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Abstract: Growth of road users in urban areas results in higher interactions between 
pedestrians making random jaywalking along the carriageway, causing speed reductions in the 
mainstream traffic flow. Thus, the prime objective of this research was to study the interaction 
and develop a speed reduction model to estimate the collective speed reduction caused to the 
mainstream traffic which encounters jaywalking pedestrians. This speed reduction is influenced 
by the characteristics of the crossing pedestrians and the behavior of on-coming vehicles. The 
data were extracted from video footages taken using a drone camera. Both the movement of the 
vehicles and crossing pedestrians on the subject lane were tracked using automated software in 
order to enhance the accuracy of the results. A linear regression model was developed for the 
consequential characteristics. The applicability of the proposed model for each vehicle and 
pedestrian characteristic has been determined and evaluated based on their level of significance. 

Keywords: Speed Reduction, Jaywalking, Mainstream Vehicles, Pedestrians, Heterogeneous 
Traffic, Speed Model 

1. INTRODUCTION

The vehicle-pedestrian interaction is often observed on roads in various aspects consequentially 
resulting in speed reductions in the mainstream traffic flow when yielding for jaywalking. The 
main objective of this study was to study the interaction between the jaywalking pedestrians 
and the subjected vehicle on the mainstream traffic and thereby develop a speed reduction 
model for the vehicle with relevant influential characteristics and identify the relevant 
deceleration patterns of the mainstream. Many previous studies were carried out to develop 
speed models to determine the delay, yet in homogeneous conditions. As the conditions are 
much different the methodologies are not applicable in heterogeneous traffic conditions. The 
study of influential traffic flow characteristics is vital as it contingents on the driver yielding 
behavior. Yielding to the jaywalkers causes delay to the subjected vehicle on the traffic flow, 
resulting in a high sustained speed reduction on the mainstream traffic. This study was therefore 
focused on developing a speed reduction model for the subjected vehicle on the mainstream 
with contrast to the governing vehicle and pedestrian characteristics.  
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2. LITERATURE REVIEW

2.1 Influential Factors 
Many studies were conducted taking gender and age into consideration as these are potential 
factors that influence the gap acceptance behavior. Kadali and vedagiri (2013) conducted a 
study, considering age and gender. They ended up finding that neither age nor gender is critical 
on the gap acceptance behavior. However this result has many conflicts with other studies. Such 
that Sun, Ukkusuri, and Benekohal (2003) and Das, Manski, and Manuszak (2005) showed that 
the age and gender have a substantial effect on the gap acceptance behavior. They also studied 
the pedestrian crossing patterns and found that pedestrians are more likely to cross in a staggered 
manner especially in a divided road where there is a higher traffic density on the median lane.  

2.2 Speed Reduction 
Bassani, Dalmazzo and Mainelli (2013) found that an average speed reduction of 7.23 km/h is 
caused by the pedestrians sharing the right of way due to absence of sidewalk specifically on 
urban roads. Advani and Nisha (2013) found that high volumes of pedestrians walking beside 
the side way leads to a lower speed on urban streets. Shukla et al. (2016) established a speed 
prediction model for urban roads that are having considerable pedestrian engagements along 
the carriageway and found that a 0.35 km/h speed reduction occurs to the mainstream traffic 
flow for each and every pedestrian waking beside the side way. Varhelyi (1996) found that the 
average speed reduction of the mainstream traffic flow is 2 km/h when a single pedestrian is 
present and about to cross the road on one side. The speed reduction increases to an average of 
5 km/h when there are multiple pedestrians present and about to cross from both sides of the 
road. Thiessen et al. (2017) found that pedestrian movements across the road cause an operating 
speed reduction of 2 Km/h. 

2.3 Speed Models 
 Nevertheless there are some studies which explains the traffic movement in contrast with 
empirical models or other adjustment factors. Bang (2006) conducted many studies in relation 
to the speed characteristics on urban roads with reference to the different factors that governs 
with different driver and pedestrian attributes. Hence a speed model was introduced which is 
Vaverage = 48.7  0.011Y1  0.015Y2                  

                                                                                  (1) 
Where: 
Y1 = Vehicle volume on both directions (Veh/h) 
Y2 = Pedestrian volume (Ped/h/km) 
Golakiya & Dhamaniya (2019) conducted a study in heterogeneous traffic conditions and 
propose a regression model to find a speed of a specific vehicle under the influence of other 
vehicles. This model emphasize more on the selected vehicular categorical speed.  
Vj = a0  (£(ai  x ni/Vi)-(ak ped/Vj))                                                                                       (2) 
Where: 
Vj = Vehicle speed of jth vehicle (m/s) 
Vi = Vehicle speed of ith vehicle (m/s) 
ao = Regression coefficient representing the free flow of vehicle type j 
aj = Regression coefficient relevance to the impact of density on the free flow speed of the jth 
vehicle category.  
Shukla et al. (2016) established the following speed prediction model for urban roads that are 
having considerable pedestrian engagements along the carriageway.  
Vp = 51.14  0.35X1  0.61X2  0.19X3  0.16X4                                                                   (3) 
Where: 
X1 = Pedestrian volume (ped/min) 
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X2 = Car volume (Veh/min) 
X3 = Two-wheeler volume (Veh/min)
X4 = Three-wheeler volume (Veh/min) 
 
However, it was observed that, most of the previous studies have evaluated the speed reduction 
as a straightforward value. While the existing studies have also developed linear models in order 
to predict the speed of the mainstream traffic flow due to a vehicle and pedestrian interactions. 
The speed reduction behavior is varying with mixed traffic conditions. Hence it is imperative 
to introduce a straightforward linear speed reduction model by considering the governing 
vehicle and pedestrian characteristics to predict the speed reduction in mixed traffic conditions.  
 
