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ABSTRACT

Speeding continued to be of alarming concern for many countries. This paper aims to focus on high-
lighting speeders characteristics on 40 km/h on a busy urban road with high pedestrian movement. This
case study utilised the ordinal logistic regression model to test four predictors. Three of which were
age and gender of the driver and the time of day drivers were detected speeding. Whereas the fourth
explanatory variable is the ‘period’ of the installation of the signs, which tests the usefulness of elec-
tronic signs. The study found that the driver’s age contributes slightly to risky speeding behaviours, and
older drivers speed less. Time of the day was found to be significant in the model, with a higher number
of TINs being recorded in the afternoon than in the morning. Although gender was not found to be a
significant predictor, it was shown to produce results similar to speeding data recorded in Perth roads
with males speeding slightly more than females. This difference was more pronounced when higher
speeding levels were compared. The period variable in the model relating to the installation of the signs
was significant, with drivers slowing down after the installation of the flashing 40 km/h electronic signs
compared with before the installations This may prove the usefulness of such signs in reducing speed-
ing behaviour. Hence, reducing harm by reducing frequency and severity of crashes.

Keywords: Multinomial logistic regression, ordinal logistic regression, speeding.

1 INTRODUCTION

Speeding is a leading cause of fatalities on WA roads. According to the office of road safety
in WA, 40-45% of drivers regularly drive above the posted speed limit. Search found that the
speeding factor is of concern worldwide, a report by Moran [1] said that there is evidence to
suggest that both cyclists and pedestrians are far less likely to be killed for every 10 km/h
reduction below 60 km/h, In addition, the risk of an injury crash doubles with every 5 km/h
increase in speed above the speed limit in a 60 km/h zone [2]. Reduction in the vehicle speeds
would minimise significantly vehicle—pedestrian conflicts in areas of pedestrian presence and
activity [3].

Importantly, literature found that there is a link between travelling speed and crashes par-
ticularly for KSI (Killed or Seriously Injuries) [4, 5]. Most recent data show that there is a far
bigger problem in Perth, involving thousands of drivers who took frequent low-level speed-
ing [6]. All the above indicate a relation between speed limit and travelling speed from one
side and safety of road users on the other.

The road under study had a posted speed of 60 km/h limit and road authorities decided a
trial to install 40 km/h electronic speed signs along that road. Main roads authority of WA
selected this road under study as it has higher pedestrian crashes than any other road in the
metropolitan area.

The signs on this road displayed a speed limit of 40 km/h from 7.30 am till 10.00 pm
(except on Friday and Saturday, when the time was extended till 1:00 am instead of 10:00 pm).
The same signs displayed a speed limit of 60 km/h outside the abovementioned times.

This case study is using speeding data in a road known as road B to determine the improve-
ment in terms of less speeding after the installation of the electronic signs. Earlier in [7], the
examination involved the comparison of road B to another road known as road A in terms of
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Figure 1: Comparison of road crashes between roads A and B.

road crash data. It was found that road B has witnessed a downward trend in crashes after the
installation of the electronic signs, compared with crashes in road A after the installation of
the 40 km/h standard signs with standard road markings (see Fig. 1).

Despite this downwards trend in road crashes, concerns were raised due to the high number
of speeding fines, the most severe increase came in the number of speeding motorists in
40 km/h zone. There were 96 drivers caught daily in the 40 km/h zone compared with 83 in
the previous year [8]. If drivers’ speeding behaviours continued to a similar level in that zone,
it will have an increase by 4745 speeding fines annually in that stretch of roads if used the
same enforcement intensity.

This case study is utilising speeding driver’s data. It contains four explanatory variables,
age, gender, time being detected speeding and the speeding frequency periods before and
after the installation of electronic signs. Literature revealed that gender was a prominent
explanatory variable in some studies [9-11] and in older female drivers was attributed to
causes such as poor attention, cognition and other age-related reasons.

In terms of time of day effect, Lenny et al. [12] found that there was an impairment in
driving performance in the early afternoon that are similar magnitude to those occurring
in the early and late evening. By contrast, a study of industrial crashes in Queensland
Australia found that more injuries occur in the morning in Australia than in the afternoon
on every working day of the week [13]. In Spain, Camino Lépeza et al. [14] concluded
that most accidents in construction industry were more towards the afternoon periods
attributing it to the “lunch effect”; the study added that these accidents occurred in the
hours around the lunch break (from 13:00 to 17:00) and are of greater severity and
involve more fatalities than those that occur at other times of day. Other dimension added
by Banwell et al. [15] in Australia in a survey of the construction workers reported that
construction industry involves the consumption of alcohol, which may explain the after-
noon accidents involvements.

