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Right-turn-against accident occurrence was clearly associated with the volumes of conflicting vehicles. The analysis
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1
PRO-ACTIVE TRAFFIC ENGINEERING SAFETY STUDY
Final Report: Part 2 Right-turn-against Crashes at Traffic Signals
1.0 INTRODUCTION
For almost a decade Victoria's Accident Black Spot Program has been a key element of the
State's traffic engineering safety strategy. As in other countries where this approach has been
used, the Accident Black Spot Program has proven to be a highly cost-effective way of
reducing accidents using generally low cost measures. This study was undertaken to explore
the opportunities to also employ a predictive approach which would operate alongside and
complement the Black Spot Program. The relative emphases given to these potentially
compatible methods of accident reduction and prevention would depend on the economic
worth of each.
The Pro-active Traffic Engineering Safety Study aims to develop methods for applying a proactive approach to the treatment of hazardous road locations, using physical and/or traffic
characteristics to predict the presence of specific forms of hazard at identifiable road
locations. This report presents the fmdings of a study of the right-turn-against crash problem
at traffic signals and recommends signal design and operational guidelines to alleviate this
significant crash problem.
The potential to develop a pro-active approach to the treatment of the problem of right-turnagainst crashes at signalised intersections was identified in an interim report on the Pro-active
Traffic Engineering Safety Study (Howie (1988». It is estimated from the results of mass
accident data analyses carried out by Howie and Oulton (1989) that this type of collision
accounts for over 700 reported casualty crashes in Victoria annually. This represents
approximately 5% of the total number of reported casualty crashes per year which can be
considerably reduced using existing countermeasures.
Fully controlled right-turn phases can provide a practical and cost-effective countermeasure
option. Their main use in the past has been confmed to the treatment of signalised
intersection approaches which have been found, through "accident black spot" type analysis,
to have a high frequency of right-turn-against crashes. The present challenge, therefore, is to
augment past practice by developing a reliable and systematic method for identifying
signalised intersection approaches which are likely to have a serious right-turn-against safety
problem in the future, unless appropriately treated at an early stage.
If this can be achieved at the design stage, the community will avoid the high costs of crashes
which would otherwise need to occur before the problem manifests itself in the form of a high
casualty accident record, and can receive corrective treatment. The community is also saved
the additional costs of having to re-design and remodel an intersection because full account of
the inherent hazards was not taken at the outset. While it is preferable that these important
safety issues are addressed during the design stage, opportunities should also be taken to
identify these hazards at later stages, such as during signal installation and road construction
and/or in the early stages of signalised intersection operation.
In summary, this study examines the sizeable problem of right-turn-against crashes at
intersection signals, with the ultimate aim of developing a method of identifying and treating
approaches which will be particularly hazardous to motorists, and to other road users, if not
treated at an early stage.