 
 
3. METHODOLOGY  
  
3.1 Data Collection 
 
Initially the locations were selected considering the vehicle and pedestrian densities during peak 
and off-peak hours. Given that the selected location resided with optimum pedestrian and 
vehicle densities and minimal road undulations yet with heterogeneous traffic conditions. Data 
were collected in a suburban area in Sri Lanka as shown in Figure 1. Figure 2 shows the aerial 
view of the selected site location. The considered road section is an A class two-way two lane 
divided dual carriageway section with a center median. This road section had a clear center 
median without barriers for a length of 142m. Data collection was carried out on Tuesday and 
Saturday from 4.00 pm to 6.00 pm after considering the vehicle and pedestrian densities of the 
selected section. The jaywalking frequency was observed as 40 pedestrians/hr.  
The considered space mean speed was around 40km/hr which is the urban speed limit. The 
vehicle headway consideration was done so that a minimum headway of 10m was to be 
maintained. However, the vehicle speed and headway were of minor deviations from the 
considered values due to the vehicle density variations in the upstream and the downstream of 
the main traffic flow. The selected road section was a flexible pavement having a uniform 
surface and negligible undulations. The selected road section of the location did not have any 
road humps, barriers or any potential disturbance for the subjected vehicles or pedestrians. The 
selected location did not have any curve or bent road sections and there was no detected 
longitudinal slopes on the road section.  
 

 
Figure 1. Site location 
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Figure 2. Aerial view of the location 

3.2 Data Extraction 

Data extraction was done in two stages. In the first stage, manual extraction of categorical 
variables and in the second stage, automated extraction of other variables with related to vehicle 
and pedestrian characteristics.  

3.3.1 Manual extraction 
Manual extraction of categorical variables of vehicle related characteristics such as subjected 
lane and vehicle type are shown in Table 1. The extracted characteristics were categorized 
numerically as 0,1,2,3 with considering the ascending speed reduction order of each 
characteristic separately.  

Table 1. Vehicle related characteristic organization 
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3.3.2 Automated data extraction 
- as the interface shown in 

Figure 3. Therefore the vehicle characteristics such as Speed, Acceleration, Deceleration, 
Distance travelled by the subjected vehicle, Idling time and Vehicle-Pedestrian gap at the start 
and Pedestrian Speed at the start were taken.  

Figure 3. Tracker analysis 

The key findings of the study were based on the vehicle speed reduction and recovery. 
Therefore, the speed reduction and recovery were analyzed in depth. The speed reduction and 
recovery were identified as two separate phases.  
The vehicle speed recovery was studied with respect to the recovery rates. Recovery rates were 
identified with three scenarios as (1) complete recovery, (2) over recovery and (3) under 
recovery. 
Complete recovery as shown in Figure 4 was identified when the constant speed travelled by 
the vehicle before the jaywalking impact happened is completely recovered and the recovery 
process of the speed drop is only influenced by the jaywalking scenario. 

Figure 4. Complete recovery 
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Over recovery as shown in Figure 5 was identified when the constant speed travelled by the 
vehicle before the jaywalking impact happened is over recovered and the vehicle attains a higher 
speed than the drop at the start. The higher speed is attained due to the low vehicle density in 
the downstream. The recovery was considered as a complete recovery and only the speed until 
the drop happened at the start was considered as the influential jaywalking scenario. 
 

 
Figure 5. Over recovery 

Under recovery as shown in Figure 6 was identified when the constant speed travelled by the 
vehicle before the jaywalking impact happened is not recovered and the vehicle attains a lower 
speed than the drop at the start. The lower speed is attained due to the higher vehicle density in 
the downstream. The recovery was considered until a constant speed is attained and the 
extraction was done considering the vehicle is decelerating. 
 

 
Figure 6. Under recovery 

The data extraction was done with adhering to the conditions and limitations of the different 
vehicle speed recovery types.  
Extracted data from the software are shown as below.  
Speed reduction  The speed difference of the initial speed at the start of the speed drop and the 
speed at the bottom of the speed reduction phase. 
Deceleration  Speed difference with respect to time in the speed reduction phase.  
Acceleration  Speed difference with respect to time in the speed recovery phase.  
Distance travelled by the subjected vehicle  The total distance travelled by the vehicle from 
the speed reduction phase to the speed recovery phase until the initial starting speed.  
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Idling time  The time difference between the end of the speed reduction phase and the start of 
the speed recovery phase.  
Speed gap of the start and end  The speed difference between the initial speed in the speed 
reduction phase and the final speed in the speed recovery phase.  
Pedestrian speed at the start  pedestrian speed at the initial speed of the vehicle in the speed 
reduction phase.  
Vehicle-Pedestrian gap  The difference between the distance of the vehicle and the pedestrian 
at the initial speed of the vehicle speed in the speed reduction phase.  

