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Abstract 

Road traffic crashes are the second leading cause of death and injuries among different age groups. The 

Federal Road Safety Commission reported that Nigeria has the Africa’s highest rate of fatality from 

automobile accident. Thus, this study aimed at carrying out a statistical assessment of road traffic 

casualties in Nigeria. The data used in this study is a secondary data collected from Federal Road Safety 

Corps Statistical Digest for the period 2004-2020. Exponentially Weighted Moving Average (EWMA) 

and two factor analysis of variance were used in analyzing the data. The EWMA control chart scheme 

was compared by varying the weighted parameter (0.25, 0.50 and 0.75). It was observed that EWMA 

control chart is sensitive in detecting a small shift in the process however, it was noticed that higher 

weights assigned to current data on road traffic casualties support smoothing than low weights, and so the 

higher the weights the better values of EWMA obtained for the datasets. Also, it was discovered that the 

mean reported cases of road casualties were higher in North-Central, South-West and North-West geo-

political zones. Based on these findings, it was recommended that higher weighted parameters should 

often be used since it provides a more-smooth trend of EWMA values which may be employed for 

forecasting purpose. Also, the Federal Road Safety Commission and other road traffic agencies who are 

in charge of road safety activities should increase their earnest effort by deploying more Road Safety 

officers to strategic locations on the high ways, particularly in the North Central Zone of Nigeria as this 

will aid in reducing the cases of road casualties in the area. 

 

Keywords: Control chart, EWMA, weighting factors, ANOVA, road traffic casualties 

 

1. Introduction 

Injuries account for around 5% of all deaths worldwide, with road traffic accidents accounting 

for a major share of them (Huda et al., 2010) [4]. Road traffic crashes are also the second 

leading cause of death among young people aged 5 to 29 years, and the third leading cause of 

death among those aged 30 to 44 years i.e. during their most productive age (World Health 

Organization, 2004) [11]. However, emerging countries account for a disproportionate share of 

these collisions (Agrawal, 2012; Oginni et al., 2009) [1, 8]. In this environment, over two-thirds 

of all global injuries occur (Fatmi et al., 2007) [3]. Similarly, road traffic casualties account for 

around 85% of deaths and 90% of yearly disability adjusted life years lost in these countries 

(WHO, 2004) [11].  

The Nigerian Federal Road Safety Commission, reported that Nigeria has Africa's highest rate 

of fatality from automobile accidents, outnumbering 43 other countries in terms of deaths per 

10,000 vehicle incidents (FRSC, 2006, Obinna, 2007) [12].  

Control charts using an exponentially weighted moving average (EWMA) are a good 

alternative to Shewhart control charts for detecting minor persistent process alterations 

(Montgomery, 1991) [13]. EWMA charts have a long history, although their qualities have only 

lately been analyzed analytically. In contrast to the Shewhart type Charts which are based on 

information about the current observations, EWMA charts make use of information about the 

current as well as historical observations by adopting a varying weight scheme, assigning 

highest weight to most recent observations and weights decreasing exponentially for less 

recent observations. This helps in earlier detection of small shifts in process (location and scale 

parameters) (Montgomery, 2001) [6].  
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They were first introduced by Roberts (1959) [14]. (Crowder 

1987; Lucas and Saccucci 1990) [15, 16]. In some forecasting 

and control applications, the EWMA is also known to exhibit 

optimum features (Box, Jenkins, and MacGregor, 1974) [17].  

There is paucity of studies that apply exponentially weighted 

moving average to monitor shift in road traffic crashes most 

especially in the context of developing countries like Nigeria. 

Fawaya, Ogunwale & Adeniran (2017) carried out a 

comparative analysis of daily Road Traffic Crashes casualties 

in Osun state of Nigeria using two quality control schemes 

identified as exponential Weighted Moving Average and 

Poisson Cumulative sum (CUSUM) control chart techniques. 

The findings revealed that both techniques are capable of 

detecting small shift from mean level but Cusum is more 

sensitive. Similarly, Braima, Osanaiye, Omaku, Saheed and 

Eshimokhi (2014) conducted a study which aimed at 

designing a EWMA control chart in monitoring road traffic 

crashes in Ilorin, Kwara State. The findings revealed that 

EWMA control chart scheme is sensitive in detecting small 

shift in the process but more sensitive in detecting shift in the 

process mean with higher weighted parameter. 