2.0 STUDY METHOD
The progress report on this part of the Pro-active Traffic Engineering Safety Study (Howie
and Ambrose, 1989) described the study method and initial results.
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Briefly, the study identified 53 signalised intersections with high frequencies of right-turnagainst crashes, during the period 1982-1986, inclusive. While a random sample of
intersections would enable the results to be more readily generalised, intersections with high
accident frequencies were chosen as a compromise between having enough accidents to fmd
statistically significant effects, if present, and ensuring that a wide range of accident
frequencies were represented in the sample. By disaggregating the intersections in the
analysis into individual intersection approaches, concerns about the sample being biased
towards high accident frequency approaches were reduced.
In fact, the distribution of approaches by crash frequency (Appendix 1) showed that the full
range of crash frequencies was present in the sample, with the largest frequency categories
being located at the low end of the range (ie. zero or one crash only). As mentioned above,
the initial choice of high accident frequency intersections in the sample limits the
"generalisability" of the model. However, this is not regarded as a major shortcoming of the
work, given that the analysis is approach-based and low frequency approaches are also well
represented in the sample.
Futhermore, there are major difficulties in being able to determine the distribution of
accidents for the population of signalised intersections. Among these difficulties are the
concerns that some signalised intersections and, more probably, some approaches to
signalised intersections may not have experienced reported casualty crashes during the fiveyear period under study. This would mean that intersections and/or approaches with zero
frequency will not be listed in the accident data base and therefore will not be part of the
estimate of the distribution. That is, zero frequency approaches will be under-represented in
the estimate of the population distribution to an unknown extent.
An additional difficulty is that not all intersections in the database have adequate data to
determine the specific approach on which the accident occured, further complicating the task
of determining a population distribution.
Given these difficulties, a check for sampling bias was not carried out but, instead, any
necessary adjustments for bias would preferably be made when the model is validated and
calibrated. Validation and calibration should be carried out against a truly random sample of
signalised intersections, chosen from the population, but not previously used in the model
development stage of the study.
Information was collected about selected physical and traffic characteristics on each
intersection approach. These characteristics were chosen because of their potential
association with accident occurrence. For completeness, this information is shown in
Appendix 2 for the 53 intersections in the sample.
Statistical testing was carried out on the data to determine whether the distribution of
approach accident frequencies for each condition of physical and/or traffic characteristics was
statistically different from other conditions. If statistically reliable differences could be
identified for at least some of the variables examined, there would be scope for using the
results to predict situations or combinations of situations which are likely to lead to higher
accident occurrence on a given signalised approach.
Howie and Ambrose (1989) reported the need to take into account two important aspects in
the further analysis. Specifically, they suggested that account should be taken of the type of
right-turn control operating during the period of the accident data analysis and, that exposure
data, in the form of conflicting traffic volumes involved in the respective right-turn
movements, should also be appropriately used in the analysis. To specifically address these
concerns, the following approach was taken.
Firstly, the control history for each intersection approach was examined to identify the form
of right-turn control operating during the study period. As fully controlled right-turn phases
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are known to be an effective countenneasure for right-turn-against crashes, accident data for
the period during which this fonn of control operated were deleted from the analysis. There
remained all approaches in the original sample which had had either partial right-turn control
phases or no right-torn control, together with accident data for approaches during the period
when full control had not existed.
As a result of deleting some years from the five years available (1982-1986) for sites in the
sample, accident frequencies for the remaining years were normalised to derive an equivalent
five year accident frequency. (Variations on this basic method, which were introduced to
better account for the alternative forms of right-turn control type, are described in Section
3.3).
Secondly, all of the available traffic volume data were retrieved from Roads Corporation fIles
for as many intersection approaches as possible, resulting in data being available for a total of
81 approaches remaining in the sample (after adjustments had been made for right-turn
control history, as outlined above). The extent to which bias might exist in this subset of the
data is not known but is expected to be small. From these volume data, an index of exposure
to the risk of a right-turn-against crashes was estimated for inclusion in the analyses.

3.0 RESULTS OF ANALYSIS
Two main types of statistical analysis were carried out. Analysis of Variance was conducted
to find the physical and traffic variables which explained the variance in the dependent
variable, reported five-year casualty accident frequency (EP5), and Regression Analysis for
the purpose of developing casualty crash prediction models. The various statistical analyses
described in this report were carried out using SAS analysis programs (SAS, 1985).

3.1 Analysis of Variance:
Of the physical and traffic variables collected for this study, seven were chosen for detailed
analysis because of their greater perceived probability of being associated with higher
accident risk. The seven variables were:

* number
* number

of opposing through lanes (OTL);
of right-turn lanes (RTL);
* sight distance (SD);
* median width (MW);
* presence of bend in approach opposing right-turner (BEND);
* presence of opposing left turn lane (OLT);
* conflicting traffic volumes (C_VOL);
Analysis of variance was carried out on the data, with right-torn-against casualty accident
frequency (EP5) being the dependent variable and the above seven characteristics, the
independent variables. Clearly, the nature of these variables is such that some are likely to be
correlated with each other.
The three assumptions underlying Analysis of Variance (Ferguson, 1971), namely:

* that the distribution

of the dependent variable in the population from which the
samples are drawn is normal,

* that the variances

in the populations from which the samples are drawn are equal
(homogeneity of variance), and

* that the effects

of various factors on the total variation are additive,
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have been examined and it is considered that any departures from these assumptions would be
insufficient to invalidate inferences drawn from the data.
The data were examined firstly without the inclusion of the conflicting traffic volume
variable, then with its inclusion. Analysing the data without the inclusion of the traffic
volume variable resulted in a larger sample size and therefore an improved likelihood of
fmding statistically significant results (traffic volumes were obtained for only 81 approaches,
whereas there were another 107 approaches without complete traffic volume data).
3.1.1 Analyses without Conflicting Traffic Volume included
The distribution of reported casualty crashes for each independent variable was examined
with respect to the possible values of the independent variable. The following groupings
were considered appropriate from both an inspection of the frequency distributions and from
a consideration of logical and meaningful groupings of the data.

