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Abstract 

 

Probability theory allowed the development of the probabilistic random 

walk, which is useful to predict the number of cases for epidemics such as 

the deaths caused by traffic accidents. In this investigation, it was wanted 

to confirm the applicability of the probabilistic random walk to predict the 

annual incidence of deaths secondary to road traffic injuries in Connecticut 

and Delaware for 2017 and 2016 respectively. For this, probability spaces 

that consider the incidences of deaths secondary to road traffic injuries as 

probabilistic events as well as the increases and decreases of annual 

incidences were built for Connecticut and Delaware in order to apply a 

quadratic equation thar predicted the number of cases for both states in 

2017 and 2016. It was found that the methodology predicted that for 

Connecticut and Delaware the incidence of deaths were 288 and 123, 

respectively, that when compared with the real values reported, 278 and 

119, obtaining accuracies superior to 96%. Hence, it was confirmed that 

the probabilistic random walk can be applicable to predict with high 

precision the behavior of the incidence of deaths for Connecticut and 

Delaware, suggesting its potential role as an epidemiological surveillance 

tool. 
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Introduction 

According to the World Health Organization, the leading cause of death for people 

between 5 to 29 years is road traffic injuries, generating 1.35 million deaths in 2016 
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although the proportions of deaths relative to the world population have been 

stabilized in recent years. Besides, road traffic injuries are the eight cause of death 

worldwide, surpassing the mortality associated to the HIV infection, tuberculosis 

and diarrheic diseases (World Health Organization, 2018). Given the magnitude of 

deaths and disability associated to road traffic injuries, it has been proposed among 

the Sustainable Development Goals to reduce by half these events (Wangdi et al. 

2017), which requires the implementation of trustworthy methodologies that 

monitor the fulfillment of this goal 

Different methodologies have been developed to predict or simulate the behavior 

of deaths by road traffic injuries. Some of these models are based on nonlinear 

relationships, artificial neural networks or autoregressive integrated moving 

average modelling techniques (Huang et al 2016; García et al. 2018; Ihueze and 

Onwurah 2018). However, these usually rely on several retrospective data and 

different variables, which can make more complex the study of road traffic injuries. 

The results of a given experiment analyzed in the context of probability theory are 

grouped in specific conditions called sample space. The quantification of 

probability of an event in an experiment allows to establish how likely is that a 

certain event happens within the sample space (Feynman et al. 1964; Laplace 

1995). Probability led to the development of the random walk, which is 

characterized for the irregularity of its behavior. This can be imagined as a walker 

that moves from the origin of a coordinate plane towards positive or negative 

values, like a zigzag. This methodology has allowed to predict the behavior of 

apparently chaotic phenomena in different sciences as biology and economics, 

among others (Pearson 1905; Cattoni et al. 2004; Van Kampen 1992; Redner 2001; 

Goel and Richter 1974; Doi and Edwards 1986; De Gennes 1980; Weiss 1994). 

Previously, in the context of theoretical physics and mathematics, a methodology 

based in random walk and probability was developed, being useful to predict the 

trajectories of infectious diseases (Rodríguez et al. 2017; Rodríguez and Correa 

2009; Rodríguez et al. 2018a) such HIV (Rodríguez et al. 2018a) or dengue 

(Rodríguez et al. 2017) but this method has also been applied to predict the death 

rates secondary to traffic accidents (Rodríguez et al. 2020). These numerical 

predictions have been compared with the values reported by official entities, 

obtaining precisions greater than 90%. The purpose of this study is to predict the 

incidence of road traffic injuries for the states of Connecticut for 2017 and 

Delaware for 2016, respectively, through a probabilistic random walk. 

 

 

Methods 

Data source 

Data was taken from the National Highway Traffic Safety Administration 

(NHTSA) database where the deaths secondary to traffic are submitted (NHTSA 

2018). The years 2016 and 2015 were chosen as the years to predict for Connecticut 

and Delaware, respectively, since these values have been officially reviewed and 

fixed by the NHTSA, allowing to conduct more precise comparisons between the 

real values and the ones obtained through the methodology applied. 
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Procedure 

According to the values of death rates reported for Connecticut and Delaware, the 

lengths of the annual variations were established through Equation 1. The values of 

the coordinates in the y axis represent the death rates caused by traffic while the 

variation of the values of time in the x axis represent time, and, given that the annual 

variation remains as a constant, its value is zero. 

𝐿 = √(𝑋𝑓 − 𝑋0)
2

+ (𝑌𝑓 − 𝑌0)
2

 𝐸𝑞. 1 

Where X0 and Y0 are the coordinates for the initial year while Xf and Yf are the 

coordinates for the following year. 

