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Abstract

This work investigated the relationship that existmong road traffic accident
outcomes in Nigeria namely; total road traffic casefatal accident cases, serious
accident cases, minor accident cases, number ofspes killed, number of persons
injured and total casualty. A historical data offfy-four years period (1960-2013)
were obtained from the Department of Policy, Res#aand Statistics, Federal Road
safety corps FRSC, Nigeria. Multivariate linear regssion technique was adopted to
explore the interrelatedness that exists among thesad traffic accident outcomes in
Nigeria. SPSS, MATLAB AND EXCEL 2010 were used ftire analysis. Each of
these variables was used as response variable whileers variables become the
predictors. It was found that at 95 percent confitenterval, Multicollinearity exist
between total accident cases, fatal accident casesjous accident cases, minor
accident cases. Also strong correlation exists kastw total casualty and the number
of persons killed and number of person injured. Hewer, weak correlation was
found to exist as the response variable is replagg#@rchangeably. From the result it
was seen that every accident case is likely toitfeeeserious or minor accident case.
Hence concerted efforts are needed by all road ss&r comply with road traffic
regulations.

Keywords:Road traffic cases, fatal accident cases, serictident cases, minor accident cases

1.0 Introduction

The relationship among road traffic accident outesrappears not to be well understood for exampbgdident happens,
what is the likelihood that it becomes fatal, sesiominor, persons were killed, persons were idjurecasualty exist. It is
suspected that a causal relationship exist amoesptlariables. And that the accidents causatiocepsotends to have a
pattern which can be reproduced by obtaining samgalkzation. A good understanding of these vadahiill not only help
the policy makers in decision making but will alecourage road users and all stakeholders in camgplyith traffic rules
and regulations. Knowing that each time there i@ad traffic accident, the probability exists ofrieal ranges of losses,
which are not in anybody interest. A handful ofdéture exists on road traffic accidents. Venkatara et al [1] studied the
frequency of occurrence of highway accidents onbthss of a multivariate analysis of roadway geoite{e.g. horizontal
and vertical alignments), weather, and other sedsdffects. The results of their analysis gaveghsinto potential measures
to counter the adverse effects of weather on higtseations with challenging geometrics. KarlafiiglaGolias [2] analyzed
the relationship between rural road geometric attarestics, accident rates and prediction and ofesethat geometric
design variables and pavement condition variabtetbe most important factors affecting accidenésaRelatedly, other
researchers [3-5] studied road traffic accidentslifferent scenarios using multiple linear and Bors regression in their
analysis. They established a relationship betweeannabsolute curvature and mean absolute graderaig as important
variables for accidents rate evaluation. Also midtiand Poisson regression were used in modellaripws accident
parameters such as
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the mortality rates and number of deaths in a fipgoopulation, the relation of demographic, ge@iraal, and temporal
explanatory variables with mortality in differenmsgions, compare age- and sex-specific mortaditgs due to injuries [6,
7]. Other statistical method such as Log-linearasgion, logarithmic transformation and spatiabeatrelation corrected
regression model were employed to study the effeage, period of death and birth in motor vehilertality, demographic
and environmental, pedestrian injuries and fati& f&11]. Furthermore, multivariate linear regiesshas also been applied
in the analysis of road traffic accidents in somgignal areas in Nigeria. Atubi [12] applied mukipegression analysis to
determine the proportion of variation of road tiaficcidents as dependent variable to length olgopresence of road
safety and population as independent variablesagok state between 1970 and 2001, and found tbiaeats increase with
increased length of roads, presence of road safys and population in Lagos state. Also sevechblars [13-15],
employed multiple linear regressions to road tecaffccident characteristics. From the forgoing nevig is evident that
literature abound on road traffic accidents vagabkith respect to various factors ranging frondrolaaracteristics to human
error. However from available literature that exibie interrelatedness among road traffic accidaniables such as fatal
accidents, serious accidents, minor accidents, ruwiperson killed, number of persons injured aoddent casualties has
rarely been explored especially in Nigeria. Hertuis study seeks to analyze the interrelationshipvésen road accident
cases, fatal accidents, serious accidents, mimmdexats, number of person killed, number of persopged and accident
casualties using multivariate linear regression efiody approach.