* number of opposing through lanes levell = one or two lanes,
level 2 = three or four lanes;

* number of right-turn lanes level 1 = none, or shared through/right lane,
level 2 = one or two lanes

* sight distance

-

level 1 = <50 metres,
level 2 = >/=50 metres;

* median

width -

level 1 = </=1 metre,
level 2 = >1 metre;

* horizontal

geometry of approach opposing right-turner -

level 1 = left bend as viewed by the right-turner,
level 2 = straight approach or right bend (as viewed by right-turner);
(the underlying assumption being that sight distance to oncoming traffic is restricted
for right-turners in levell while, all other conditions being equal, sight distance is
less restricted under level 2);

* presence

of opposing left-turn lane -

level 1 = no,
level 2 = yes;

* conflicting traffic

volumes (sq rt (12 hour through volume * 12 hour right

turning volume) level
level
level
level

1 = low,
(traffic volume <= 1667)
2 = medium, (1667 < traffic volume <= 3522)
3 = high,
(3522 < traffic volume <= 5378 ) and
4 = very high (traffic volume> 5378);

Interactions between each pair of independent variables were examined using Analysis of
Variance. The results indicated that there was only one significant interaction at the p<0.05
level (refer Appendix 3). This interaction was between sight distance and presence of
opposing left-turn lane. However, in a subsequent analysis which allowed for these
interactions, no significant main effects at the p<O.05 level of significance were found.
The data were then re-analysed, again using Analysis of Variance, by deleting from the
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analysis the variable for which the null hypothesis was least likely to be rejected. This
process was repeated until only those variables for which the null hypothesis could be
rejected at the p<O.05level remained. It was found that Median Width (MW) is the only
variable to show a statistically significant effect.
The variable "horizontal geometry of approach opposing right-turner" was also analysed, this
time on the basis that the following grouping might be associated with greater driver errors in
estimating the distance and speed of vehicles approaching on bends than for straight
approaches:
levell = left and right bends,
level 2 = straight apProaches.
It was again found that Median Width was the only significant variable.
The interpretation of the findings described in Section 3.1.1 is discussed in Section 4.3.

3.1.2 Analyses with Conflicting Traffic Volume included
Analyses of Variance, with the variable Conflicting Traffic Volume included, were now
carried out. Firstly, the examination of interactions between two independent variables at a
time, showed no significant interactions and only one significant main effect, that being the
relationship between casualty accident frequency and C_VOL, the conflicting traffic volume
variable. This relationship was highly significant in explaining the variance in the data (p<
0.(01). The results are shown in Appendix 4, while the possible values of the independent
variables are set out in Appendix 5.
As described in Section 3.1.1, the variable for which the null hypothesis was least likely to be
rejected was progressively eliminated from the analysis, until only those variables showing a
significant effect remained. Only the C_VOL variable showed a significant result under this
procedure (refer Appendix 4).
3.2 Linear Regression Analysis:
In terms of the original aims of the project, ie. developing a set of guidelines for use by traffic
signal designers and operators of the signal system, the results of the Analysis of Variance are
of limited value. For this reason and to examine the potential to use site-specific physical and
traffic characteristics to predict casualty accident frequency, linear regression analyses were
also carried out. This type of method was used with some success by Watt (1987) to predict
accident frequencies in local traffic areas, from a knowledge of demographic variables for the
area.
The general aim of the regression analyses was to construct one or more mathematical
models, containing a practical and logical set of site-specific variables, to predict casualty
accident frequency for a chosen intersection approach. To be successful, the model would
need to not only be an adequate predictor of casualty accident frequency, but also be
convenient for use by practising traffic engineers.
Twenty three independent variables were collected for the same intersection approaches
examined in the analysis of variance described above. The linear model which offered the
best balance between predictive power, a practical number of independent variables and
plausible values of variable coefficients in the model, is specified below. This model
explains almost half of the variance (R-squared = 0.4683) in the dependent variable EP5
(five-year right-turn-against casualty accident frequency) for the sample studied.
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Predicted Five- Year Casualty Accident Frequency (EP5) =
- 7.19 (constant value of intercept)

+ 1.36 * 10-3 * exposure (C_VOL)
+ 9.15 * 10-1 * gradient of opposing approach prior to intersection (GRAD _P)
+ 1.61 * acceptability of turn path (TP)
+ 1.85 * presence of parking/unparking (pARK)
-1.07 * horizontal geometry of opposing approach (BEND)
The possible values that each of the independent variables can take are listed in Appendix 6,
with the output from the SAS analysis in Appendix 7.
A number of other models with similar predictive performance were also developed but each
reduced to the above form if non-significant predictor variables were excluded from the
model. All of the variables are statistically significant at the p<O.05 level with the exception
of the variable PARK, which lies just outside this level (p<O.0723). The retention of this
variable in the model makes a worthwhile contribution to the predictive power of the model,
despite being only marginally significant in explaining the variance in EP5.