Then, a probability space was established considering each length as a probabilistic 

event. The probability for each length was calculated through the quotient between 

the value of each length and the sum of all lengths (see Equation 2). 

𝑃(𝐿) =
𝐿𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑎𝑛𝑛𝑢𝑎𝑙 𝑣𝑎𝑟𝑖𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑑𝑒𝑎𝑡ℎ𝑠 𝑐𝑎𝑢𝑠𝑒𝑑 𝑏𝑦 𝑡𝑟𝑎𝑓𝑓𝑖𝑐

Totality of lengths
 𝐸𝑞. 2 

Afterwards, another probability space was established by calculating the values of 

probabilities of death rates through Equation 3. 

𝑃(𝑁) =
𝐴𝑛𝑛𝑢𝑎𝑙 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑑𝑒𝑎𝑡ℎ𝑠 𝑐𝑎𝑢𝑠𝑒𝑑 𝑏𝑦 𝑡𝑟𝑎𝑓𝑓𝑖𝑐

𝑇𝑜𝑡𝑎𝑙𝑖𝑡𝑦 𝑜𝑓 𝑑𝑒𝑎𝑡ℎ 𝑟𝑎𝑡𝑒𝑠
 𝐸𝑞. 3 

After this, it was fundamental to determine if the values of probability previously 

obtained had a tendency towards specific values, so the root mean square was 

calculated through Equation 4 as follows: 

𝑃(𝑅𝑛) =
𝐴𝑛𝑛𝑢𝑎𝑙 𝑟𝑎𝑡𝑒 𝑜𝑓 𝑑𝑒𝑎𝑡ℎ𝑠 𝑐𝑎𝑢𝑠𝑒𝑑 𝑏𝑦 𝑡𝑟𝑎𝑓𝑓𝑖𝑐

𝑇𝑜𝑡𝑎𝑙𝑖𝑡𝑦 𝑜𝑓 𝑑𝑒𝑎𝑡ℎ 𝑟𝑎𝑡𝑒𝑠
±

1

2√𝑁
 𝐸𝑞. 4 

From the values obtained in the two previous probability spaces that were defined, 

a third space was established, in order to predict the death rates caused by traffic 

for both states. This space was built from the calculation of an arithmetic average 

of the three previous lengths found between 2014 to 2016 for Connecticut and 

between 2013 to 2015 for Delaware. These averages were taken as well as the sum 

of lengths were all replaced in Equation 5, which provided two results 

corresponding to a range where the value of the prediction is delimited. 

𝑌(𝑡𝑝) =

2𝑌(𝑝) ± √(−2𝑌(𝑝))2 − 4{𝑌2
(𝑝) + (𝑋𝑓 − 𝑋𝑜)2 − [(𝑃(𝐿)2 × (𝑇𝐿)2]}

2
 𝐸𝑞. 5 

Where 𝑌(𝑡𝑝) year to predict and 𝑌(𝑝)previous year 

Finally, in order to establish only one value between the range of the most likely 

values, another probability space was built considering two probabilistic events, 

which are the consecutive increases and decreases of deaths with respect to the 

previous year in periods of two and three years. 

 

Results 

The values of the lengths for the deaths secondary to road traffic injuries in 

Connecticut and Delaware were between 4 to 99 and 1 to 31 respectively (table 1 

and 2). 
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Probabilistic lengths varied between 0.006 to 0.145 and 0.003 to 0.106, 

respectively. The probability of the annual death rates varied between 0.032 to 

0.050 and 0.037 to 0.055 while the values of root mean square varied in a range of 

0.026 to 0.056 and 0.027 to 0.065, finding that a difference between the last ones 

and the expected values varied in a range of -0.006 to 0.006 and -0.001 to 0.001 

(table 1 and 2). The difference among the values of the root mean square obtained 

for the death rates show that the behavior of this dynamic is not equiprobable, but 

it shows a loading of probability, allowing the establishment of predictions (tables 

1 and 2). 

Based on the analysis performed to the probability space of the last three years and 

the application of Eq. 5, two values of the prediction were determined for the death 

rates, which were 273 to 335 and 115 to 147 (data not shown). The determination 

of the most likely event for 2017 and 2016 for Connecticut and Delaware was made 

through the study of the behavior of the frequency and probability of consecutive 

augments (A) and decreases (D) between 1994 to 2016 and 2015, respectively 

(Table 3). 

The analysis of this probability space showed that for two or more consecutive 

years, the number of consecutive A or D varied between 2 and 7, finding that the 

augments for two years have a probability of 0.5 for Delaware, while the number 

of consecutive A or D varied between 2 and 6 with decreases having an overall 

probability of 0.52 (Table 3). When evaluating the possible combinations of A and 

D for a period of three consecutive years it was found that there is a higher 

probability of finding DAD for both Connecticut and Kentucky with probability 

values of 0.556 and 0.3, respectively (tables 4 and 5). 

