5g t2 to
describe  the  height
over  time.  This  model
ignores  air  resistance
but is accurate enough
for  many  practical
purposes.

The
Lotka-
Volterra
Model
This  classic  predator-
prey  model