3.3 Transformation of the Dependent Variable:
Regression analysis involving the transformation of EP5 were investigated as a means of
stabilising the error variance in the dependent variable. Kempthorne (1952) lists a number of
transformations which have been found to have practical value in the analysis of experimental
data. Assuming a Poisson distribution of the dependent variable, various regression models
using the square root of EP5 were developed.
A major improvement in the predictive power of the regression models occurred under this
transformation. As part of these analyses, the sample was reduced to include only those
approaches which had not had fully controlled right-turn phases installed at any time during
the five year period being studied. This enabled the original crash frequency data to be used
for 51 approaches, without the need for the scaling adjustments described in Section 2.0.
The following model is regarded as the optimum model, considering its value of R-squared
(0.8521), the number and statistical significance of the predictor variables in the model, the
plausibility of each predictor variable contained in the model and the respective coefficients
of the predictor variables.
Square root of{EP5} =
-6.25

* 10-1 * absence

of median obstruction (MO)

-3.34

* 10-1 * number

of right-turn lanes (RTL)

+2.72

*

10-1

* gradient

of opposing approach at the intersection (GRAD_A)

+3.49 * 10-4 * proposed number of days in the coming five year period with no right-turn
phase control (P_Ne)
-3.02

* 10-1 * horizontal

geometry of approach opposing right-turner (BEND)
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+8.58

*

+5.41

* 10-4 * exposure

10-1

* presence

of parking/un parking (pARK)
(C_VOL)

As shown in Appendix 8, C_VOL is highly significant (p<O.OOOl)and dominant in
explaining the variance in EP5 (77%). All other variables in the model are significant
predictors at p<O.05, except for MO and RlL which are only marginally significant (p<O.06
and p<O.07 respectively). These marginally significant variables are, nevertheless,
worthwhile contributors to the model's predictive power.
In an earlier version of a model with this form, the value of the constant term (y-intercept)
was found not to be statistically significant in predicting crash occurrence. For this reason,
and because the most influential predictor of right-turn-against crash occurrence, C_VOL,
would predict zero crashes for a C_VOL value of zero, the constant term was set to zero in
developing the above model. This assumption means that, at least theoretically, the model
better reflects reality, in that when there is no conflicting traffic there will be no accidents.
With this assumption, the remaining terms in the model will, on average, tend to cancel each
other out, thereby predicting a low value of EP5 when C_VOL = O.
The interpretation of the results and the application of the models are discussed in Sections 4
and 5.

4.0 DISCUSSION
Site-specific factors, in the form of road environment and traffic movement characteristics,
influence the inherent level of risk of right-turn-against crashes occurring at a particular
intersection. The extent to which they contribute is related to:
. the presence of certain "risky" physical and/or traffic characteristics affecting safe
gap selection for right-turners (including the propensity of the drivers of through
vehicles to enter the intersection at an unsafe time in the signal cycle), and
. the frequency and duration of exposure of right-turners to those characteristics.
That is, there are two separate components to the overall risk of right-turn-against crashes
occurring on a given approach to an intersection. This study examines factors associated with
both of these components.
The expected number of collisions on a given intersection approach is a function of the gap
selection performance of the right-turner and of the exposure to the relevant vehicle
manoeuvres (ie. the number of times that a right -turn is attempted per unit time). The gap
selection performance is determined largely by the interaction between the driver's
individual abilities and behaviour, and the physical and/or traffic features at the location.
Exposure to right-turn-against conflicts is a function of the traffic volumes, distribution of
turning movements and of the intersection geometry.
Sections 4.1 and 4.2 discuss the relevance of a number of key, site-specific variables to the
risk of right-turn-against crash frequency, serving as a context for the interpretation of results
in Sections 4.3, 4.4 and 4.5.

4.1 Gap selection performance:
Gap selection performance is directly related to the accuracy with which judgements of
distance and speed of approaching vehicles are made by right-turning drivers. The physical
conditions discussed below, which have been examined in this study, are hypothesized as
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being likely to affect a right-turning driver's ability to select safe gaps in the opposing traffic
stream. Results of the analyses described below are indicative of trends only and are not
statistically significant findings.

