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Abstract 

Road surface condition is widely accepted as one of the most 

important factors that affect the safety of a land transport 

system. Although various researchers examined different 

types of surface condition, only a few focused on how road 

roughness, particularly quantified by International Roughness 

Index (IRI), can contribute to the occurrences of Road Traffic 

Accidents (RTA). Previous studies have found no consistent 

correlation and trend between both variables due to different 

regression techniques adopted, and the inclusion and 

exclusion of different contributory factors. This paper 

presents an analysis of the influence of IRI and various types 

of road properties on the observed number of accidents (μ-

value) using a statistical regression analysis. The study road, 

where the accident and road properties were examined, was a 

high-traffic volume and high-speed highway section in Brunei 

Darussalam. The outcome of the analysis has indicated that 

the IRI values have a weak correlation to the observed 

number of accidents given that other explanatory variables are 

included into the regression. Limitations of the statistical 

regression acquired are discussed and recommendations to 

refine the selected variables and analysis methods are 

provided.  

1 Introduction 

The level of road safety is reflected by the frequency and 

severity of Road Traffic Accidents (RTA), and they may 

subsequently be applied to evaluate the risk which traffic 

users are exposed to. Statistically, in Brunei Darussalam, 

there was a slight increase of 0.9% between 2015 and 2016 

with a total of 3,345 and 3,375 accident cases reported in 

2015 and 2016 respectively [1]. The fatality rate has shown a 

declining trend in the long-term and is less significant when 

compared countries such as Malaysia and USA [2]. However, 

due to its small population and heavy reliance on private 

transport [3], RTA remains an important concern. Various 

initiatives are continually being made to improve the 

understanding of the causes of RTA, and thus to achieve a 

safer road system. Generally, road pavement deteriorates 

during its service life due to the continuous combined loading 

from road traffic and other unfavourable environmental 

conditions. The deterioration of road pavement would lead to 

an increase in pavement roughness that affects ride quality, 

and eventually may result in the occurrences of RTA [4]. 

Hence, the performance of road pavement, including road 

roughness, has a significant impact on road safety. If the 

influence of road surface roughness on RTA is to be 

confirmed and quantified, one approach is to analyse 

statistically the relationship between these two set of 

variables. 

Several previous studies have shown that there is a 

relationship between these variables. Along the road network 

of USA, multiple research studies have suggested that the 

extreme values of IRI (in mm/km) have resulted in a 

significantly higher crash rate [5]. A similar result was 

reported from a case study in Victoria, where a clear increase 

in road crashes in segments with roughness value beyond 150 

counts/km was found [6].  With the inclusion of speed as a 

contributory factor, as investigated by [7] in Southern 

Queensland, a positive relationship was concluded stating that 

roughness affected the speed, which consequently impacted 

on road safety. These outcomes, however, contradicted 

another study in the State of Victoria which found either 

uncorrelated or showed small enough correlations to 

disregard possible interactions among the variables [6]. In 

summary, it is still difficult to determine accurately how road 

roughness influence road safety.   

This research paper analyses statistically how road roughness, 

expressed as International Roughness Index (IRI), and other 

engineering properties of the study road have influenced the 

observed number of accidents (μ-value). This was achieved 

by analysing historical RTA along the study road, which is a 

high traffic volume and high-speed road section, using the 

ESRI ArcGIS software. The objectives are to: (1) assess the 

key variables for the analysis; (2) develop an empirical 

regression model to assess the dependent changes of the μ-

value on the changes of the selected variables; and (3) draw 

preliminary conclusions on the correlation between road 

roughness and the μ-value.  

2 Methodology  

2.1. Digitisation of data 

All RTA that were reported in Brunei Darussalam would 

typically contain information such as crash type, time, and 

weather during the accident, along with other related details. 

However, road surface condition, particularly road roughness, 

would not be included. One particular highway, Lebuhraya 

Muara-Tutong, was previously found to have the highest 

RTA cases reported per year and has been selected as a case 
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study for this paper. This road is a major highway that 

connects the Brunei-Muara District in the West to the Tutong 

District in the East. It has a high traffic volume with a posted 

speed limit of 100 km/h. By using a road surface profiler, the 

IRI data (expressed in m/km) for every 100-m intervals in 

2012 were previously collected and will be used for analysis. 

This research study also utilised RTA data for Lebuhraya 

Muara-Tutong from 2011 to 2015 that were collected from an 

earlier research that focused on the identification and ranking 

of hotspots along several major roads in Brunei Darussalam 

road network [8]. The IRI values were manually appended to 

the attribute table of the previously analysed hotspot zones. 

The raw IRI data were filtered and refined further to match 

the available number of RTA for GIS analysis which are 

spatially distributed on the base maps of the study road. Both 

existing and new data were then overlapped so that the full 

range of IRI and various types of RTA data were projected 

along Lebuhraya Muara-Tutong. 