3.3 Analysis method 

Analysis was conducted to produce the linear speed reduction model in the form of the multiple 
linear regression equation as shown in Equation 4. 

Y = a0 + a1X1 +... + anXn                                                                                                         (4) 
Given that, 
Y = Dependent variable (Speed Reduction of the subjected vehicle on the mainstream) 
X = Independent variables from the pedestrian and vehicle characteristics 

  a0, a1, ... an = Variable coefficients 

The analysis was done in two processes as model fitting and model validation. The complete 
analysis was done with using the R-STUDIO software.  
Model fitting was done for the training data set which was taken as 70% of the complete data 
set. Regression analysis was then performed with backward stepwise regression to identify the 
most significant variables in the speed reduction model. The hypothesis is as below.  

H0  There is no relationship between the dependent variable and the independent variable 
H1  There is a relationship between the dependent variable and the independent variable 

Model validation was performed for the test data set which was taken as 30% of the data set. 
Serial correlation was checked using Durbin-Watson test. The hypothesis is as below.  

 H0  There is no correlation in the residuals Vs. H1  There is a correlation in the residuals 
Normality was checked using Anderson  Darling test. The hypothesis is as below. 

H0  Data normally distributed Vs. H1  Data not normally distributed 
The correlation between the test data and the training data were checked so that there is a 
minimal variation between the two data sets. 
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4. RESULTS AND DISCUSSION  

Backward Stepwise regression was done with having the vehicle speed reduction as the 
dependent variable and other variables as independent variables. The stepwise regression was 
performed until all the individual variables attained a 95% confidence level of significance. 
Such that the complete model obtains a R2 value of 0.8759. 
It was observed that the vehicle speeds and vehicle  pedestrian gap are highly significant 
towards the speed reduction of the vehicle while the vehicle type, subjected lane, pedestrian age 
and speed are moderately significant towards the speed reduction of the subjected vehicle. 
Nevertheless the complete speed reduction model indicates a P value of 2.2 x 10-16 with a high 
R2 value of 0.8759 which are satisfactory for practically obtained data. Thus, it was concluded 
that the model is acceptable as its relevant values are in the acceptable range. 
 
4.1 Model Fitting 
 
A backward stepwise regression was done using the training data set to fit the model. The 
variable with the maximum individual P value was omitted in each step. Results obtained from 
model fitting are shown in Table 2. The coefficient of each variable along with the individual 
significance and the relevant significance level is shown. 
 
 

Table 2. Individual coefficient results 

Parameter Estimate Std. 

Error 

t value P value Significance 

Intercept -0.92267 0.53589 -1.722 0.09247 . 

Acceleration 2.00213 0.42887 4.668 3.10x10-5 *** 

Deceleration -0.61438 0.29397 -2.090 0.04272 * 

Distance travelled by the 

subjected vehicle 

0.02769 0.00849 3.260 0.00221 ** 

Idling time -0.71932 0.18884 -3.809 0.00044 *** 

Pedestrian speed at the start 

of the vehicle speed drop 

-0.63098 0.18282 -3.451 0.00128 ** 

Speed gap of the start and 

end 

1.33752 0.14833 9.017 2.24x10-11 *** 

Subjected lane 0.60614 0.26836 2.259 0.02915 * 

Vehicle type 0.31786 0.12543 2.534 0.01509 * 
 
The individual variable significance to the model are interpreted as below. 
*** = Extremely significant (0.001) 
**   = Very significant (0.01) 
*ldd= Moderately significant (0.05) 
.      = Less significant (0.1) 
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4.1.1 Independent variable 
Speed reduction of the subjected vehicle on the mainstream
As the main intention of the research was to find the speed reduction of the subjected vehicle 
on the mainstream due to the impact of illegal crossing pedestrians on urban and suburban roads, 
the proposed speed reduction model introduces the absolute speed reduction of the subjected 
vehicle. This speed reduction is interpreted in meters per second (m/s) as the jaywalking impacts 
directly to the subjected vehicle.  

4.1.2 Intercept 
The obtained speed reduction model is having a negative intercept value which can be 
interpreted that when all the predictors are zero, there be a positive speed reduction on 
the subjected vehicle on the mainstream. However the significance of the intercept was 0.09247 
which is less significant, yet it was considered as acceptable in the regression analysis as the 
research was conducted on practically obtained values.  

4.1.3 Dependent variables 
Acceleration 
The coefficient for acceleration in the speed reduction model was obtained as 2.00213 
expressing it as a very high value comparatively. If the acceleration in the speed recovery phase 
is high, then the speed reduction is comparatively high. Therefore high-speed drops result in 
much aggressive acceleration patterns as the drivers tend to attain the initial travelling speed in 
a short period of time.  