On the other hand, Hunde and Aged (2015) [5] carried out a 

statistical analysis on road traffic car accident in Dire Dawa 

administration City, Eastern Ethiopia. Two factor analysis of 

variance was employed in analyzing the data. The findings of 

the study revealed that the occurrence of accident depends on 

human factor, vehicle characteristics, road characteristics and 

environmental characteristics. Vicente, Rex Aurelius & Ma 

Janice (2021) [10] carried a study which aimed at analyzing 

road traffic accident criticality in Calabarzon Philippines. 

One-way ANOVA was employed in analyzing the data of the 

study it was found that there was no statistically significant 

mean difference between the criticality of a road accident and 

(drivers’ gender and vehicle type). However, there was a 

statistically significance mean difference between the 

criticality of road accident and (driver age group, province, 

day and time of accident). Similarly, Oguagbaka (2019) 

carried out a statistical analysis of road accidents in Anambra 

State, Nigeria. The Kruskal-Wallis statistical tool was used in 

analyzing the data sets of the study. Findings of the study 

revealed that serious accidents have the highest rank followed 

by minor and fatal has the least. However, there was no 

statistically significant mean difference among the categories 

of road accident (Fatal, Serious and Minor).  

The existing body of literature is exposed to a number of 

limitations in terms of scope and context of this work, which 

this study attempts to address. In terms of context, this study 

seeks to address the paucity of studies on the application of 

EWMA control charts in monitoring road traffic crashes with 

special emphasis on casualties (number killed and number 

injured). In terms of scope, this study will extend the coverage 

of the application of EWMA with specific focus on the 

selection of weighting parameters that may be suitably 

exploited in monitoring road traffic casualties to cover the 

entire States in Nigeria. Thus, this study will expand the 

generalization of studies on the subject as suggested by 

previous studies. In furtherance of the above, the present 

study also employed the two-factor analysis of variance to test 

for significance mean difference in the reported cases of road 

traffic casualties in the six-geopolitical zones in Nigeria.  

 

2. Material and Methods 

The EWMA control chart is used to monitor the process mean 

by plotting: 

𝑧𝑡 = 𝜆�̅�𝑡 + (1 − 𝜆)𝑧𝑡−1, 0 < 𝜆 < 1      (1) 

Versus time t,  

 

Where  

𝜆 = is a constant which is the weight assigned to the current 

observation 

𝑧0 = is the starting value mostly set equal to an estimate of the 

process mean given as 

 �̿� Calculated from previous data.  

�̅�𝑡= is the sample mean from time period t  

𝑧𝑡 = is the plotted test statistic  

 

The EWMA test statistic defined in (1) can be used to track 

any process parameter of interest. The EWMA test statistic is 

proved to be an exponentially weighted average of all prior 

observations by writing out the recursion in (1). When the test 

statistic 𝑧𝑡 falls outside the range of the control limits on an 

EWMA chart, the process is considered out of control. 

The Upper control limit (UCL), Centre Line (CL) and the 

Lower Control Limit (LCL) for the EWMA control charts are 

given respectively as: 

 

𝑈𝐶𝐿 = 𝜇0 + 𝐿𝜎√
𝜆(1−(1−𝜆)2𝑖

(2−𝜆)
       (2) 

 

𝐶𝐿 = 𝜇
0
           (3) 

 

𝐿𝐶𝐿 = 𝜇0 − 𝐿𝜎√
𝜆(1−(1−𝜆)2𝑖

(2−𝜆)
       (4) 

 

Where 

𝜎 is the standard deviation of the object 𝑥𝑖 

L is the width of control limit 

When the sample means fall within the control boundaries, 

the process is said to be under statistical quality control with 

regard to the process mean. If, on the other hand, the samples 

surpass the control limit, the procedure is not under statistical 

quality control. 

The term 𝜆(1 − (1 − 𝜆)2𝑖 tend to unity as i increase. The 

implication of this is that the EWMA control has been 

running for several time periods, the control limits will 

approach steady state values. 