2.2. Regression methodology and development 

The relationship between various types of road properties, IRI 

values and μ-value (i.e. the observed number of accidents) 

were analysed and interpreted using empirical regression 

models that were developed in ArcGIS. The Ordinary Least 

Square (OLS) method was selected to model and examine the 

statistical relationships between all the variables along 

Lebuhraya Muara-Tutong. Table 1 lists and classifies the 

selected data into dependent and explanatory variables in the 

analysis. 

 

Table 1: Classification of variables included in the analysis. 

 

Dependent (μ-value) Explanatory 

RTA during night or during 

day; RTA during wet or dry 

weather; Self-accidents or 

multi-vehicle accidents  

IRI; No. of junctions; No. 

of conflict points; Road 

width 

 

Prior to the regression analysis, the collinearity and hence 

redundancy of the candidate variables was determined 

through OLS tool. This procedure reduces bias caused by 

multicollinearity among the variables during the analysis. 

Subsequently, the tool generated an “OLS statistical report” 

that provides various statistical parameters of the regression 

model – these parameters were used to evaluate the developed 

regression model. The resultant model can then be used to 

determine the statistical correlation between μ-value and road 

roughness. 

3 Preliminary Results and Discussion 

Prior to the OLS analysis, exploratory data analysis in the 

form of bivariate scatterplots was performed to identify the 

potential relationships among the variables. With the 

scatterplot matrices, variables that might have similar links to 

the dataset would be determined. When the scatterplot matrix 

tool was run, several matrices did not show a clear trend, i.e. 

the points were clustered around a diagonal line on individual 

scatterplots between multiple variables (as seen in Figure 1). 

This indicated that the independent variables were not 

correlated to each other. Explanatory variables that were 

found to be correlated to each other would violate a key 

assumption of regression modelling, i.e. explanatory variables 

are independent of each other. Violation of this assumption 

could result in miscalculation and create redundancy of the 

model’s statistical significance [9]. From the initial analysis, 

RTA during night or day, RTA during dry or wet weather, 

self-accidents or multi-vehicle accidents, IRI values, road 

width, number of junctions and conflict points projected 

unclear trends and were chosen for the OLS regression 

analysis. 

Figure 1: The scatterplot matrices of explanatory variables. 

 

Since there were six types of μ-value selected as the 

dependent variables, they were assessed individually of their 

impact on the selected explanatory variables. After running 

the OLS tool, six OLS reports were provided.  Figure 2 

illustrates an example of the report.   

 

 
 

Figure 2: An example of an OLS statistical report. 

 

To avoid redundancy among the variables, it is important to 

ensure that the value of “Variance Inflation Factor” (VIF) 

does not exceed 7.5. This was confirmed in the OLS reports 

where VIF values for IRI, number of conflicts, number of 

junctions and road width were found to be 1.10, 1.65, 1.50 

and 1.03 respectively.  

 

The relatively small coefficient of each of the explanatory 

variables in the OLS reports showed that the variables did not 

show a strong influence on the μ-values. Both the number of 

junctions and conflicts points along the road have positive 

relationships with RTA frequencies, while IRI had the most 
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negative coefficients of between -0.40 and -0.19 for each 

additional unit increase.  

 

The consistency of the explanatory variables in the model in 

relation to the dependent variable in both geographical and 

data space was determined through the Koenker Statistic, i.e. 

the p-value. The p-values acquired from the regression 

analysis have indicated that the variability of the variables 

was statistically insignificant and equal across the range of 

values of the other variable that predicted it. The 

insignificance indicated that the variables did not behave 

randomly everywhere in the study. In other words, the 

variation in the relationship between the predicted value and 

each explanatory variable changed constantly with changes in 

the variable’s magnitude. When the variables were analysed 

individually in each regression equation, the t-statistic of IRI 

values yielded the least magnitude of t-statistics for all 

reports. This indicated that the magnitude of IRI in relation to 

the other variables was more likely to be not significantly 

different relative to the variation in the overall dataset, i.e. IRI 

value is not highly correlated with the dependent variable. 

Table 2 shows the results of the t-statistic extracted from the 

OLS regression reports. 

 

Generally, a t-statistic would assess only one variable per run 

but the F-statistic compares the fits of multiple coefficients 

simultaneously.  As shown in Table 2, the joint F-statistics 

indicated the dataset have provided sufficient evidence to 

conclude that the model is significant, but not enough to 

conclude that any individual variable is significant. This 

suggested that the model significance was contributed by the 

other road properties instead of a clear contribution from the 

IRI values. 

 

Table 2: t-statistic and F- statistic results. 

 

A t-statistical probability of less than 5% for the coefficient of 

a particular explanatory variable suggests that the coefficient 

of the variable is unlikely to be zero at a 95% confidence 

level. However, this was not the case for the coefficients of 

IRI and frequency of conflict points, suggesting that these two 

variables do not have a statistically significant effect on the μ-

values. This explained that it was likely that the IRI and 

conflict points do not contribute to the performance of the 

model.  

OLS regression model requires the residuals to be normally 

distributed, and this was assessed through the Jarque-Bera 

statistic. All the regression models however showed that these 

statistics were significant, and therefore, the residuals were 

not normally distributed. This indicated that the model was 

strongly biased and the dataset is skewed.  