Deceleration 
The deceleration coefficient was obtained as -0.61438 which can be implied as with increasing 
decelerations the speed reduction is high. Sudden deceleration patterns causes high speed 
reduction. Therefore high yielding incidents causes high speed reductions which also increase 
the possibilities of an accident. These impacts both pedestrian and vehicle user safety.  

Distance travelled by the subjected vehicle 
As the total distance in the speed reduction and recovery phase were considered, the positive 
obtained coefficient implies that, with higher distances the speed reduction is high. Therefore, 
if the total vehicle speed graph area is high then the speed reduction is high.  

Idling time 
Idling time depend on many factors. However, higher idling time results in lower speed 
reductions as the perception distance increases. Higher perception distance results in lower 
yielding, which assist the driver to align with a lower and a smooth speed reduction and 
recovering phase. Idling time is a highly significant parameter in the speed reduction model as 
well. 

Pedestrian speed at the start of the vehicle speed drop 
The coefficient of the pedestrian speed at the start of the vehicle speed drop is a negative value 
which can be interpreted that if the pedestrian crosses the road with a high speed then the speed 
drop of the vehicle is low and if the pedestrian crosses the road with a lower speed then the 
vehicle speed drop and the recovery is high due to the yielding effect and the perception reaction 
of the driver.  
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Speed gap of start and end 
Speed gap between the starting and end points were considered due to the effects of various 
speed recovery patterns. However, the complete recovered and over recovered patterns were 
considered as zero speed gap due to the completion of the initial speed drop recovery. Yet the 
under recovered pattern was considered to have a positive speed drop as there is a gap between 
the starting and end speeds. Therefore, it was observed that under recovered speeds result in 
comparatively high-speed reductions.  

Subjected lane 
It was observed that the coefficient of the subjected lane is 0.60614 which can be interpreted 
that if the vehicle is travelling on the first lane and if the pedestrian is also at the start of the first 
lane and moving towards the second lane then the speed reduction is less. But if the vehicle is 
travelling on the second lane and pedestrian crossing direction is from the first lane towards the 
second lane then the speed reduction of the vehicle is high. This difference due to the vehicle 
travelling lane is happened because of the yielding effect of the driver of the vehicle. In the first 
event the yielding effect is less, causing a lower speed reduction whereas in the second event 
the yielding effect is high as the perception reaction time of the driver is high in the second 
event.  

Table 3: Speed reduction comparison of the subjected lane 

Vehicle type 
The coefficient of the vehicle type is a positive value which implies that for smaller vehicles 
such as bikes and three wheelers the delay caused is less and for heavy vehicles it is 
comparatively high.  

The other test values obtained for the complete model are shown in Table 4. 

Table 4: Model test values 

Event 1 Event 2 
Vehicle position On the first lane On the second lane 
Pedestrian position At the start of the first lane At the start of the first lane 
Pedestrian crossing 
direction 

From the first lane to the second 
lane 

From the first lane to the second 
lane 

Speed reduction LOW HIGH 

Residual standard error 0.8394 on 42 degrees of freedom 

Multiple R-squared 0.8759 

Adjusted R-squared 0.8523 

F-static 37.07 on 8 and 42 DF 

P-value 2.2 x 10-16 
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4.2 Model Validation 
The linearity and normality checks were then conducted further validate the model. 
 
Autocorrelation test = Durbin  Watson test 
The Durbin Watson value was obtained as 1.5676 (Between 1.5 and 2.5) 
 
Normality test = Anderson  Darling test 
The value obtained was 0.69203 along with a P value of 0.06658(>0.05)  
Therefore there is no serial correlation between the residuals and the residuals are normally 
distributed  
The correlation coefficient was obtained as 0.77 which is acceptable for the obtained model.   
So, the model was completely validated thereby with satisfying all the relevant statistical 
checks and assumption in regression analysis 
 
The speed reduction model for the subjected vehicle on the mainstream traffic flow is shown 
in equation 5.  
 
Speed reduction = - 0.92267 + 2.00213A  0.61438B + 0.02769C  0.71932D                    (5) 
                                0.63098E + 1.33752F + 0.60614G + 0.317869H 
 
Where, 
A = Acceleration (m/s2) 
B = Deceleration (m/s2) 
C = Distance travelled by the subjected vehicle (m) 
D = Idling time (s) 
E = Pedestrian speed at the start of the vehicle speed drop (m/s) 
F = Speed gap of start and end (m/s) 
G = Subjected Lane (near/far) 
H = Vehicle type                         
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5. CONCLUSIONS