  

𝑈𝐶𝐿 = 𝜇0 + 𝐿𝜎√
𝜆

(2−𝜆)
         (5) 

 

𝐶𝐿 = 𝜇0           (6) 

 

𝐿𝐶𝐿 = 𝜇
0

− 𝐿𝜎√
𝜆

(2−𝜆)
         (7) 

 

When creating an EWMA control chart, the following two 

parameters must always be selected: 

1. The weight given to the most recent rational subgroup 

value is the first parameter, w. The value of w must 

satisfy 0 < w < 1, however the optimal value is a question 

of personal preference for the researcher. 

2. The control limits are established by the second 

parameter, sigma limit q, which is a multiple of the 

rational subgroup standard deviation. 

 

In this study, w and q were chosen according to Neubauer 

(1997), who developed a graphical approach for finding the 

Average Run Length (ARL) for a EWMA control chart. As 
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shown in Figures 1 and 2, the weighting factor "w" can be 

calculated as a function of the chart's required shift 

sensitivity. For a shift of 1.50, 2.50 and 3.00 standard 

deviations, a weighting factor of 0.25, 0.50 and 0.75 can be 

obtained from the chart as shown in figure 1. Setting ARL at 

15, using figure 2, the sigma limit (q) was obtained to be 2.40, 

2.50 and 2.59. 

 

 
 

Graph 1: Optimal w for EWMA charts according to the shift d from Neubauer (1997) 

 

 
 

Graph 2: Determining the limit q of the EWMA chart after selection of w and the nominal ARL 
 

The data used in this study were obtained from Federal Road 

Safety Corps (FRSC) statistical Digest. The data were on road 

traffic casualties (number killed and number injured) from 

2004-2020 covering the entire 36 of the Federation including 

Abuja, the Federal Capital Territory.  

 

Two Factor Analysis of Variance 

Factorial design was also used to analyze the reported cases of 

road traffic casualty in Nigeria. The researchers intend to test 

for significant mean difference in the reported cases of road 

traffic casualties (number killed and number injured) in the 

six geopolitical zones. According to Oyeka (2013), a two-

factor analysis of variance model comprising of factor A and 

B with interactions between these two factors, given as: 

 

𝑦𝑖𝑙𝑗 = 𝜇 +∝𝑖+ 𝛽𝑗 + 𝜆𝑙𝑗 + 𝑒𝑖𝑙𝑗  

 

Where 

 𝑦𝑖𝑙𝑗 is the 𝑖𝑡ℎ observation at the 𝑙𝑡ℎ level of factor A and 𝑗𝑡ℎ 

level of factor B; 𝜇 is the overall mean, ∝𝑖 is the effect of the 

𝑙𝑡ℎ level of factor A, 𝛽𝑗 is the effect of 𝑗𝑡ℎ level of factor B; 

𝜆𝑙𝑗 is the interaction effect between the 𝑙𝑡ℎ level of factor A 

and 𝑗𝑡ℎlevel of factor B; 𝑒𝑖𝑙𝑗 are the independent and normally 

distributed error which has constant variance, for 𝑖 =
1,2, . . , 𝑛𝑖𝑗, 𝑙 = 1,2, … 𝑎, the “a” levels of factor A; 𝑗 =
1,2, … 𝑏 the “b” level of factor B, subjects to the constraints: 

∑ ∝𝑖
𝑎
𝑙=1 = ∑ 𝛽𝑗

𝑏
𝑗=1 = ∑ 𝜆𝑙𝑗

𝑎
𝑙=1 = ∑ 𝜆𝑙𝑗

𝑏
𝑗=1 = 0  

The layout of two factorial design is given as below: 

Table 1: ANOVA Table for Two Factor Classification) 
 

Source of Variation DF SS MS F – Ratio 

A (a-1) 𝑆𝑆𝐴 𝑀𝑆𝐴 =
𝑆𝑆𝐴

(𝑎 − 1)
 𝐹𝐴 =  

𝑀𝑆𝐴

𝑀𝑆𝐸
 

B (b-1) 𝑆𝑆𝐵 𝑀𝑆𝐵 =  
𝑆𝑆𝐵

(𝑏 − 1)
 𝐹𝐵 =  

𝑀𝑆𝐵

𝑀𝑆𝐸
 

AB (a-1)(b-1) 𝑆𝑆𝐴𝐵 𝑀𝑆𝐴𝐵 =  
𝑆𝑆𝐴𝐵

(𝑎 − 1)(𝑏 − 1)
 𝐹𝐴𝐵 =  

𝑀𝑆𝐴𝐵

𝑀𝑆𝐸
 

ERROR ab(r-1) 𝑆𝑆𝐸 𝑀𝑆𝑒𝑟𝑟𝑜𝑟 =  
𝑆𝑆𝐸

𝑎𝑏(𝑟 − 1)
  