2.0  Materials and Methods
Road traffic Accidents data covering a fifty-fqel) years period (1960-2013) were obtained froendépartment of Policy,
Research and Statistics, Federal Road Safety Gdrpkgeria (FRSC). The data were categorized irtees road traffic
accident outcomes namely; Total accident casea| &atident cases, serious accident cases, minmeat cases, number of
persons killed, number of person injured and toésualty. According to FRSC, these variables magdiimed as follows;
Fatal Case: A case where at least one deathasdet
Serious Cases: A case where person(s) is/are thiureno death
Minor Case: When no death or injury is recorded
Total Cases = Fatal + Serious + Minor cases
Total Casualty = Persons killed + persons injured
Let
Y = Yotal accident cases T Otal accident cases
X1= Xratal cases Fatal accident cases
X5 = Xserious cases SErious accident cases
X3= Xuinor cases= Minor accident cases
X4= Xno. kitee= Number of persons killed
X5= Xno. injured= Number of persons injured
X6= Xtotal casuaiy= T0tal accident casualty
The general form of a multiple regression model lsarxpressed as
Y = BotBXptPoXot ... HBaXnte (1)
where
Y = dependent variable
X = independent or predictor variable
B = coefficients
¢ = residual error
From equation (2) we obtained the normal equatiand,the corresponding regression param@tes.... .
Computations were manually done and validated uSPP§S and MATLAB software package.

2Y =nBo + B X1+ B Xo+ Bad Xz + Pad Xa+ Bs X X5 +Be2. X6 (2
2X1Y =By X 1+[312X21 P22 X1 X+ Bad X1 X3+ g 3 X1 X4+ sy X1 X5+ g 2 X1Xg (3)
2 XY= By Xot B1d X1 Xo+ ﬁzzxzz + Bay XoX3 + Bad XoX 4+ By XoXs+ BeY XoXe 4)
2X3Y = B X3+ P12 X1 X3+ B2 XoXs + B32X23+ Bay X3Xs+ Py X3Xs + Bg 2 X1 Xg (5)
YXaY = BoyXat B1XX1Xa+ o XoXs + BsXXaXa+ Bay X4+ BsY XaXs+ Bsy XaXs (6)
YXsY = BoyXs+ B1YX1Xst BoY XoXs + BaYXaXs + Bay XaXs + sy X5 + BeXXsXe (7)
Y X6Y= BoyXo+ P1XX1Xet+ B2 XX + BaY XX+ B4y XaX + PsyXsXs + Boy X6 8
And fitted model becomes;
Y = Bo+ PuXy+ PXo+ PaXz+ PaXat Ps Xs + PeXe , 9)
Also the Coefficient of Determination can be expesbas, R= 1 — 2(r-Y) (10)

n(Y-12
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A2
Coefficient of Correlation, R%l - ég:gz (11)

Covariance; COV(X,Y) :W (12)

Pearson correlation coefficieng, & <2 (13)
_ |ZXe—x)?

S = e (14)
_ |Z(%-D?

Sy B n-1 (15)

3.0 Results and Discussion

The relationship between total accident cases| &azEdent cases, serious accident cases, minaestacases, humber of
persons killed, number of persons injured werd fisveloped. Subsequently, the other variables weeel as dependent
variables, in order to determine the multicollingathat exists among the variables.

i. The fitted model equation to predict the relaship between total accident cases (dependentl@yidatal cases, serious
cases, number of persons killed and number of pensgured (independent variables) is given as;

YTotal accident cases -2130 + 0.370 (?&m casez + 2-531(>gerious casgs+ 0.554 (X}o.killed) -0.232 (Xm. injurec) (16)

ii. The fitted model equation to predict the redaghip between fatal cases (dependent variabd¢gd) dccident cases, serious
cases, number of persons killed and number of perisgured (independent variables) is given as;