In this research, regression modelling technique was used to introduce a speed reduction model 
for the speed variation occurring to the subjected vehicle on the mainstream due to illegal 
crossing pedestrians on urban and suburban areas on road sections without center median 
barriers. The collective vehicle and pedestrian characteristics in a jaywalking situation, 
influencing to the speed reduction were identified and analyzed descriptively in this study.  
The speed reduction of the subjected vehicle on the mainstream mainly depend on the variables 
such as the acceleration, deceleration, distance travelled by the subjected vehicle, idling time, 
pedestrian speed at the start of the vehicle speed drop, subjected lane and the vehicle type. The 
analysis shows that the acceleration, idling time and the speed gap of start and end are extremely 
significant whereas the distance travelled by the subjected vehicle, pedestrian speed at the start 
of the vehicle speed drop are very significant and the deceleration, subjected lane and the vehicle 
type are moderately significant towards the collective speed reduction of the subjected vehicle 
on the mainstream traffic flow.  
This study is the first study that has been done considering the vehicle and pedestrian 
characteristics such as acceleration, deceleration, speed and gaps while introducing a 
straightforward speed reduction model in heterogeneous traffic conditions. Accordingly, this 
study will be useful to estimate the collective speed reduction from such vehicle and pedestrian 
characteristics in straight road sections. Moreover, the results of the study will be useful to 
identify the speed reduction by excessive jaywalking pedestrians in identified zones and to 
implement potential developments to the road infrastructure in order to enhance the level of 
service and the safety of pedestrians.  
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the pedestrian crossing patterns and found that pedestrians are more likely to cross in a staggered 58 
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2.2 Speed Reduction 61 
Bassani, Dalmazzo and Mainelli (2013) found that an average speed reduction of 7.23 km/h is 62 
caused by the pedestrians sharing the right of way due to absence of sidewalk specifically on 63 
urban roads. Advani and Nisha (2013) found that high volumes of pedestrians walking beside 64 
the side way leads to a lower speed on urban streets. Shukla et al. (2016) established a speed 65 
prediction model for urban roads that are having considerable pedestrian engagements along 66 
the carriageway and found that a 0.35 km/h speed reduction occurs to the mainstream traffic 67 
flow for each and every pedestrian waking beside the side way. Varhelyi (1996) found that the 68 
average speed reduction of the mainstream traffic flow is 2 km/h when a single pedestrian is 69 
present and about to cross the road on one side. The speed reduction increases to an average of 70 
5 km/h when there are multiple pedestrians present and about to cross from both sides of the 71 
road. Thiessen et al. (2017) found that pedestrian movements across the road cause an operating 72 
speed reduction of 2 Km/h. 73 
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 Nevertheless there are some studies which explains the traffic movement in contrast with 76 
empirical models or other adjustment factors. Bang (2006) conducted many studies in relation 77 
to the speed characteristics on urban roads with reference to the different factors that governs 78 
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vehicle category.  93 
Shukla et al. (2016) established the following speed prediction model for urban roads that are 94 
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The speed reduction behavior is varying with mixed traffic conditions. Hence it is imperative 106 
to introduce a straightforward linear speed reduction model by considering the governing 107 
vehicle and pedestrian characteristics to predict the speed reduction in mixed traffic conditions.  108 
 109 
 110 
 111 
3. METHODOLOGY  112 
  113 
3.1 Data Collection 114 
 115 
Initially the locations were selected considering the vehicle and pedestrian densities during peak 116 
and off-peak hours. Given that the selected location resided with optimum pedestrian and 117 
vehicle densities and minimal road undulations yet with heterogeneous traffic conditions. Data 118 
were collected in a suburban area in Sri Lanka as shown in Figure 1. Figure 2 shows the aerial 119 
view of the selected site location. The considered road section is an A class two-way two lane 120 
divided dual carriageway section with a center median. This road section had a clear center 121 
median without barriers for a length of 142m. Data collection was carried out on Tuesday and 122 
Saturday from 4.00 pm to 6.00 pm after considering the vehicle and pedestrian densities of the 123 
selected section. The jaywalking frequency was observed as 40 pedestrians/hr.  124 
The considered space mean speed was around 40km/hr which is the urban speed limit. The 125 
vehicle headway consideration was done so that a minimum headway of 10m was to be 126 
maintained. However, the vehicle speed and headway were of minor deviations from the 127 
considered values due to the vehicle density variations in the upstream and the downstream of 128 
the main traffic flow. The selected road section was a flexible pavement having a uniform 129 
surface and negligible undulations. The selected road section of the location did not have any 130 
road humps, barriers or any potential disturbance for the subjected vehicles or pedestrians. The 131 
selected location did not have any curve or bent road sections and there was no detected 132 
longitudinal slopes on the road section.  133 
 134 

 135 
Figure 1. Site location 136 
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 137 

Figure 2. Aerial view of the location  138 
 139 
3.2 Data Extraction 140 
 141 
Data extraction was done in two stages. In the first stage, manual extraction of categorical 142 
variables and in the second stage, automated extraction of other variables with related to vehicle 143 
and pedestrian characteristics.  144 
 145 
3.3.1 Manual extraction 146 
Manual extraction of categorical variables of vehicle related characteristics such as subjected 147 
lane and vehicle type are shown in Table 1. The extracted characteristics were categorized 148 
numerically as 0,1,2,3 with considering the ascending speed reduction order of each 149 
characteristic separately.  150 
 151 

Table 1. Vehicle related characteristic organization 152 
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3.3.2 Automated data extraction 161 