* restricted

sight distance to opposing through-vehicles, as reflected by SD and/or MO
(median obstruction), would result in less time being available to judge speed of and distance
to opposing vehicles before a decision on gap selection needs to made. The analysis showed
that approaches with sight distance restrictions of <50 metres have higher mean casualty
accident frequencies than approaches with sight distances of >/=50 metres, and that
approaches with median obstructions also have higher mean casualty accident frequencies
than those without median obstructions.

* estimating

speed of and distance to opposing through vehicles approaching along a curved
roadway (BEND) would be less accurate, especially if the approach curves to the left, as seen
by the right-turner, because of the increased limitation on sight distance. It was found that
approaches with opposing through-traffic advancing along left bends, as viewed by the rightturning driver, have higher mean casualty accident frequencies than approaches which are
straight or which bend to the right;

* having to traverse additional opposing through lanes presents a more complex gap selection
task and the greater distance to be traversed means that drivers are being exposed to possible
conflict for a longer duration (OTL). The results show that approaches with three or more
opposing through lanes have higher mean casualty accident frequencies than approaches with
one or two opposing through lanes;
* the presence of more than one exclusive right-turn lane (RTL) restricts sight distance for
vehicles using the inside right-turn lane(s) and tends to require increased attention-sharing
with the gap selection task. It is also likely that one or more exclusive right-turn lanes
correlates with higher traffic volumes making the right-turn, and therefore higher exposure to
site-specific hazards. By way of contrast, right-turning drivers using approaches with shared
right-turn lanes are likely to experience greater pressure to accept smaller gaps in opposing
flows to avoid causing delays to following vehicles. The analysis indicates that approaches
with one or more exclusive right-turn lanes have higher mean casualty accident frequencies
than approaches with either no or a shared right-turn lane, though this is not a statistically
significant finding.

* having to turn across wide medians restricts sight distance and increases the complexity of
the speed/distance judgements needed for safe gap selection (MW). The study shows that
approaches with median widths of greater than one metre have higher mean casualty accident
frequencies than approaches with median widths of less than, or equal to, one metre;
* the gradient of the road for approaching through-vehicles is likely to affect the risk of
collisions (GRAD P and GRAD _A). Vehicles approaching on a downhill gradient would
require greater braking distances in the event of a change in the signal to red or for a conflict
with an opposing right-turner. In contrast, the drivers of through-vehicles approaching on an
uphill gradient may be more inclined to enter the intersection late for a signal which is
changing to red, as there are greater time and cost penalties in returning the vehicle to its
original speed, once the green phase is re-introduced. In addition, gradients in general may
affect driver speed and distance judgements, while uphill gradients in particular, may affect
sight distances between drivers of through and right-turning vehicles and contribute to an
under-estimation of available vehicle acceleration to clear an intersection at the onset of a red
signal. This is especially relevant for the drivers of heavy vehicles. The study found that
higher casualty accident frequencies tend to be associated more with uphill rather than
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downhill opposing approaches, prior to and at the intersections.

* an assessment of the vertical and horizontal geometry of the right-turn movement has been
introduced through the variable TP - acceptability of turn path. TP represents a subjective
assessment of whether the turn path is 'unusually difficult' to execute in terms of shape/radius
of turn, and/or super-elevation. TP would potentially influence the risk of collisions where
low standard geometric arrangements could either act to increase the inherent danger or to
induce lower vehicle speeds and greater caution in drivers. This may in turn lead to fewer
and/or less severe crashes. The net effect is difficult to predict and may well vary from site to
site. The study found that increasing "acceptability" of turn path values are associated with
lower mean of casualty accidents frequencies.
The above results (see Appendix 9), though not statistically significant under Analysis of
Variance, are generally consistent with expectations and may be indicative of the findings
had a larger sample been chosen. It must be remembered that the absence of significant
results means that the null hypothesis cannot be rejected for these variables, but equally, it
cannot be inferred that these variables are not related to higher accident risk - simply that the
data do not prove that they are.

4.2 Exposure to right-turn-against

conflicts:

Another important factor involves the respective volumes of vehicles conflicting for a
particular right-turn. In general, the greater the number of vehicles executing movements on
conflicting paths, the greater are the opportunities for collisions to occur.
The variable C_VOL (sq. rt. (12 hr. right-turn volume * 12 hr. through volume» was chosen
to represent this component of risk. The results of the analysis indicate that mean casualty
accident frequencies increase with increasing levels of C_VOL. This rmding was highly
significant (p<O.OOl).
4.3 Interpretation

of Results of Analysis of Variance:

Only two of the variables examined were found to have a statistically significant relationship
with casualty accident frequency, these being Conflicting Traffic Volume (C_ VOL) and
Median Width (MW). There are a number of possible explanations for these results:
Firstly, the highly significant fmding for C_VOL reflects the influence of exposure, namely,
that the more vehicles there are flowing along conflicting traffic paths, the greater is the
potential for collisions.
Secondly, the finding that, of the remaining variables, only Median Width showed a
significant result (once non-significant variables had been progressively eliminated), might be
explained by one of the following reasons:
(i) there are no genuine effects present for all or some of these non-significant
variables, or;
(ii) any genuine effects that the other variables exert on the accident frequencies are
too weak to be detected, given random variation in accident occurrence and the low
sample sizes for some variable levels, and/or;
(ill) the choices that were made in measuring and categorising physical site
characteristics may have been critical and caused the masking of such effects (eg. the
decision to categorise sight distances into greater or less than 50 metres compared

10

with, say, 80 metres);
(iv) if the situations described in (ii) and (iii) above were the case, the significant
fmding for Median Width might be explained by the fact that Median Width
correlates with most of the other variables in the analysis and, therefore, acts as a
"focus" for these effects, thereby heightening the chances of the combined effect
being detected.

4.4 Interpretation of Results of Linear Regression Models:
The linear regression model outlined in Section 3.2 explains a sizeable proportion (47%) of
the variation in the dependent variable (EP5), five-year casualty accident frequency. This is
the result of examining some 23 physical and/or traffic variables and ultimately using five
independent variables in the "best" linear predictive model.
C_VOL is the most influential variable in predicting the occurrence of right-turn-against
crashes. It explains more of the variance in EP5 (32%) than any other independent variable
examined. C_VOL, however, is only available for less than half of the approaches in the
sample and therefore limits the opportunity for other independent variables to perform as
effective predictors, by limiting the size of the sample.
The sub-sample of approaches for which C_VOL data are available may be a biased group
and might therefore explain why Median Width (MW) was not a significant factor in
explaining the variation in EP5 for this sub-sample.
When interpreting the practical significance of the various model coefficients, it should be
noted that not all of the variables need have a direct and clear theoretical interpretation to be
useful predictor variables. For example, the finding that the presence of parking and
unparking on the approach to a signalised intersection leads to fewer predicted accidents (ie.
on average approximately 1.85 fewer right-turn-against casualty accidents per five years than
when parking is not present) does not necessarily mean that it is the absence of parking and
unparking which, in itself, directly causes accidents. Rather, it may be that the absence of
parking and unparking is a surrogate for higher vehicle approach speeds and possibly higher
through-traffic volumes, which, in turn, may lead to high casualty accident frequencies.
Other significant independent variables in the model are gradient of the opposing approach
prior to the intersection (ORAD _P), acceptability of turn path (TP) and horizontal geometry
of the opposing approach (BEND). As discussed in Section 4.1, while each of these variables
may not have a clear, rational basis for inclusion in the model, they may still prove to be
legitimate and useful predictors of casualty crash frequency.

4.5 Interpretation of Results of Regression Models with a Transformed Dependent
Variable:
The best regression model developed from a transformed dependent variable was described in
Section 3.3. This model is clearly superior to the linear model as it explains 85% of the
variance in the frequency of right- turn-against casualty crashes, compared with only 47% in
the linear case. Its predictive power is much higher and is regarded as satisfactory for its
proposed application.
All of the predictor variables contained in the model have a plausible and logical role to play
in the prediction of crash occurrence. Collectively, they capture a range of physical and
operational features, including exposure, sight distance, horizontal and vertical geometry,
signal phasing type and some aspects of traffic flow.
On the basis of the foregoing, one needs to consider how to gain the greatest utility from the
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best predictive model developed.
The main applications of the model are:

* to predict

five-year right-turn-against casualty accident frequency, for a specific
signalised approach, with a known level of confidence;

* to quantify the contributions individual variables make to the predicted frequency
of right-turn-against casualty crashes, and
* as an aid to decision-making on the application of a crash countermeasure on a
particular intersection approach.
5.0 SIGNAL DESIGN/OPERATION GUIDELINES
This section examines the results of the analysis and the interpretation of the findings with a
view to developing a set of signal design and operational guidelines to prevent right-turnagainst crashes at intersection signals.
The results of the analysis of variance are of limited practical value, given the general lack of
statistically significant variables, other than conflicting traffic volumes (C_VOL) and,
possibly, Median Width (MW). Only the results of the regression analysis are considered to
have potential for practical application at this stage. The model described in Section 3.3 is
proposed for use in the following circumstances.