In order to establish the most likely events for 2017 and 2016 for Connecticut and 

Delaware, respectively, two new arithmetic averages between the values of the 

ranges obtained with equation 5 were obtained, which were 288 and 123. On the 

other hand, the real values were 278 and 119, which means that the methodology 

had a predictive success of 96% and 97% for Connecticut and Delaware, 

respectively. 

 

 

Discussion 

This is the first investigation where the capability of a methodology based a 

probabilistic random walk to analyze and predict the incidence of deaths secondary 

to road traffic injuries for Connecticut and Delaware for 2017 and 2016, 

respectively, was confirmed. The percentages of predictive precision were equal to 

or greater than 96%, which suggest that the phenomenon studied is complex and 

irregular, but it also highlights the existence of an underlying mathematical order 

that allows to obtain accurate predictions. 

Different approaches have come up in recent years in order to predict the behavior 

of road traffic injuries and its outcomes (Huang et al. 2016; García et al. 2018; 

Ihueze and Onwurah 2018). For instance, a modified Smeed equation has been used 

to establish a nonlinear relationship between mortality and the level of motorization 

in a region with the possibility of obtaining simulations for this phenomenon. This 
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method has been useful in countries like China to simulate this variable and observe 

that there are discrepancies between the values reported by the health services and 

the police. However, the high inputs of data and specialized analysis make these 

methodologies hard to implement in some scenarios, although they have been 

proven to be very effective and precise. 

This method, instead, relies only on values for deaths secondary to road traffic 

injuries for the last three years which greatly simplifies the analysis of mortality 

and allows this to be an easily applicable complementary method to predict its 

tendency in time, providing quick and useful information for governments, aside 

from epidemiological considerations such as endemic channels (Hernández et al. 

2016) or adjustments for sex given the acausal and theoretical thinking that led to 

the development of this methodology. Nevertheless, the precision of this method 

can vary according to the quality of data reported, since it has been noticed that 

primary data sources tend to underreport these events (Samuel et al, 2012). 

This acausal perspective in biomedical research has led to the development of 

methodologies that achieve to forecast the binding of peptides to HLA class II 

through entropy and probability (Rodríguez 2008) and predictions of CD4+ counts 

in ranges for patients infected with HIV through probability and set theory 

(Rodríguez et al, 2013). Similarly, diagnostics of heart dynamics have been 

achieved through the Zipf/Mandelbrot law (Rodríguez et al. 2018b) and 

generalizations of the arterial re-stenosis have been developed (Rodríguez et al. 

2010). 

 

 

Conclusion 

The probabilistic random walk allows to predict with high accuracy the incidence 

of deaths secondary to traffic, suggesting its possible role as a public health tool. 
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Table 1. Values of the annual deaths rates caused by traffic in Connecticut between 

1994 to 2016 

 

Year Incidence L  Avg P(L) P(N) RMS + RMS - RMS + P RMS- P 

1994 310     0.046 0.052 0.039 0.006 -0.006 

1995 317 7 A 1.75 0.010 0.047 0.053 0.041 0.006 -0.006 

1996 310 7 D 1.75 0.010 0.046 0.052 0.039 0.006 -0.006 

1997 339 29 A 7.25 0.042 0.050 0.056 0.044 0.006 -0.006 

1998 329 10 D 2.50 0.015 0.048 0.054 0.042 0.006 -0.006 

1999 301 28 D 7.00 0.041 0.044 0.050 0.038 0.006 -0.006 

2000 341 40 A 10.00 0.058 0.050 0.056 0.044 0.006 -0.006 

2001 318 23 D 5.75 0.034 0.047 0.053 0.041 0.006 -0.006 

2002 325 7 A 1.75 0.010 0.048 0.054 0.042 0.006 -0.006 

2003 298 27 D 6.75 0.039 0.044 0.050 0.038 0.006 -0.006 

2004 294 4 D 1.00 0.006 0.043 0.049 0.037 0.006 -0.006 

2005 278 16 D 4.00 0.023 0.041 0.047 0.035 0.006 -0.006 

2006 311 33 A 8.25 0.048 0.046 0.052 0.040 0.006 -0.006 

2007 296 15 D 3.75 0.022 0.043 0.050 0.037 0.006 -0.006 

2008 302 6 A 1.50 0.009 0.044 0.050 0.038 0.006 -0.006 

2009 224 78 D 19.50 0.114 0.033 0.039 0.027 0.006 -0.006 

2010 320 96 A 24.00 0.140 0.047 0.053 0.041 0.006 -0.006 

2011 221 99 D 24.75 0.145 0.032 0.039 0.026 0.006 -0.006 

2012 264 43 A 10.75 0.063 0.039 0.045 0.033 0.006 -0.006 

2013 286 22 A 5.50 0.032 0.042 0.048 0.036 0.006 -0.006 

2014 248 38 D 9.50 0.056 0.036 0.042 0.030 0.006 -0.006 

2015 270 22 A 5.50 0.032 0.040 0.046 0.034 0.006 -0.006 

2016 304 34 A 8.50 0.050 0.045 0.051 0.039 0.006 -0.006 

L: length; Avg: average; P: probability; RMS: root mean square 

 