Total abr – 1 𝑆𝑆𝑇    
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3. Results and Discussion  3.1 Exponential Weighted Moving Average 

 

 
 

Fig 1: EWMA Control Chart for number killed with W = 0.25 

 

 
 

Fig 2: EWMA Control Chart for number killed with W = 0.50 

 

 
 

Fig 3: EWMA Control Chart for number killed with W = 0.75 
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From the EWMA chart presented in Figure 1, 2 and 3 above, 

it was observed that the process is out of control for the three 

values of W, that is 0.25, 0.50 and 0.75 and out of control 

points decreases as the values of w increase. For w = 0.25, 

fifty out of control points were detected, when w was increase 

to 0.50, thirty (30) out of control signals were detected and 

when w = 0.75, twenty-seven out of control signals was 

notice. Thus, in this study it is observed that the low weight 

w=0.25 is more sensitive or faster in detecting shift away 

from the mean (out of controls signals) as compared to higher 

weight. Again, it may be observed that the higher the 

weighted parameter, which is subject to the standard value of 

spread chosen for the dataset; the closer the EMWA values 

are to the mean.  

From the two statements above, stop gap weight values are 

required to serve as tradeoff between too sensitive an EWMA 

control chart and smoothing for monitoring number of those 

killed in road accident across the country. It may be further 

assessed from the graphs that higher weights assigned to 

current data encourages smoothing than low weights, so the 

higher the weights the better values of EWMA obtained for 

the dataset. 

These out of controls points corresponds to different State in 

the various years under the study. For instance, all the three 

charts detected the first out of control signal at point 25 which 

corresponds to Lagos State in the year 2004. However, point 

130 in the three charts which correspondents to Kaduna State 

in 2007 has the higher number of road casualties (number 

killed).  

 

 
 

Fig 4: EWMA Control Chart for number injured with W = 0.25 

 

 
 

Fig 5: EWMA Control Chart for number injured with W = 0.50 
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Fig 6: EWMA Control Chart for number injured with W = 0.75 

 

The EWMA control charts for road traffic casualties (number 

injured) with w = 0.25, 0.50 and 0.75 were presented in 

Figure 4, 5 and 6 respectively. It was observed that lower 

weight detected higher out of control signal as compared to 

higher weights. With w = 0.25, seventy-two out of control 

signals were detected, w = 0.50, thirty-five out of control 

signals were detected and when w = 0.75, twenty-seven out of 

control signals were detected. However, the first out of 

controls signals differs for the three different values of w. The 

first out of control signal for w = 0.25 was at point 327 which 

corresponds to Oyo State in 2012; for w = 0.50 was at point 

348 which corresponds to Federal Capital Territory in 2013 

and for w = 0.75 was at point 25 which correspond to Lagos 

State in 2004. The other out of control points corresponds to 

different States in the various years under study. In addition, 

the point 361 for w = 0.25 indicates the highest number of 

person injured and this point corresponds to Niger State in 

2013. Furthermore, the point 348 for weight 0.50 and 0.75 

indicates the highest number of person injured and this point 

also corresponds to Abuja, the Federal Capital Territory in 

2013. Thus, the process is out of control for the three values 

of W that is 0.25, 0.50 and 0.75.  

Again, it is noticed that higher weights assigned to current 

data of those injured, support smoothing than low weight, and 

so the higher the weight the better values of EWMA obtained 

for the dataset on the cases of individuals injured in road 

crashes across the country. 

 

3.2 Two Factor Analysis of Variance 

 
Table 2: Results of Two Factor Analysis of Variance 

 

Source of Variation DF Adj. SS Adj. MS F-Value P-value 

Geo-Political Zone (GPZ) 5 22600086 4520017 31.03 0.000 

Casualties 1 55880409 55880409 383.58 0.000 

Geographical Zone * Casualties 5 10652686 2130537 14.62 0.000 

Error 1232 179479517 145681   

Total 1243 272387477    

Source: Researchers’ Computation using Minitab 

 

Table 2 presents the result of a two‐factor fixed effects 

between-subjects analysis of variance (ANOVA) that was 

conducted to evaluate whether there is a significance mean 

difference in the reported cases of road casualties in the six 

geo-political zone. (North-East, North-West, North-Central, 

South-East, South-South and South-West). The output 

presented in Table 2 revealed an F(5, 1232) = 31.03, p-value 

= 0.000 < 0.05. This suggest that a statistically significant 

difference was found in the reported cases of road casualties 

in the six geo-political zone in Nigeria. Also, the F(1, 1232) = 

383.58, p-value=0.000 <0.05 indicates that there is a 

significance mean difference in the reported types casualties. 