- as the interface shown in 162
Figure 3. Therefore the vehicle characteristics such as Speed, Acceleration, Deceleration, 163 
Distance travelled by the subjected vehicle, Idling time and Vehicle-Pedestrian gap at the start 164 
and Pedestrian Speed at the start were taken.  165 
 166 

 167 
Figure 3. Tracker analysis 168 

 169 
The key findings of the study were based on the vehicle speed reduction and recovery. 170 
Therefore, the speed reduction and recovery were analyzed in depth. The speed reduction and 171 
recovery were identified as two separate phases.  172 
The vehicle speed recovery was studied with respect to the recovery rates. Recovery rates were 173 
identified with three scenarios as (1) complete recovery, (2) over recovery and (3) under 174 
recovery. 175 
Complete recovery as shown in Figure 4 was identified when the constant speed travelled by 176 
the vehicle before the jaywalking impact happened is completely recovered and the recovery 177 
process of the speed drop is only influenced by the jaywalking scenario. 178 
 179 

 180 
Figure 4. Complete recovery 181 
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Over recovery as shown in Figure 5 was identified when the constant speed travelled by the 182 
vehicle before the jaywalking impact happened is over recovered and the vehicle attains a higher 183 
speed than the drop at the start. The higher speed is attained due to the low vehicle density in 184 
the downstream. The recovery was considered as a complete recovery and only the speed until 185 
the drop happened at the start was considered as the influential jaywalking scenario. 186 
 187 

 188 
Figure 5. Over recovery 189 

Under recovery as shown in Figure 6 was identified when the constant speed travelled by the 190 
vehicle before the jaywalking impact happened is not recovered and the vehicle attains a lower 191 
speed than the drop at the start. The lower speed is attained due to the higher vehicle density in 192 
the downstream. The recovery was considered until a constant speed is attained and the 193 
extraction was done considering the vehicle is decelerating. 194 
 195 

 196 
Figure 6. Under recovery 197 

The data extraction was done with adhering to the conditions and limitations of the different 198 
vehicle speed recovery types.  199 
Extracted data from the software are shown as below.  200 
Speed reduction  The speed difference of the initial speed at the start of the speed drop and the 201 
speed at the bottom of the speed reduction phase. 202 
Deceleration  Speed difference with respect to time in the speed reduction phase.  203 
Acceleration  Speed difference with respect to time in the speed recovery phase.  204 
Distance travelled by the subjected vehicle  The total distance travelled by the vehicle from 205 
the speed reduction phase to the speed recovery phase until the initial starting speed.  206 
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Idling time  The time difference between the end of the speed reduction phase and the start of 207 
the speed recovery phase.  208 
Speed gap of the start and end  The speed difference between the initial speed in the speed 209 
reduction phase and the final speed in the speed recovery phase.  210 
Pedestrian speed at the start  pedestrian speed at the initial speed of the vehicle in the speed 211 
reduction phase.  212 
Vehicle-Pedestrian gap  The difference between the distance of the vehicle and the pedestrian 213 
at the initial speed of the vehicle speed in the speed reduction phase.  214 
 215 
 216 
3.3 Analysis method 217 
 218 
Analysis was conducted to produce the linear speed reduction model in the form of the multiple 219 
linear regression equation as shown in Equation 4. 220 

Y = a0 + a1X1 +... + anXn                                                                                                         (4)                                                                                    221 
Given that, 222 
Y = Dependent variable (Speed Reduction of the Subjected Vehicle on the Mainstream) 223 
X = Independent variables from the Pedestrian and Vehicle Characteristics 224 

  a0, a1, ... an = Variable coefficients 225 
 226 

The analysis was done in two processes as model fitting and model validation. The complete 227 
analysis was done with using the R-STUDIO software.  228 
Model fitting was done for the training data set which was taken as 70% of the complete data 229 
set. Regression analysis was then performed with backward stepwise regression to identify the 230 
most significant variables in the speed reduction model. The hypothesis is as below.  231 

H0  There is no relationship between the dependent variable and the independent variable 232 
H1  There is a relationship between the dependent variable and the independent variable 233 

Model validation was performed for the test data set which was taken as 30% of the data set.  234 
Serial correlation was checked using Durbin-Watson test. The hypothesis is as below.  235 

  H0  There is no correlation in the residuals Vs. H1  There is a correlation in the residuals 236 
Normality was checked using Anderson  Darling test. The hypothesis is as below.  237 

H0  Data normally distributed Vs. H1  Data not normally distributed  238 
The correlation between the test data and the training data were checked so that there is a 239 
minimal variation between the two data sets. 240 
 241 
 242 
 243 
 244 
 245 
 246 

 247 
 248 

 249 
 250 
 251 
 252 
 253 
 254 
 255 

  256 
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4. RESULTS AND DISCUSSION  257 