Table 2: Values of the annual deaths rates caused by traffic in Delaware between 1994 

to 2015 

 

Year Incidence L  Avg P(L) P(N) RMS + RMS - RMS + P RMS- P 

1994 112     0.042 0.052 0.032 0.010 -0.010 

1995 121 9 A 9.00 0.031 0.045 0.055 0.036 0.010 -0.010 

1996 116 5 D 5.00 0.017 0.043 0.053 0.034 0.010 -0.010 

1997 143 27 A 27.00 0.092 0.054 0.063 0.044 0.010 -0.010 

1998 115 28 D 28.00 0.096 0.043 0.053 0.033 0.010 -0.010 

1999 100 15 D 15.00 0.051 0.037 0.047 0.028 0.010 -0.010 

2000 123 23 A 23.00 0.078 0.046 0.056 0.036 0.010 -0.010 
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2001 136 13 A 13.00 0.044 0.051 0.061 0.041 0.010 -0.010 

2002 124 12 D 12.00 0.041 0.046 0.056 0.037 0.010 -0.010 

2003 142 18 A 18.00 0.061 0.053 0.063 0.044 0.010 -0.010 

2004 134 8 D 8.00 0.027 0.050 0.060 0.041 0.010 -0.010 

2005 133 1 D 1.00 0.003 0.050 0.060 0.040 0.010 -0.010 

2006 148 15 A 15.00 0.051 0.055 0.065 0.046 0.010 -0.010 

2007 117 31 D 31.00 0.106 0.044 0.054 0.034 0.010 -0.010 

2008 121 4 A 4.00 0.014 0.045 0.055 0.036 0.010 -0.010 

2009 116 5 D 5.00 0.017 0.043 0.053 0.034 0.010 -0.010 

2010 101 15 D 15.00 0.051 0.038 0.048 0.028 0.010 -0.010 

2011 99 2 D 2.00 0.007 0.037 0.047 0.027 0.010 -0.010 

2012 114 15 A 15.00 0.051 0.043 0.052 0.033 0.010 -0.010 

2013 99 15 D 15.00 0.051 0.037 0.047 0.027 0.010 -0.010 

2014 124 25 A 25.00 0.085 0.046 0.056 0.037 0.010 -0.010 

2015 131 7 A 7.00 0.024 0.049 0.059 0.039 0.010 -0.010 

L: length; Avg: average; P: probability; RMS: root mean square 

 

Table 3. Frequency and probability of consecutive augments (A) and decreases (D) of 

the deaths rates caused by traffic 

 

Connecticut Delaware 

Consecutive years 1994 A A D A D 

2014 V P V P V P V P 

1  7 0.31 6 0.27 6 0.28 4 0.19 

2  2 0.18 1 0.09 2 0.19 2 0.19 

3  0 0 1 0.13 0 0 1 0.14 

4  0 0 0 0 0 0 0 0 

5  0 0 0 0 0 0 0 0 

6  0 0 0 0 0 0 0 0 

7  0 0 0 0 0 0 0 0 

8  0 0 0 0 0 0 0 0 

9  0 0 0 0 0 0 0 0 

Total 22 11 0.50 11 0.50 10 0.476 11 0.52 
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Table 4. Values of incidence, lengths and probability for the three previous years to 

predict. 

 

Connecticut Year Incidence Length Probability 

 2014 248 38 0.40 

2015 270 22 0.23 

2016 304 34 0.36 

  94 0.33 

Delaware Year Nº L P 

2013 99 15 0.31 

2014 124 25 0.53 

2015 131 7 0.14 

  47 0.33 

 

Table 5. Number of possible combinations of augments (A) and decreases (D) for a 

period of three consecutive years of the deaths rates 

 

Connecticut Delaware 

Combinations V P Combinations V P 

DDD 1 0.111 DDD 1 0.1 

DDA 0 0 DDA 0 0 

DAD 5 0.56 DAD 3 0.3 

DAA 1 0.1 DAA 2 0.2 

ADD 1 0.1 ADD 2 0.2 

ADA 1 0.1 ADA 2 0.2 

AAD 0 0 AAD 0 0 

AAA 0 0 AAA 0 0 

Total 9 1 Total 10 1 
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