In addition, the F(5, 1232) = 14.62, p-value = 0.000 shows 

that there is statistically significance interaction between 

Road casualties and geographical Location. The post hoc test 

using Tukey was used in separating the mean. 

 
Table 3: Results of Tukey Pairwise Comparison for Geo-Graphical Zone 

 

Geo-Graphical Zone (GPZ) Mean Grouping 

North-Central 545.866 A 

South-West 505.574 A 

North-West 454.808 A 

North-East 264.637 B 

South-South 237.975 B 

South-East 211.459 B 

Source: Researchers’ Computation using Minitab 

Note: Means that do not share a letter are significantly different 
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The result in table 3 presents the GPZs in the order of increase 

in mean value of cases road casualties, which again, indicates 

that there is no statistically significant difference in the 

reported cases of road traffic casualties in North-Central 

(NC), South-West (SW) and North-West (NW). Similarly, 

there was no statistically significant difference in the reported 

cases of road casualties in North-East (NE), South-South (SS) 

and South-East (SE). However, it can be observed that the 

mean reported cases of road traffic casualties in North-

Central, South-West and North-West were higher compared 

to North-East, South-South and South-East.  

 

 
Table 4: Results of Tukey Pairwise Comparison (Interaction between GPZ and Casualties) 

 

GPZ*Casualties Mean Grouping 

NC Injured 901.42 A 
     

SW Injured 793.471 A B 
    

NW Injured 713.455 
 

B 
    

NE Injured 402.697 
  

C 
   

SS Injured 360.5 
  

C  
  

SE Injured 330.4 
  

C   
 

SW Killed 217.676 
   

D   

NW Killed 196.161 
   

D E  

NC Killed 190.311 
    

E  

NE Killed 126.576 
     

F 

SS Killed 115.451 
     

F 

SE Killed 92.518 
     

F 

Source: Researchers’ Computation using Minitab 

Note: Means that do not share a letter are significantly different 

 

Table 4 presents the results of post hoc analysis using Tukey 

pairwise comparison for interactions between geo-graphical 

location and casualties. It was observed that the mean 

reported cases of road casualties were higher in NC, SW and 

NW geo-political zones. In addition, cases of injuries resulted 

from road accident were higher in NC and SW geo-political 

zones while, number of persons killed through road accident 

were higher in SW and NW geo-political zones. 

 

4. Conclusion and Recommendations: Exponentially 

weighted moving averages and two factor analysis of variance 

were used to analyze the data on road traffic casualties from 

2004-2020 in Nigeria. Based on the findings of the study, it 

was concluded that road traffic casualties in Nigeria exhibit 

out of control signals with the North central states taking the 

lead beyond the upper control line. Higher weighted 

parameters were seen to be fit in providing better values of 

EWMA for both datasets to assess road causalities across the 

country. Also, the reported cases of road traffic casualties 

(numbers killed and numbers injured were higher in the 

North-Central Geopolitical Zones notably in Abuja, FCT and 

Niger State.  

 

Based on this findings, the following recommendations 

were made 

1. The study recommends that higher weighted parameters 

should be often be used since it provides a more-smooth 

trend of EWMA values which may be employed for 

forecasting purpose. 

2. The Federal Road Safety Commission (FRSC) and other 

road traffic agencies who are in charge of road safety 

activities should increase their earnest effort by deploying 

more Road Safety officers to strategic locations on the 

high ways most especially in the North Central Zones of 

Nigeria as this will aid in reducing the cases of road 

casualties in the area 

3. The FRSC should ensure that road users adhere to traffic 

rules so as to ensure that Nigeria roads are under proper 

check and safe for all road users. 

4. The road users on their own side should ensure adherence 

to rules and also ensure that their vehicles are fit for use 

in high ways.  
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