YFataI cases 2010 + 0.056 Q&al accident cas)s' 0.365 ()gerious cast)s"' 0.649 (Xuo. killed) -0.030 (Xﬁo.injure() (17)

iii. The fitted model equation to predict the r@aship between serious cases (dependent variabla) accident cases, fatal
cases, number of persons killed and number obpermjured (independent variables) is given as;

YSerious cases™ 1611 + 0-337(?&& accident cas)s' 0-321(Xatal case); - 0.004 (Xlo. killed) +0.074 (X]o. injure() (18)

vi. The fitted model equation to predict the redaship between minor cases (dependent variabi¢d] daccident cases, fatal
cases, number of persons killed and casualty (iwiggnt variables) is given as;

YMinor cases— -1611 + 0.663 (?&al accident casas' 0.679 (Xatal casez +0.078 (Xm. kiIIed) -0.074 ()gasualt)) (19)

v. The fitted model equation to predict the relasioip between number of persons killed (dependariahie), total cases,
fatal cases, number of persons injured and minees@ndependent variables) is given as;

YNo. killed = -1671 + -115(}Stal casez + 0-939(Xatal casez + 0-116(anured caseL +0.006 (Xninor casel (20)

vi. The fitted model equation to predict the redaship between number of persons injured (dependanidble), total
accident cases, number of persons killed, fatasasd minor cases (independent variables) is gisen

YNo. injured = 5254+1.724 (%tal casel"' 2.817 (X]o. killed) '3-992(Xatal case); -2.952 (Xninor case); (21)

vii. The fitted model equation to predict the redaship between total casualty (dependent variadohel) fatal cases , minor
cases, humber of persons injured and total accesgs (independent variables) is given as;

Ycasualty: -1670 + 1.116 (%jured case)s"' 0-939(Xatal case); - 0-115(X0tal accident cas)s"' 0-006(Xninor case} (22)
Table 1 shows the correlation that exists betwetai aiccident cases, fatal, serious, minor accidantber of persons killed

and number of persons injured. It was observed dtrahg correlation exist between accident casessarious cases and
minor cases.

Table 1: Summary of Pearson Correlations Matrix for Roadfiar@dccident Variables (1960-2013)

Accident Total Accident| Fatal Serious Minor Number Number

Variables Cases Cases Cases Cases Injured Killed Casualty
Total Cases 1.000 0.260 0.936 0.948 0.590 0.299 0.402
Fatal Cases 0.260 1.000 0.120 0.000 0.787 0.357 0.504
Serious Cases 0.936 0.120 1.000 0.860 0.525 0.411 0.474
Minor Cases 0.948 .000 0.860 1.000 0.360 0.113 0.190
mﬁju”:ggr 0.590 0.787 0.525 0.360 1.000 0.641 0.790
Number Killed 0.299 0.357 0.411 0.113 0.641 1.000 0.977
Casualty 0.402 0.504 0.474 0.190 0.790 0.977 1.000

195



Journal of the Nigerian Association of Mathematic&hysics Volume 35, (May, 2016), 193 — 200
A Multivariate Linear Regression... Oreko, Okiy,Nwobi-Okoyeand Igbhoanugo J of NAMP

Table 4.2: Descriptive Statistics for Road Accident Variah(£960-2013)

Range Min. Max. Sum Mean Std. Deviation| Variance

ACCIDENT
VARIABLES Statistic | Statistic | Statistic | Statistic | Statistic |Std. Error Statistic Statistic
Total Cases 29400 8477 37881 | 1.09x1G | 2.02x1d | 1.08x10 7965 6.34x10
Fatal Cases 6793 193 6986 | 1.78x16 | 3.304x16 | 2.35x1G 1724 2.97x16
Serious Cases 13200 | 4143 17352 | 4.80x16 | 8.89x1G | 3.95x1G 2899 8.401x16
Minor Cases 18700 964 19624 | 4.34x16 | 8.031x16 | 6.89x1G 5064 2.564x10
Number Killed 10300 1083 11382 | 3.34x16 | 6.194x16 | 3.77x1G 2777 7.71x16
Number Injured 33400 | 7771 41165 | 1.12x16 | 2.071x10 | 1.08x10 7999 6.399x10
Casualty 37900 9303 47219 | 1.45x16 | 2.687x10 | 1.36x16 10009 1.002x168