 

Aside from the skewness of the dataset, the Spatial 

Autocorrelation tool was used to observe the correlations of 

the explanatory variables in the spatial dimensions. All the 

output reports showed that the regression residuals were 

clustered with a Z-score listed in Table 3. This indicated that 

there is a less than 5% likelihood that the clustered pattern 

could be the result of random chance. Although this could be 

accounted for by the fact that RTA’s are constrained to the 

road network, there is also the possibility that not all key 

explanatory variables were present and that there was a 

misspecification within the model [10]. An example of spatial 

autocorrelation report for a regression equation where the 

observed number of accidents during the day was a dependent 

variable is shown in Figure 3. 

 

Table 3: Z-score of respective μ- value. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: The Spatial Autocorrelation report from ArcGIS. 

 

As shown by the assessments of bias, all models were shown 

to afflict by misspecification. This was consistent with low 

adjusted and multiple R-squared values of the models, which 

indicate how well the explanatory variables were able to 

explain the variation in the RTA μ-values. The adjusted R-

squared obtained varies from 0.8% to 7.8% only, and thus at 

most, only 7.8% of the variation in the output variable was 

explained by the subset of input variables. This may also 

explain the weak relationship between IRI and RTA, as the 

model significance was contributed by the other included road 

properties. Another likely reason was that there were other 

factors and variables which likely had an impact on the RTA 

frequencies, but could not be included in this study. 

Regression on 

(μ- value) 

t-statistic 

(lowest value) 
F- statistic 

RTA during Day IRI= -3.688 7.08581 

RTA at Night IRI= -2.449 2.22224 

Self-Accident IRI= -2.618 2.46152 

RTA during wet weather IRI= -1.537 1.11772 

RTA during dry weather IRI= -4.300 9.10441 

Multi-vehicle accidents IRI= -3.325 12.22020 

Regression on (μ- value) z-score 

RTA during Day 5.81 

RTA at Night 4.05 

Self-Accident 6.86 

RTA during wet weather 8.83 

RTA during dry weather 2.98 

Multi-vehicle accidents 2.50 



4 

The main objective of this paper was to determine how road 

roughness would influence the observed number of accidents; 

however, based on the results, IRI value exhibited statistically 

insignificant contribution throughout most of the tests when 

compared to the other independent variables shortlisted for 

this study. The results thus indicated no clear relationship 

between IRI and the μ-value, and hence IRI value has a weak 

relationship (at best) to the observed number of accidents. 

This may be due to the limitation of the current approach – 

most RTA were likely to have been caused by a combination 

of contributory factors (e.g. traffic volume, speed and so on) 

and these variables have not been analysed in the current 

model. 

4 Conclusion and Recommendations for Future 

Work 

Road surface condition is widely accepted as one of the most 

important factors that affect the safety of a land transport 

system; however, only a few researchers examined how road 

roughness, quantified by International Roughness Index (IRI), 

can contribute to the occurrences of Road Traffic Accident 

(RTA). The Ordinary Least Square (OLS) tool in ArcGIS was 

used to develop a regression model on a GIS database of RTA 

locations and IRI measurements, to assess the relationship 

between the individual explanatory variables and the overall 

model. Based on the summary of OLS reports, several 

interpretations were made. Amongst the various types of 

RTA, the sum of RTA during night or day, RTA during dry or 

wet weather, self-accidents or multi-vehicle accidents, IRI 

values, road width, number of junctions and conflict points 

were shown to be qualified as variables for the analysis. The 

main objective of this paper was to determine the influence of 

IRI on the μ-value (i.e. RTA data), and the statistical results 

have shown a weak correlation between the two variables. As 

the relationship of other variables to the μ-value may have 

overshadowed the correlation of IRI, this approach was 

unable to conclude the link between them. Past data did not 

indicate a strong enough relationship between IRI and the 

number of road accidents to enable the future μ-value (or any 

dependent variable) to be better predicted with the inclusion 

of IRI in the regression model.  

 

Several recommendations can be made for further research to 

improve the outcome of the study. Other factors, such as 

speed and traffic volume, should be explored for inclusion 

into the analysis. In the process of data preparation, it is 

suggested to remove any possible influential outliers. Where 

justified by exploratory data analysis, normalising or 

linearising the data should be considered to possibly represent 

the data better for OLS analysis and thereafter produce a 

better outcome. The sole influence of IRI alone on the μ-value 

should be analysed before including other variables to allow 

comparison between different sets of explanatory variables. 

The Geographical Weighted Regression (GWR) tool in 

ArcGIS, can also be used to investigate the spatial 

relationship between IRI and other variables across the study 

area. Other statistical methods such as factor analysis could 

also be considered, particularly given the multiple 

contributory factors typically involved in RTAs. The 

developed model should also be validated using further data 

collected from the field. Nevertheless, given the limitations 

inherited within the model development here, it is clear that 

further analysis will be required to determine the influence of 

IRI on the observed number of accidents. 
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