5.1 Right-turn-against Crash Prediction:
When a new set of intersection signals is designed or an existing set of intersection signals is
to be substantially re-designed, the predictive model could be used to estimate the future
frequency of casualty crashes for each approach, during the coming five-year period.
Associated with the prediction will be confidence limits, related to the standard deviation of
the predicted frequency. H the predicted frequency is less than a predetermined critical value,
then there is no justification, on the basis of the predictive model, to pro-actively apply
countermeasures for right-turn-against crashes. However, if the predicted value equals or
exceeds the predetermined critical level then there exists an objectively-based justification for
the application of a countermeasure(s).
Setting a predetermined critical value is a key step. Current VIe ROADS guidelines for the
use of fully controlled right-turn phases are based on a critical level of three reported rightturn-against accidents (of any severity) in three years. H the predictive model is being used to
decide upon the use of fully controlled right-turn phases, a critical level of five predicted
casualty crashes in five years is considered appropriate, for the following reasons:
(i) given the varlabilty of prediction by the favoured model of the number of right-turnagainst crashes, a stricter requirement than the current level for the introduction of full control
may be appropriate. Five or more casualty crashes in five years offsets the degree of
variability of prediction, while still allowing a more objective basis for predicting future
right-turn-against casualty crash occurrence to be introduced.
(ii) when this criterion (ie. EP5 >/= 5) was applied to the 51 approaches comprising the
sample from which the model was derived, the worst 12% (approximately) of approaches
warranted full control. This outcome is intuitively reasonable, having regard to experience
with the use of current methods for determining the need for full control.
(ill) a preliminary assessment of the economic worth of treating right-turn-against crashes
using proven countermeasures, such as fully controlled right-turn phases, indicates that a
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level of five or more casualty crashes in five years would produce a favourable economic
outcome. For an approach with five casualty crashes in five years, full control could be
expected to reduce these accidents by at least 50% (Nguyen, 1986). This would translate into
average annual accident cost savings of:
$54,000 (average cost of a metropolitan area casualty crash)
accident reduction factor)

* 0.5 (estimated

= $27,000 (per year for the life of the countermeasure).
These savings could typically be achieved at a capital cost of less than, say, $10,000, if no
significant roadworks are required and an additional annual maintenance cost of, say, $1,000
for the addition of a fully controlled right-turn phase on one approach. These assumptions,
together with an assumed project life of ten years and a discount rate of 4%, yield an
estimated Net Present Worth value for the countermeasure of over $200,000.
An alternative estimate of Net Present Worth was also made, differentiating between the
average cost of a right-turn-against casualty accident, and the average cost of a casualty crash
for all accident types. The estimated cost of right-torn-against casualty crashes was derived
from the results of work by Andreassen (1988) and from accident costs developed by Atkins
(1981) and updated by VIC ROADS to 1989 values. Under these assumptions, the estimated
cost of a right-torn-against crash is $57,522 (cf. $54,000 for all casualty accident types in the
Metropolitan area), leading to an estimated Net Present Worth of $233,000 for the installation
of a fully controlled right-torn phase. That is, both methods result in estimated NPW values
for the installation of a fully controlled right-torn phase of well over $200,000. (Note: these
NPW estimates do not include mobility impacts, as a method for the reliable and
comprehensive quantification of mobility impacts is not presently available. The
development of such a method, however, will be included in a study of right-turn signal
phases, about to be undertaken by the Centre).

5.2 Accuracy of Prediction:
The best predictive model developed explains 85% of the variance in the five-year casualty
crash frequency. This result is regarded as a highly successful outcome, given that the model
contains independent variables which explicitly relate to road environment factors only.
Independent variables which take explicit account of road user and/or vehicle characteristics
were not included in the analyses. Random variation in accident occurrence also plays a part
in the level of predictive accuracy attainable.
Given the strong influence exerted by the conflicting traffic volume variable (C_VOL) on
predicted casualty accident frequency and the lack of data on this variable in the study, there
is scope for further enhancement of the predictive power of the model through additional data
collection. A considerable increase in sample size could be readily achieved if further traffic
volume data could be located and included in the data base for analysis.
The models considered thus far have been primarily linear in mathematical form. Non-linear
functional forms and, perhaps time-of-day effects, could be more extensively examined to
assess whether the predictive power of the model can be further improved. The dominant
role played by conflicting traffic volumes (C_VOL) in predicting accident frequency suggests
that further analysis in which the dependent variable, square root of {EP5}, is normalised in
terms of traffic volumes may prove worthwhile. Such analysis may increase the sensitivity of
the resultant model(s) to other predictor variables, not directly associated with C_VOL.
The current best model should be validated on a randomly selected sample of signalised
intersection approaches, not fonning part of the sample from which the model was developed,
but for which reported casualty crash data are available for comparison with corresponding
predicted values. The results of this work would then form the basis for fmalising a set of
decision-making guidelines for pro-active countermeasure application to the right-turn-
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against crash problem at signalised intersections.