258
Backward Stepwise regression was done with having the vehicle speed reduction as the 259 
dependent variable and other variables as independent variables. The stepwise regression was 260 
performed until all the individual variables attained a 95% confidence level of significance. 261 
Such that the complete model obtains a R2 value of 0.8759. 262 
It was observed that the vehicle speeds and vehicle  pedestrian gap are highly significant 263 
towards the speed reduction of the vehicle while the vehicle type, subjected lane, pedestrian age 264 
and speed are moderately significant towards the speed reduction of the subjected vehicle. 265 
Nevertheless the complete speed reduction model indicates a P value of 2.2 x 10-16 with a high 266 
R2 value of 0.8759 which are satisfactory for practically obtained data. Thus, it was concluded 267 
that the model is acceptable as its relevant values are in the acceptable range. 268 
 269 
4.1 Model Fitting 270 
 271 
A backward stepwise regression was done using the training data set to fit the model. The 272 
variable with the maximum individual P value was omitted in each step. Results obtained from 273 
model fitting are shown in Table 2. The coefficient of each variable along with the individual 274 
significance and the relevant significance level is shown. 275 
 276 
 277 

Table 2. Individual coefficient results 278 

Parameter Estimate Std. 

Error 

t value P value Significance 

Intercept -0.92267 0.53589 -1.722 0.09247 . 

Acceleration 2.00213 0.42887 4.668 3.10x10-5 *** 

Deceleration -0.61438 0.29397 -2.090 0.04272 * 

Distance travelled by the 

subjected vehicle 

0.02769 0.00849 3.260 0.00221 ** 

Idling time -0.71932 0.18884 -3.809 0.00044 *** 

Pedestrian speed at the start 

of the vehicle speed drop 

-0.63098 0.18282 -3.451 0.00128 ** 

Speed gap of the start and 

end 

1.33752 0.14833 9.017 2.24x10-11 *** 

Subjected lane 0.60614 0.26836 2.259 0.02915 * 

Vehicle type 0.31786 0.12543 2.534 0.01509 * 
 279 
The individual variable significance to the model are interpreted as below. 280 
*** = Extremely significant (0.001) 281 
**   = Very significant (0.01) 282 
*ldd= Moderately significant (0.05) 283 
.      = Less significant (0.1) 284 

21



 
4.1.1 Dependent variable 285 
Speed reduction of the subjected vehicle on the mainstream286
As the main intention of the research was to find the speed reduction of the subjected vehicle 287 
on the mainstream due to the impact of illegal crossing pedestrians on urban and suburban roads, 288 
the proposed speed reduction model introduces the absolute speed reduction of the subjected 289 
vehicle. This speed reduction is interpreted in meters per second (m/s) as the jaywalking impacts 290 
directly to the subjected vehicle.  291 
 292 
4.1.2 Intercept  293 
The obtained speed reduction model is having a negative intercept value which can be 294 
interpreted that when all the predictors are zero, there be a positive speed reduction on 295 
the subjected vehicle on the mainstream. However the significance of the intercept was 0.09247 296 
which is less significant, yet it was considered as acceptable in the regression analysis as the 297 
research was conducted on practically obtained values.  298 
 299 
4.1.3 Independent variables 300 
Acceleration 301 
The coefficient for acceleration in the speed reduction model was obtained as 2.00213 302 
expressing it as a very high value comparatively. If the acceleration in the speed recovery phase 303 
is high, then the speed reduction is comparatively high. Therefore high-speed drops result in 304 
much aggressive acceleration patterns as the drivers tend to attain the initial travelling speed in 305 
a short period of time.  306 
 307 
Deceleration 308 
The deceleration coefficient was obtained as -0.61438 which can be implied as with increasing 309 
decelerations the speed reduction is high. Sudden deceleration patterns causes high speed 310 
reduction. Therefore high yielding incidents causes high speed reductions which also increase 311 
the possibilities of an accident. These impacts both pedestrian and vehicle user safety.  312 
 313 
Distance travelled by the subjected vehicle 314 
As the total distance in the speed reduction and recovery phase were considered, the positive 315 
obtained coefficient implies that, with higher distances the speed reduction is high. Therefore, 316 
if the total vehicle speed graph area is high then the speed reduction is high.  317 
 318 
Idling time 319 
Idling time depend on many factors. However, higher idling time results in lower speed 320 
reductions as the perception distance increases. Higher perception distance results in lower 321 
yielding, which assist the driver to align with a lower and a smooth speed reduction and 322 
recovering phase. Idling time is a highly significant parameter in the speed reduction model as 323 
well. 324 
 325 
Pedestrian speed at the start of the vehicle speed drop 326 
The coefficient of the pedestrian speed at the start of the vehicle speed drop is a negative value 327 
which can be interpreted that if the pedestrian crosses the road with a high speed then the speed 328 
drop of the vehicle is low and if the pedestrian crosses the road with a lower speed then the 329 
vehicle speed drop and the recovery is high due to the yielding effect and the perception reaction 330 
of the driver.  331 
 332 
 333 
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Speed gap of start and end 334 
Speed gap between the starting and end points were considered due to the effects of various 335 
speed recovery patterns. However, the complete recovered and over recovered patterns were 336 
considered as zero speed gap due to the completion of the initial speed drop recovery. Yet the 337 
under recovered pattern was considered to have a positive speed drop as there is a gap between 338 
the starting and end speeds. Therefore, it was observed that under recovered speeds result in 339 
comparatively high-speed reductions.  340 
 341 
Subjected lane 342 
It was observed that the coefficient of the subjected lane is 0.60614 which can be interpreted 343 
that if the vehicle is travelling on the first lane and if the pedestrian is also at the start of the first 344 
lane and moving towards the second lane then the speed reduction is less. But if the vehicle is 345 
travelling on the second lane and pedestrian crossing direction is from the first lane towards the 346 
second lane then the speed reduction of the vehicle is high. This difference due to the vehicle 347 
travelling lane is happened because of the yielding effect of the driver of the vehicle. In the first 348 
event the yielding effect is less, causing a lower speed reduction whereas in the second event 349 
the yielding effect is high as the perception reaction time of the driver is high in the second 350 
event.  351 

