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Observational study
•Individual observations in the sample are studied
•No attempt is made to influence the variables of interest
•Simply observes the data patterns
•Evaluate the relation between explanatory and dependent 

variables

Experimental study
•Treatment is given to certain individuals or subjects
•Analyst attempts to isolate the treatment effect
•Time-consuming, expensive and unethical in traffic safety



Observational study types
•Cross-sectional study
•Cohort study
•Case-control study



Time series data
• Same data observations measured and ordered in time

Cross-sectional data
• Outcome and the exposure are assessed at one point or 

a short period of time

Panel data
• Multi-dimensional data that include repeated 

observations of the same variables over short or long 
periods of time 



 Time is usually considered as an independent 
variable.

 It can be used to develop regression models to 
understand the relationship between traffic 
crashes and influencing factors.

 Structural issues related to internal data, such as 
autocorrelation, seasonality, and stationarity, need 
to be addressed or accounted for.



Autocorrelation
 As time-series data are ordered in time, they often display 

serial dependence. 
 Serial dependence occurs when the occurrence of an 

event is statistically dependent on the same event that 
occurred in the past. 

 In such cases, the random errors in the model are often 
positively correlated over time and each random error is 
more likely to be similar to the previous random error. 



Seasonality
 Exists when affected by seasonal factors such 

as time of day, day of week, or month of year. 
 Data show short-term movements.

Stationarity
Exists when statistical 
properties of time-series data do 
not change over time. 
Data have constant mean and 
variance, and the covariance is 
independent of time.



Autoregressive (AR) model
 Used for modeling univariate time series. 
 A linear regression model where the current observation is 

modeled as a function of one or more lagged values of the 
series. 

Moving Average (MA) model
 The current observation is modeled as a function of 

residual errors of one or more lagged values of the series. 
 For each observation, it is assumed that the residual errors 

are generated from a normal distribution with zero mean 
and constant variance.

ARMA model
 Combination of AR and MA models. 
 Assumes that the time series is stationary.



ARIMA model
 Generalization of an ARMA model. “I” stands for  

integrated.
 Used for non-stationary time series to achieve stationarity.
 Commonly used for analyzing the time series safety data 

and forecasting traffic crashes. 
SARIMA model
 For time series data that exhibit seasonal patterns. “S” 

stands for  seasonal.

 Both ARIMA and SARIMA models require large sample size.
 Not appropriate for highly disaggregated time-series crash 

count data



INAR Poisson and PAR models
 Integer-valued autoregressive Poisson and the Poisson 

autoregressive.
 Overcome the issues related to time-series crash count 

data .
 Difficulties in handling the over-dispersion in crash count 

data . 
NBINGARCH model
 Negative Binomial Integer-valued Generalized 

Autoregressive Conditional Heteroscedastic.
GLARMA model
 Generalized linear autoregressive and moving average.
 Best model to analyze traffic safety data (Quddus, 2016).



Mohammed Quddus, "Time-Series Regression Models for
Analysing Transport Safety Data" In Safe Mobility: Challenges, 
Methodology and Solutions. Published online: 09 Apr 2018; 279-296.



 Outcome and exposure are assessed at one point 
or a short period of time.

 Assumption is that all sites should have similar 
characteristics.

 Inexpensive and can be conducted relatively 
faster.

 Analyses can be conducted on multiple outcomes 
at the same time



Advantages
 More robust predictive model when the year-to-

year variation in the independent variables is 
largely random.

 Contain fewer or no observations with missing 
values.

 Minimizes the problems associated with 
overrepresentation of sites with zero crashes.

 SPFs in the HSM are developed using cross-
sectional data.



Advantages
 Preferred due to the accuracy of AADT in most 

highway safety databases.
 It is common for a segment’s AADT volume to be 

missing for one or more years. 
 Consider the average over the study duration.



 Crashes are aggregated over a long period (e.g., 
annually) due to their rarity in occurrence.