The strong correlation between total accident caselsserious cases and total accident cases arwd ndses shows that
every accident case could likely be serious or mi@enerally, from the correlation matrix in Talfle there is a decent
degree of relationship among the RTA variablescivlis an indicator that the variables could be joted from one another
using regression analysis. This further corrobar#tte work of Atubi [12] who predicted total acaideases in Lagos State
Nigeria using some road traffic variables.

4.0 Conclusion

Being able to find the relationship among roadficadccident variables, as done in this work, isabtely necessary. This is
because the value of a variable could be predisyedinowing the values of other variable. Predictihg values of road
traffic accident variables would be invaluable tivgrnment agencies and emergency services in atqdeparedness and
reduction of fatalities on our roads. As statedNwobi-Okoye [16], the government has to do the dachunk of work
required to reduce road traffic accidents and ttsndant consequences. But the government alonédwat do it all, the
citizens are expected to imbibe the culture of almppasic road safety rules to complement govertrafarts in reducing
road traffic accidents for a better society.

5.0 Appendix
TABLE Al: SUMMARY OF PEARSON CORRELATIONS MATRIX FOR ROAD TRAFFIC ACCIDENTS | N
NIGERIA (1960-1913)

Fatal Serious
Accident Variables | Total Accident Cases| Cases Cases Minor Cases |No. Injured |No. Killed | Casualty

Total Cases 1.000 0.244 0.940 0.950 0.580 0.298 0.399
Fatal Cases 0.244 1.000 0.120 0.550 0.787 0.357 0.504
Serious Cases 0.940 0.120 1.000 0.860 0.525 0.411 0.474
Minor Cases 0.950 0.550 0.860 1.000 0.360 0.113 0.190
No. Injured 0.580 0.787 0.525 0.360 1.000 0.641 0.790
No. Killed 0.298 0.357 0.411 0.113 0.641 1.000 0.977
Casualty 0.399 0.504 0.474 0.190 0.790 0.977 1.000

TABLE A2: DESCRIPTIVE STATISTICS FOR ROAD TRAFFIC A CCIDENTS IN NIGERIA  (1960-2013)