Table 3: Speed reduction comparison of the subjected lane 352 

 353 
Vehicle type 354 
The coefficient of the vehicle type is a positive value which implies that for smaller vehicles 355 
such as bikes and three wheelers the delay caused is less and for heavy vehicles it is 356 
comparatively high.  357 
 358 
The other test values obtained for the complete model are shown in Table 4. 359 
 360 

Table 4: Model test values 361 

  362 

 363 

 364 

 365 

   366 

 Event 1 Event 2 
Vehicle position On the first lane On the second lane 
Pedestrian position At the start of the first lane At the start of the first lane 
Pedestrian crossing 
direction 

From the first lane to the second 
lane 

From the first lane to the second 
lane 

Speed reduction LOW HIGH 

Residual standard error 0.8394 on 42 degrees of freedom 

Multiple R-squared 0.8759 

Adjusted R-squared 0.8523 

F-static 37.07 on 8 and 42 DF 

P-value 2.2 x 10-16 
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4.2 Model Validation 367 
The linearity and normality checks were then conducted further validate the model. 368
 369 
Autocorrelation test = Durbin  Watson test 370 
The Durbin Watson value was obtained as 1.5676 (Between 1.5 and 2.5) 371 
 372 
Normality test = Anderson  Darling test 373 
The value obtained was 0.69203 along with a P value of 0.06658(>0.05)  374 
Therefore there is no serial correlation between the residuals and the residuals are normally 375 
distributed  376 
The correlation coefficient was obtained as 0.77 which is acceptable for the obtained model.   377 
So, the model was completely validated thereby with satisfying all the relevant statistical 378 
checks and assumption in regression analysis 379 
 380 
The speed reduction model for the subjected vehicle on the mainstream traffic flow is shown 381 
in equation 5.  382 
 383 
Speed reduction = - 0.92267 + 2.00213A  0.61438B + 0.02769C  0.71932D                    (5) 384 
                                0.63098E + 1.33752F + 0.60614G + 0.317869H 385 
 386 
Where, 387 
A = Acceleration (m/s2) 388 
B = Deceleration (m/s2) 389 
C = Distance travelled by the subjected vehicle (m) 390 
D = Idling time (s) 391 
E = Pedestrian speed at the start of the vehicle speed drop (m/s) 392 
F = Speed gap of start and end (m/s) 393 
G = Subjected Lane (near/far) 394 
H = Vehicle type                         395 
                               396 
 397 
 398 
 399 
 400 
 401 
 402 
 403 
 404 
 405 
 406 
 407 
 408 
 409 
 410 
 411 
 412 
 413 
 414 
 415 
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5. CONCLUSIONS   416 

417
In this research, regression modelling technique was used to introduce a speed reduction model 418 
for the speed variation occurring to the subjected vehicle on the mainstream due to illegal 419 
crossing pedestrians on urban and suburban areas on road sections without center median 420 
barriers. The collective vehicle and pedestrian characteristics in a jaywalking situation, 421 
influencing to the speed reduction were identified and analyzed descriptively in this study.  422 
The speed reduction of the subjected vehicle on the mainstream mainly depend on the variables 423 
such as the acceleration, deceleration, distance travelled by the subjected vehicle, idling time, 424 
pedestrian speed at the start of the vehicle speed drop, subjected lane and the vehicle type. The 425 
analysis shows that the acceleration, idling time and the speed gap of start and end are extremely 426 
significant whereas the distance travelled by the subjected vehicle, pedestrian speed at the start 427 
of the vehicle speed drop are very significant and the deceleration, subjected lane and the vehicle 428 
type are moderately significant towards the collective speed reduction of the subjected vehicle 429 
on the mainstream traffic flow.  430 
This study is the first study that has been done considering the vehicle and pedestrian 431 
characteristics such as acceleration, deceleration, speed and gaps while introducing a 432 
straightforward speed reduction model in heterogeneous traffic conditions. Accordingly, this 433 
study will be useful to estimate the collective speed reduction from such vehicle and pedestrian 434 
characteristics in straight road sections. Moreover, the results of the study will be useful to 435 
identify the speed reduction by excessive jaywalking pedestrians in identified zones and to 436 
implement potential developments to the road infrastructure in order to enhance the level of 437 
service and the safety of pedestrians.  438 
  439 
 440 
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