 No two crashes occur at the same point in space.
 Crashes over the length of a highway segment or 

within an influential area of an intersection are 
typically considered.

 Important to consider the temporal and spatial 
components



 Do not normally describe which variable is the 
cause and which one is the effect. 

 This is mainly because data do not include 
information on confounding factors and other 
variables that affect the relationship between 
cause and effect.



 Also called longitudinal data. 
 Multidimensional data that include repeated 

observations of the same variables.
 Time series data and cross-sectional data can be 

thought of as special cases of panel data in one 
dimension only.

 Recommended in cases when the variables are 
observed over time.



 Temporal or serial correlation should be 
considered. 

 Random effects models and those estimated using 
the generalized estimating equations (GEE) should 
be used.



Advantages
 Increase in the number of observations leads to a 

higher degree of freedom and less collinearity.
 Can test whether or not more simplistic 

specifications are appropriate.
 Analyze some specific questions, such as a change 

in the variable effect over time.



Balanced 

•Each member is observed every period
•For n panel members and t periods, the number of 

obs.=n*t.

Unbalanced
•At least one member is not observed every period
•For n panel members and t periods, the number of 

obs.<n*t.





Small Sample Size and Low Sample Mean 
 Large costs are associated with the data collection 

process.
 Cause estimation problems in traditional count 

(crash-frequency) models. 
 Biased estimation of the inverse dispersion 

parameter.
 Unreliable goodness-of-fit statistics.

Lord, D. (2006) Modeling Motor Vehicle Crashes using Poisson-
gamma Models: Examining the Effects of Low Sample Mean Values 
and Small Sample Size on the Estimation of the Fixed Dispersion 
Parameter. Accident Analysis & Prevention, Vol. 38, No. 4, pp. 751-
766
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Underreporting
 Lower severity levels are less likely to be reported.
 A lot of variation in the extent of underreporting

Underreporting rate
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Injury Severity Hauer and 
Hakkert, 1988

Elvik and 
Mysen, 1999

Blincoe et al., 
2002

Serious 20% 30% --
Minor 50% 75% 25%
No-injury 60% 90% 50%



Omitted variable bias 
 Occurs when important explanatory variables are 

not included. 
◦ The amount of bias is a function of the correlation 

strength.
 Results in biased parameter estimates 
◦ Produce erroneous inferences and crash-frequency 

forecasts.
 Cause confounding effect 
◦ Leads to the over- or underestimation of the strength of 

an effect, change the sign of an effect, and may mask 
the actual effect on the dependent variable
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Endogenous variable 
 An explanatory variable whose value is 

determined or influenced by one or more variables 
in the model.

 Example: Placement of ice warning signs 
◦ Carson and Mannering (2001) studied the effectiveness 

of ice warning signs in reducing the frequency of ice-
related crashes.
◦ These signs are more likely to be placed at locations with 

high numbers of ice-related crashes.
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 Crash data include a large amount of zero 
responses.
◦ Excess zero observations are often attributed to how 

data are assembled or formatted on spatial or temporal 
scales. 

 Results in low sample mean
 Directly correlated with the selected spatial and/or 

temporal scales. 
◦ By adjusting the time and spatial scales, the number of 

zero responses observed in the dataset can increase or 
decrease.
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 Finding a balance in aggregation is a critical task 
in data preparation.
◦ The disaggregated data may result in having excessive 

zero observations.
◦ Too much aggregation may result in loss of information, 

although it may make the NB model a better alternative 
(called “aggregation bias” or “ecological fallacy”).
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Recommended conservative criteria for balance:
 When zeros >70%
◦ Aggregate the data only if the change in CV of all 

exploratory variables is less than 10% between 
aggregated and disaggregated datasets.

 When zeros <=70%
◦ Aggregate the data only if the change in CV of all 

exploratory variables is less than 5% between 
aggregated and disaggregated datasets.
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