5.3 Right-torn-against Crash Countermeasures:
Countermeasures may be examined in two forms. Firstly, there are countermeasures which
will address the individual components of the predicted crash frequency. For example, by
examining the respective components of the prediction model, the contribution(s) which
account for the largest component of the predicted accident frequency can be identified. By
considering design or operational means of reducing the individual contribution, it may be
possible to lower the predicted accident frequency to an acceptable level.
The predictive model developed in this study offers limited practical scope for this approach
to be cost-effectively applied. The model does, however, have as an integral feature of its
structure, the opportunity to vary a key signal design parameter, namely, the proposed time
that the approach will spend during the coming five year period without a partial right-turn
phase, and to then predict the effect of introducing partial right-turn phasing on future crash
occurrence by reducing the value of P_NC.
Secondly, the application of a proven countermeasure, such as the installation of fully
controlled right-turn phases or split turn phases, offers the most reliable solution. The choice
between these two phasing alternatives should be assessed primarily on the basis of
operational and cost considerations relating to the particular site.

5.4 Decision-making Guidelines for Countermeasure Application
The real measure of a model's worth lies in how often it results in the correct decision being
taken on countermeasure application, rather than how accurately it predicts future crash
frequencies (a measure of which is indicated by the R-squared value of 0.85). The model's
performance, as an aid to decision-making, also needs to be compared with the currently
available decision-making methods to determine whether it produces correct countermeasure
decisions more often.
A recent paper by Cameron (1989) discusses a procedure for selecting the appropriate
confidence limits (level of proof) in deciding whether to apply a countermeasure, by
considering the benefits and costs of making a correct decision or an incorrect decision. The
concept proposed by Cameron is directly relevant to this project and offers an opportunity to
quantify the model's potential worth as an aid to deciding on countermeasure application for
right-turn-against casualty crashes.
A valuable bi-product of the study has been the identification of approaches within the
sample of 188 which had had five or more reported right-turn-against casualty crashes during
the five-year period from 1982-1986, but did not have fully controlled right-turn phases
installed. It is recommended that VIC ROADS investigate these intersection approaches to
determine whether the problem still exists and, if so, what measures are needed. It should be
noted that some of these approaches may have received corrective treatment since the end of
1986, the final year of the period studied. Approaches with five or more crashes of this type
are shown in bold in Appendix 2.
6.0 CONCLUSIONS
This study of right-turn-against crashes at traffic signals has developed a pro-active technique
for the identification and treatment of hazardous signalised intersection approaches. The
technique is regarded as potentially very valuable, though validation of the model is still
required.
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To be of practical value to signal designers and signal system operators a simple and reliable
set of guidelines is needed to assist with the selection of right-turn control type. Such a set of
guidelines is described in Section 5.
Additional work should be carried out, as an extension to the present project, to validate the
model and to assess its ability as a decision-making aid. This latter work would require the
inclusion of quantified information on the safety and mobility impacts of the potential
countermeasures, namely, alternative right-turn control types. Reliable estimates of mobility
impacts are not presently available but will be sought as part of a study for VIe ROADS.
In the interim, it is recommended that the predictive model (based on the square root of the
frequency of right -turn-against casualty accidents) be used, as described in Section 5.1, in
conjunction with a critical value of five or more casualty accidents of this type in five years,
to identify which approaches at signalised intersections justify pro-active countermeasure
application.
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Appendices:

Appendix 1:

Frequency of right-turn-against accidents in 5 year period
(1982-1986, inclusive) for individual approaches at signalised
intersections.

Appendix 2:

List of intersection approaches used in the analysis.

Appendix 3:

Analysis of Variance to fmd the interaction between the independent
Variables.

Appendix 4:

Analysis of Variance with Conflicting Traffic Volume included.

Appendix 5:

Independent variables and their possible values used in Analysis of
Variance.

Appendix 6:

Independent variables and their possible values used in Regression
Analysis.

Appendix 7:

Linear regression model.

Appendix 8:

Regression model with a transformed dependent variable.

Appendix 9:

Frequency tables for some important independent variables.