Accident Variables Sum Total Mean Std. Deviation No. Of Period

Total Accident Cases 1091751 20217.6111 8086.43046 54

Fatal Cases 178406 3303.815 1723.59220 54

Serious Cases 479683 8883.0185 2898.50618 54

Minor Cases 433662 8030.7778 5063.49684 54

No. Killed 334472 6193.925 2776.92698 54

No. Injured 1116244 20671.185 7999.38500 54

Casualty 1450716 26865.11 10009.70458 54
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TABLE A3: SUMMARY OF REPORTED ROAD TRAFFIC ACCIDENS IN NIGERIA (1960-2013)
FATAL SERIOUS MINOR TOTAL NO. PERSONS | NO. PERSONS TOTAL
YEAR CASES CASES CASES CASES KILLED INJURED CASAULTY
196C 82€ 906¢E 423¢ 1413C 108: 1021¢ 1129¢
1961 198& 9982 578¢ 1596: 131:c 1061¢4 11927
1962 126¢< 915¢ 589¢% 16315 157¢ 10341 1191¢
1962 967 691¢ 1195C 1983t 1532 7771 9302
1964 911 7371 764%t 15927 176¢ 12581 1435C
196E& 102¢ 7762 811¢ 1690¢ 191¢ 12024 1394:Z
196¢€ 168C 560C 627C 1400¢C 200C 1300cC 1500cC
1967 156C 520C 624C 1300cC 240C 1000cC 1240cC
196¢& 45¢ 586¢ 583¢ 1216:< 280¢ 9474 12282
196¢ 155¢ 519¢ 623C 1299¢ 2347 8804 11151
197C 199¢ 666¢€ 7991 1666¢ 2892 1315« 16047
1971 112¢ 809¢& 851¢ 1774¢ 320¢€ 14592 1779¢
1972 2782 927¢& 1113C 2318: 3921 16161 20082
197¢ 2981 927¢E 1192¢ 2484< 4537 1815« 22691
1974 3467 11557 1386¢ 2889: 499z 1866(C 23652
197¢ 283« 944¢€ 11331 23651 5552 20132 2568«
197¢€ 90¢t 17352 1962¢< 40881 6761 2815¢ 3491¢
1977 424z 1414cC 17334 35351 800C 3002:° 3802:°
197¢& 433& 1444« 1733¢ 36111 9252 2885« 3810¢
197¢ 351¢% 1170¢ 1405C 29271 8022 21202 2922¢
198C 185¢€ 1485¢ 15427 3213¢ 873¢€ 2548« 3422C
1981 405¢ 1351cC 1621<4 3377 1020z 26331 3653¢
1982 4451 1483¢ 1780¢ 3709« 1138Z 2853¢ 39921
1982 385:% 1284« 15412 3210¢ 10462 2686¢ 3732¢
198« 4467 10557 1386¢ 28892 883C 23861 32691
198E 3597 11991 1438C 2997¢ 9221 2385: 3307«
198¢€ 3022 1007¢ 12091 2518¢ 815« 2217¢ 3033C
1987 338E 1128¢ 1354« 2821¢ 7912 22745 3065¢
198¢ 4127 11091 1057« 25792 9077 24412 3349C
198¢ 383¢ 1031« 983t 2398; 871« 2368: 32401
199C 614C 879¢€ 699¢ 2193« 815« 2278¢ 3094(
1991 671¢ 8982 684¢t 2254¢ 952¢& 2450¢ 34032
1992 698¢€ 9324 6554 2286¢< 962C 2575¢ 3537¢
199& 673E 844: 6281 2145¢ 9454 2414¢ 3360C
1994 5407 7522 527¢ 1820¢ 744C 1793¢ 2537¢
199t 4701 727¢€ 5052 1703C 6647 14561 2120¢
199¢ 479C 6964 468¢ 1644: 6364 1529C 2165«
1997 480C 7701 4987 1748¢ 650C 1078¢ 1728¢
199¢& 4757 7081 430C 1613¢ 653¢ 17341 2387¢
199¢ 4621 688¢ 435¢€ 1586¢ 679t 1772¢ 24522
200cC 5287 682C 449¢ 1660¢ 847:% 2067 2915¢C
2001 696¢€ 818¢E 537¢ 2053C 994¢€ 2324¢ 3319¢
200z 402¢ 719C 332¢ 1454« 7407 22112 2951¢
200¢ 391C 7882 257z 1436« 6452 1811¢ 2456¢
200« 327¢& 694¢ 4051 1427< 5351 16897 2224¢
200t 229¢ 414% 262C 9062 451¢ 1577¢ 2029¢
200¢ 260C 555C 964 9114 4944 1739C 2233«
2007 2162 4812 1502 8477 4672 1779¢< 2246
200¢ 3024 5671 264¢ 11341 6661 2798C 34641
200¢ 246C 602« 237C 1085« 569¢ 2727C 3296:°
201cC 238¢ 681¢t 2182 1138¢ 6052 35691 41742
2011 284C 8357 199¢ 1319¢ 6054 4116¢ 4721¢
201z 293t 8277 205C 13262 6092 3934¢ 4544cC
201c 329« 858¢ 170C 1358:¢ 654< 40057 46601

Sources: Department of Policy, Research and Statistederal Road safety Corps (FRSC) 2015.
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