This current study has included morning and afternoon time to be included as explanatory
variable in the model. The paper will focus purely on speeding data rather than crashes.

2 DATA
The speeding data were collected from the WA Police research unit and it contain data for
Perth metropolitan city. These TINs issued for speeding over 40 km/h roads in five speed-
ing levels. It is detected for the period July 2007-June 2011. This study classified the
speeding categories into four levels (low, medium, high and extreme). These speed limits
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Table 1: Speeding levels and outcome.

km above speed limit Speeding level Speeding outcome
<9 Low Low*

10—19 Intermediate Moderately

20-29 High Highly

30 km and more Extreme Excessively

*Reference category.

were based on the office of road safety of WA. There were originally five levels as
follows:

Not more than 9 km/h.

More than 9 km/h but not more than 19 km/h.
More than 19 km/h but not more than 29 km/h.
More than 29 km/h but not more than 40 km/h.
More than 40 km/h.

It was decided to join the two highest speeding levels into one category, as shown in
Table 1, based on the premise that any speed greater than 30 km/h over the speed limit is
considered an extremely unsafe speed. Therefore, the speeding categories were modified into
four speeding levels (low, medium, high and extreme).

The case study will apply OLR (ordinal logistic regression) to speeding levels as a
dependent variable, and four other explanatory variables, being age, gender, time detected
speeding and the frequency of speeding periods before and after the installation of electronic
signs. The data for this fourth variable consisted of 2077 TINs (Traffic Infringement Notices)
in total; the before data consisted of only 602 TINs (before 4 August 2009, which is consid-
ered to be the date of installation of the electronic signs). This compares with 1475 TINs after
the installation, until from 30 June 2011. These data are what was available from the author-
ities. The next section will discuss the selection of the statistical model.

3 METHODOLOGY

The study will deal with three discrete outcomes as the forth outcome the low speeding level
will be used as a baseline (reference) level. The speeding outcome will be shown as described
in Table 1. The study aims to test the odds probability of the dependent variable speeding
level occurring as the values of the IVs change. In other words, the objective is to find out the
magnitude of speeding levels due to high speeding levels. This comes from the well-known
concerns in the transportation literature about speeding above the limit, which could result in
serious and more severe crashes.

Thus, the Y event is very unlikely to occur if f(Y) is close to 0 and that it will be unlikely
that the driver will engage in higher speeding behaviour. On the contrary, it is very likely to
occur if f(Y) is close to the value of 1.

The study adopting low level speeding 0-9 km above posted speed limits as a reference
category compared with other three higher speeding levels. The study attempted initially to
examine data fitting to suitable model to fit the data. The first method was OLR and the sec-
ond was multivariate logistic regression (MLR). Following a comparison of the two methods,
it was decided to adopt OLR, for two reasons. First, the dependent variable mentioned above
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Table 2: Comparison of the OLR and MLR models.

Values P Remarks

Model fitting
details OLR MLR OLR MLR

-2 LL (x?) 172.56 236.48 0.001 0.001 The change is significant and explains
the decrease in unexplained variance,
and it is considered a good improve-
ment to the model

Goodness of fit The predicted values are not significant
Pearson 1241 1268 0.39 0.14  and not different from the observed,
Deviance 979 917 1.00  1.00 thus the fit of the model is good. The

Pearson p value for the ordinal model
is higher, producing a better fit

Pseudo R? Fairly similar values but MLR values are
Cox and Snell  0.08 0.11 - - slightly higher. Still OLR representing a
Nagelkerke 0.10 0.13 - - good size effect according to and it is a
McFadden 0.05 0.06 - supplementary test [16—18]

(the speeding level) is ordinal in nature. Secondly, upon comparison of the fitting information
for the two models (see Table 2), it was found that the Pearson’s P value for the ordinal model
might produce a better fit. It is important to mention that this comparison was undertaken,
because the MLR model did give a good competing fitting information in comparison with
the ordinal model when the data were tested.

The explanatory variables are age, as a continuous variable, and time of the day, gender
and the period of the electronic sign installation as categorical variables. The dependent var-
iable is the four speeding levels above the 40 km/h speed limit (<9, 10-19, 20-29 and 30 km/h
and more).

The study attempted initially to examine data fitting to suitable methods to fit the data
according to the above available data. Following the comparison of the two methods, it was
decided to adopt OLR, for two reasons. First, the nature of the dependent variable which is
here taken as the speeding levels is of an ordinal nature. Secondly, upon comparison of the
two models fitting information it was found that the Pearson p value of the ordinal model
might produce a better fit (see Table 2).

