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Why Collision Prediction Modelling

Fridstrom et al. (1995) state that it is impossible to predict 
collisions (where, when, and by whom a collision occurred)because  
in nature collisions are random.  

 Proactive rather than reactive [Safe System Approach]

Who, What, Where, When 
and Why

Source: FRIDSTRØM, L., IFVER, J., INGEBRIGTSEN, S., KULMALA, R. & THOMSEN, L. K. 1995. Measuring the contribution of randomness, exposure, weather, and 
daylight to the variation in road accident counts. Accident Analysis & Prevention, 27, 1-20.



Smarter. Simpler. Better.

| 5

History of Collision Prediction

 Linear Regression

Yi = β0+ β1 X1i +ɛi

Collision data is a variable that is “sporadic, discrete, and non-negative”, and the 
data distribution is more similar to a Poisson distribution

Linear 
constituent

Source: https://www.allaboutcircuits.com/technical-articles/normal-distribution-understanding-
histograms-probability/
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 Poisson Regression

o Variance equal to mean for incident data

 Negative Binomial (NB) Distribution, zero inflated NB, Gamma NB, etc..

o Variance is either greater or less than mean for incident data 

Continued

Source: Kamla J. 2016. Analysing Truck Position Data to Study Roundabout Accident Risk. 
PhD Thesis, University of Nottingham. 
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What I often see

Source: Kamla J. 2016. Analysing Truck Position Data to Study 
Roundabout Accident Risk. PhD Thesis, University of Nottingham. 

A Figure showing 
linear relationship 

between e.g., 
number of 

vehicles using 
emergency 

services vs AADT 

• or Visibility at 
junction's vs 
collision data

• or Accident vs 
AADT , etc..
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What could go wrong

 Application of linear regression to 
model count data (incidents) in the 
transport- related phenomenon is 
not appropriate. 

 Count data is non-negative and 
linear regression can predict values 
with negative outcome

 On the left is an example where Y 
has a negative value 

 We cant have negative 
collision numbers

Source: Elise N. Harb, 2005, CHARACTERISTICS OF ACCOMMODATIVE BEHAVIOR DURING SUSTAINED PERIODS OF NEAR WORK IN HUMANS AND PRIMATES, MSc 
thesis, The New England College of Optometry.
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Continued 

Example: 
where Q is flow and A is 
accident

We cannot have a model 
with just geometric variables 
and another model with just 
traffic variables (although 
there are people that do 
this, it is not correct 
because you can easily 
show that parameter 
estimates will be biased 
making any conclusions 
incorrect)

Source: Kamla J. 2016. Analysing Truck Position Data to Study Roundabout Accident Risk. PhD Thesis, University of 
Nottingham. 
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Literature NB Regression

“Maycock and Hall (1984), Hauer et al. (1988), Brude and Larsson (1993), Bonneson and 
McCoy (1993), Miaou (1994), Shankar et al. (1995), Poch and Mannering (1996), Milton 
and Mannering (1998), Karlaftis and Tarko (1998), Carson and Mannering (2001), Miaou 
and Lord (2003), Lord et al. (2005), El-Basyouny and Syed (2006), Lord (2006), Kim and 
Washington (2006), Lord and Mahlawat (2009), Malyshkina and Mannering (2010), 
Daniels et al. (2010), Cafiso et al. (2010), Geedipally and Lord (2010), Lao et al. (2011), 
Geedipally and Lord (2011), Lord and Kuo (2012), Meng and Qu (2012), Ye et al. (2013), 
Aryuyuen and Bodhisuwan (2013), Qin et al. (2013), Vangala et al. (2015), Rahman 
Shaon and Qin (2016), Naznin et al. (2016), Qin et al. (2016)”

Source: Lord D, Qin X, Greedipally R.S 2021. Highway Safety Analytics and Modelling, Elsevier. ISBN: 978-0-12-
816818-9.
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Case study
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Modern 
truck CAN 

bus 
collects 
and can 
transmit 
multiple 
sensor 
data via 

cell-phone 
network to 

fleet      
managers
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 Selected 70 roundabouts 
(284 approaches) 

 Selected Harsh Braking 
Incidents (HBIs) and 
Collisions within a 350m 
radius from the center of 
the roundabouts

 Used Random Parameter 
Negative Binomial Model

Introduction
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Method

Both random- and fixed-parameters NB approach

used to predict HBIs, and collisions

Random parameters used to account for

 unobserved heterogeneity 
 i.e. independent variables that may change across the road segment or

intersections including roundabouts

Marginal effects were computed
 to give the change in the number of collisions given a unit change in any

independent variable



Smarter. Simpler. Better.

| 15

Linear Regression Vs Negative Binomial

Linear Regression model

*** At 99% significance level.

Using Random Parameter Negative 
Binomial model:

Traffic variables was found to have 
significant positive influence on the 
number of e.g. harsh braking incidents 
similar results identified for collision data 
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Some Results

Variables that found to 
have positive influence on 
incidents:

• AADT
• % of HGVs
• Partially signalised 

roundabouts compared to 
signalised and un-signalised

• Inscribed circle diameter
• Entry width
• Two-lane approaches 

compared to three lane 

Variables that 
found to have 

negative influence 
on incidents:

Circulatory 
roadway width

Three-arm 
roundabouts 

compared to six
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Statistical Measurements

Source: Google
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Regression Coefficient  R-squared test (R2)

Conclusions 
can’t be 
made based 
on low R2
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How to compare before and after studies?

Source: Google
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Answer

• You may have seen or have been trained 

to use chi-square test 

• A chi-square test is used to help 
determine if observed results are in line 
with expected results .. usually useful for 
survey or questionary data (categorical 
variables).

• For before and after engineering studies 
after applying treatment measures best to 
use

Paired T-test to identify if results 
are different from each other

This can be easily identified in Excel 

Source: https://bicycledutch.wordpress.com/2014/09/11/utrecht-straightens-out-
a-cycle-route/
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Outliers: how to test it

“Cook's distance is a measure of the 
change in the regression coefficients that 
would occur if this case was omitted, thus 
revealing which cases are most influential 
in affecting the regression equation” 
(Stevens, 1984, p.109).”

As a rule of thumb if the Cook's 
distance of the associated value 
exceeds the cut-off value of (4/number 
of observations) then it is considered 
too influential (Nieuwenhuis et al., 
(2012), Van Der Meer et al. (2010), 
Belsley et al. (1980)).
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Conclusions

Linear regression not suitable for count data 
(incident/collision) 

Poisson only suitable if mean and variance of count data 
(incident/collision) are equals

Negative binomial used when variance is not equal to mean 

Low R2 not an indication of no relationship 

Paired T-test for before and after studies

Outliers should be tested using proper statistical methods 
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Extra Source

Mannering, F., Bhat, C., 
2014. Analytic methods in 
accident research: 
Methodological frontier and 
future directions. Analytic 
Methods in Accident 
Research 1, 1-22

Which will get you up-to-
date on the latest statistical 
approaches.
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Thanks for your attention

jwan.kamla@jacobs.com


