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MOTIVATION

The precise movement of individuals through the 
transportation network is incredibly complex. Instead 
of modelling every little detail, we assume many 
details are stochastic and handle the data using 
statistical tools.

 To reduce the costs of data collection

 To make life easier 

 To enable us to build complex systems that represent 
reality
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EXAMPLE 
APPLICATIONS 

Uses:
 To determine how many data samples we need to collect

 To estimate how much confidence we should have in a 
sample of data

 Check what statistical distribution matches with reality

 Model stochastic arrivals and departures (e.g. Poisson 
arrivals) 

 Handle normal variability in human population

 Research
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FUNDAMENTALS 

Discrete random variables:
 Number of vehicles in a household

 Number of times a person will go grocery shopping in a 
week

Continuous random variables:
 Height or weight of students in a class

 Vehicle speed

 Commute time 
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You are tasked with collecting speed data on a local 
street. These are your results:

What can we say about the speed on this street?
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DESCRIPTORS

Central tendency
 Mean 𝝁

 Contrast arithmetic, harmonic, truncated, and geometric means

 Median 

 Mode

Dispersion
 Maximum 

 Minimum

 [Interquartile] Range

 Variance

 Standard deviation 𝝈
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NORMAL 
DISTRIBUTION

The most commonly used distribution. Why? Found 
very frequently in nature.

 Many aspects of human populations are normally 
distributed

 Height or weight
of individuals

 Vehicle speed

 Commute time
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DISTRIBUTION 
FUNCTIONS

Probability distribution function:
 Discrete: histogram

 Continuous: function

 Provides the probability of
obtaining the corresponding
value of X

 Sum of area = 1

Cumulative distribution function:
 Incremental probability of

obtaining the corresponding
value < X

 Probability ranges from 0 to 1
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PROBABILITIES

Some important
characteristics:

 68.3% of the
observations are
within one σ 

 95.0% of the
observations are
within 1.96 σ 

 99.7% of the
observations are
within 3 σ 

 “Outliers” lie literally at the edges
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STANDARD NORMAL 
DISTRIBUTION

Any normal 
distribution can be 
converted into an 
equivalent standard 
normal distribution

 𝜇 = 1

 𝜎 = 1

For random variable 𝑥, 
the standard normal 
variable 𝑧:

𝑧 =
𝑥 − 𝜇

𝜎
2016-09-13 r2 Paul St-Aubin10 / 18



EXAMPLE
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𝜎 = 7 𝑘𝑚/ℎ
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modules/bs/bs704_probability/bs704_probability9.html#probabilitiesofthestandardnormaldistributionz
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CONFIDENCE 
BOUND

When we compute a measure we would like to assign 
a confidence bound to have a certain level of 
confidence of our statistical estimate.

 Lets say we want to ensure our estimate is within 𝛼%. The 
bound is generated as: 

𝐶𝐼𝛼 = 𝜇 − 𝜎𝑍𝛼/2, 𝜇 + 𝜎𝑍𝛼/2

Where 𝑍𝛼/2 = the std. normal value for 
𝛼

2
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EXAMPLE

Let the estimate of mean and standard deviation of 
random speed measurements be 45 and 5 
respectively. What is the interval that will allow us to 
be sure of measurements 95% and 99.7% of the time?

Answer:
 (45 – 1.96*5, 45 +1.96*5) 

 (45 – 3*5, 45 +3*5)
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SAMPLE SIZE

Given the sample size we determined the 𝐶𝐼𝛼 . Now for 
a required 𝐶𝐼𝛼, sample size can be determined.

𝐸𝑟𝑟𝑜𝑟 𝑎𝑙𝑙𝑜𝑤𝑒𝑑 𝑒 = 𝑍𝛼/2
𝜎

𝑁

𝑁 >
𝑍𝛼/2𝜎

𝑒

2
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MULTIVARIATE

Consider a person who travels using walk, bus and 
metro modes.

 The mean and (SD) of travel times are
 5 (1)

 18 (3)

 9 (2)

How do we determine the mean for the overall trip?
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MULTIVARIATE

What we need to do is come up with a new random 
variable which is the sum of these three random 
variables.

 Lets consider 𝑋, and 𝑌 be two random variables with 
means 𝜇𝑥 and 𝜇𝑦, and SD 𝜎𝑥 and 𝜎𝑦

 𝑍 = 𝑎𝑋 + 𝑏𝑌 + 𝐶
 𝑎 and 𝑏 are coefficients of the model which weigh the relative 

impact of each variable on Z

 C is a constant

 Mean of 𝑍 = 𝑎𝜇𝑥 + 𝑏𝜇𝑦

 SD of 𝑍 = 𝑎2𝜎𝑥
2 + 𝑏2𝜎𝑦

2
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That’s all for today!
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