The study dealt with three discrete outcomes as the low speeding levels will be used as a
baseline (reference) level. The speeding outcomes will be discussed based on the OLR fitting
information. The study aims to test the probability of the dependent variable speeding level
occurring as the values of the independent variable change. In other words, the objective is to
find out the magnitude of high speeding levels. This comes from the common concerns in the
transportation literature about drivers exceeding the speed limit, with the potential for more
severe crashes.

Logistic regression is valued as an important analysis tool to roads safety studies. It is a
source of attraction for researchers in targeting the effect to dependent variables on a binary
dichotomous outcome or multi-level outcome. For example, researchers in [19] found that in
terms of speed and speeding concerns, higher speed limits were contributing to higher risk
levels in China. Whereas [20] in Saudi Arabia and using odds ratio concept as an estimate of
the logit, found that speed as a cause of accident factors were significantly associated with
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accident severity. According to a study by Cameron et al. [21] in Australia and using logistic
regressions found that there was no interaction between the effect of TINs and speed-related
publicity awareness on the frequency of casualty crashes. It further found that the increased
level of speed camera ticketing was associated monotonically with road crash reduction.

4 THE MODEL
To build the model, it is essential to construct the model to get a logit score Y, and then further
check the predicted probabilities and scatter them against the Pearson residuals that the model
produces [22]. The logit function is given by eqn (1) which is derived from different predictors
multiplied by their corresponding regression coefficients, where Y is calculated as follows:

Y=B,+B,X+B,X,+B,;X;+..+B X, (D

where [3 is the intercept of Y value and when all the predicting variables X L X X5 .. X are
equal to zero. The variable Y (logit) is a measure of the sum of the input of all the independent
predictor variables used in the model. The variable Y is defined as

(Y) Speeding = 3+ B, *Age + +B,*Gender + 3,*Time + ,*Period +...+ B X, ()

where speeding is the four levels as shown in Table 1, age is the recorded age of speeding
driver (continuous variable), gender is the gender of speeding driver (categorical variable,
female = 0 and, male = 1), timeis the time of day speeding detected (categorical variable,
morning (6.00-11.59 am) = 0, afternoon (12.00-19.00 pm) = 1) and period is the frequency
of speeding period before and after the installation of the electronic signs (categorical varia-
ble, before installation = 0, after installation = 1).

Then, it is appropriate to calculate the probabilities of that logit, by using eqn (3).

PY)=f(¥)=

l+e™” )

where f(Y) is the probability of speeding occurring represented by Y and e is the base of the
natural logarithm. For several predictors, the equation would become

1
PY)=f¥)= | 1o At AKFBXARX A S, @

Substituting Y of eqn (2) into (4), with all predictors, the final probability calculated will
become

1
f(Y) = 1+ ef(/f,,Jr/f‘:“Agc+//3*gcndcr+//3*Iimc+//4*pcri0d) (5)

Speeding data will therefore be calculated through OLR using speeding levels and their
corresponding probabilities. In this study, SPSS software package has been utilised to calcu-
late variables and parameters of the model [23].

5 THE RESULTS
Two main evaluation steps are discussed. First, the crucial fitting information that determines
the model’s good fit which was discussed and, secondly, the parameter estimates testing the
coefficients and the odds ratios of the model. Table 2 discusses the log-likelihood, goodness
of fit and pseudo R2. It can be noted that all details are encroaching, showing a good fitting
model if the explanatory variables are used.



Z. Ebrahim & H. Nikraz, Int. J. of Safety and Security Eng., Vol. 4, No. 4 (2014) 311

Table 3: Model parameter estimates.

95 CI limits

Predictors 3 (SE) Wald 2 Lower Upper Exp(B) P-value
Age -0.01 (0.03) 12.36 -0.019 —-0.005 1.00 0.001
Time=0 -0.70(0.10) 47.34 -0.90 -0.50 0.50 0.001
Time=1 0.0

Gender=0 -0.02 (0.10) 0.04 -0.21 0.17 0.84 0.84
Gender=1 0.0

Period=0 0.91 (0.11) 67.31 0.69 1.12 2.48 0.001
Period=1 0.0

Furthermore, in this section and as shown in Table 3, particular attention needs to be paid
to the odds ratios Exp(B) for interpretation of the model values and the decrease and increase
of the predictor’s effect on speed outcome. The value of Y calculated from eqn (2) is equal to
the value of B when all other independent variables are equal to 0. The coefficient is either a
positive or a negative one, indicating an increase or a decrease in the probability, respectively.
Similarly, if the coefficient is high or low, it means that the risk due to speeding strongly or
weakly affects the outcome, respectively [24]. The parameter estimates are as follows:

Age: The coefficient for speeders in terms of age is found to be 0.01 and the odds ratio is
>1. Thus, if the speeder’s age is increased by one unit (year), the likelihood of a driver
speeding decreases by 0.02 units. Older drivers are slightly less likely to speed.

Time of the day: The coefficients for time of detection, where O = morning and 1 = after-
noon appear to be significant predictors. The coefficient is 0.70 and the odds ratio <1.
Hence, drivers are more likely to speed in the afternoon than in the morning.

Gender: Despite the fact that the coefficient of a person’s gender (female = 0, male = 1)
does not significantly predict the speeding of drivers. It is still important to highlight
and discuss this explanatory variable, since gender is frequently related to speeding in
the literature. It was found that the coefficient was 0.02 and the odds ratio was <lI.
Thus, male drivers are slightly more prone to speeding than female drivers. This also
supported by the data displayed in Fig. 2.

Period: This variable is of high importance to this study since it determines the usefulness
of the flashing electronic 40 km/h sign in reducing speeding. The coefficients for peri-
ods (before = 0 and after =1) are 0.91 and the odds ratios >1. This shows that drivers
were speeding more before the installation of the signs than afterwards.

6 DISCUSSIONS
Three of the four explanatory variables were found to be significant, with the exception of
gender. Despite this, gender is still discussed due to its importance as a variable in speeding
and safety on the road. It was found that the age of the driver contributed slightly to speeding.
Older drivers were slightly less likely to drive faster than the speed limit compared with
younger drivers. It is important to mention that time of the day was found to be significant in
the model. Drivers were more prone to being detected speeding during the afternoon than in
the morning. When road crash data for the years 2007-2011 was analysed, it was found to be
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consistent with the above model findings. The analysis showed that only 33% of pedestrian
crashes occurred in the morning period (6:00-11:59 am), compared with 67% in the after-
noon period (12:01-5:59 pm). By comparison, 25% of all other crash types occurred in the
morning compared with 75% in the afternoon. Therefore, time of day may reveal more infor-
mation about why drivers speed and how this behaviour may be better monitored, detected
and deterred. This may include the development of a strategy for the crucial afternoon hours,
such as increasing enforcement at that time of day, at specific locations.The time period and
its risk factors to protect vulnerable road users such as the pedestrians was discussed in [25]
and also in [26] involving busy shopping strips such the strip under study with high pedes-
trian activities. In terms of gender, it was found that male drivers were slightly more prone to
speeding than female drivers. As can be seen in Fig. 2, the study found that male drivers speed
more than female drivers on 40 km/h roads in Perth. The figure also shows that males speed
more for each speed level, except for the lowest speed above the limit, for which males and
females seem to speed equally.

The variable relating to the period before and after installation of the signs is also signifi-
cant. Drivers were found to have slowed down after the installation of the flashing electronic
40 km/h signs. This has recently been supported by Ebrahim and Nikraz [7] who found that
the incidence of crashes decreased after the installation of the 40 km/h electronic speed signs.
The signs are therefore contributing to sustainable safe speeds.

7 CONCLUSION
To conclude, this case study utilised the OLR model to test four predictors, three of which
were age, gender of the driver and the time of day the driver was detected speeding. These are
explanatory predictors, whereas the fourth one which is the ‘period’ tested the usefulness of
electronic signs and complemented the other three predictors.
The study found that:

e The driver’s age contributes slightly to risky speeding behaviours, and older drivers speed
less.

e Time of the day was found to be significant in the model, with a higher number of TINs
being recorded in the afternoon than in the morning.

16000
14000 -
12000 -
10000 Female
8000
6000
4000
2000

TINs

Male

<9k 10k -19k 20k-30k >30k
Speeding Levels

Figure 2: TINs issued for speeding over 40 km/h roads in Perth, by gender at four speeding
levels, July 2007—June 2011.
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e Although gender was not found to be a significant predictor, it was shown to be produce
results similar to those for speeding behaviour with males speeding slightly more than
females. This was more pronounced with higher speeding levels.

e The period variable in the model relating to the installation of the signs was significant,
with drivers slowing down after the installation of the flashing electronic 40 km/h signs.
This proves the usefulness of such signs in reducing speeding.

There are certain limitations of the model and are worth mentioning such as the period of
the study needs to be expanded in order to obtain reliable data. Also, the before/after data in
particular needs to be unified on the basis of the same number of hours. Importantly, the
length of the time a driver has been licensed. In other words, the amount of experience they
have had of driving. Finally, extra information on driver history and repeat offending needs
to be included among the variables.
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