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Table 4. Registry of Personal Injuries by Motor Vehicles by Departments of Colombia 2010 to 2020

Vehicles 2.011 | 2.012 | 2.013 | 2.014 | 2.015 | 2.016 | 2.017 | 2.018 | 2.019 | 2.020 Total
Valle 3.743 | 3.582 | 4.159 | 4.117 | 4459 | 4.732 | 5.122 | 4.664 | 4.323 57 42.359
Antioquia 3.525 | 2.976 | 2.704 | 2.516 | 2.363 | 2.749 | 2.684 | 3.494 | 2.937 58 29.791
Santander 1.739 | 1.629 | 1.787 | 2.639 | 2.726 | 3.146 | 3.725 | 4.339 | 4.254 | 353 27.328
Risaralda 2.811 | 2.853 | 3.250 | 2.719 | 2.771 | 2.704 | 1.938 | 1.899 | 1.823 28 25.513
Cundinamarca | 1.548 | 1.710 | 1.735 | 1.523 | 1.493 | 2.543 | 2.311 | 1.620 | 1.666 1 17.849
Huila 1.337 | 1.210 | 1.018 904 803 | 2.164 | 1.919 | 1.082 | 1.420 3 13.313
Tolima 1440 | 1.750 | 1.712 | 1.659 | 1.549 | 1.670 | 957 371 346 73 12.949
Narifio 1.061 | 1.449 | 1.398 982 849 678 724 282 121 8 8.518
Bolivar 794 798 762 634 759 1.019 | 1.180 814 966 3 8.355
Norte d S. 527 641 917 887 992 1.197 | 674 663 526 10 7.612
Cérdoba 847 1.011 851 724 516 1.159 | 577 547 313 13 7.529
Caldas 686 700 641 709 566 1.179 | 925 560 266 11 6.943
Atlantico 389 367 442 671 843 979 826 673 607 18 6.181
Quindio 407 240 822 919 632 605 819 723 488 31 6.084
Meta 744 445 582 679 403 597 358 163 173 5 4.955
Cauca 239 182 672 438 717 616 586 622 490 5 4,722
Cesar 265 202 191 334 414 801 465 539 403 2 3.994
Sucre 344 368 373 319 225 274 378 399 320 12 3.410
Casanare 284 350 420 404 451 145 139 14 16 - 2.404
Caqueta 254 266 319 248 207 184 259 164 160 6 2.304
Boyaca 301 238 168 182 148 298 205 97 109 3 2.048
Arauca 257 156 160 124 163 179 267 219 188 43 2.031
Magdalena 143 171 148 152 128 119 81 151 91 2 1.333
San Andrés 194 133 130 141 108 76 70 60 50 1 1.148
Guajira 9 53 34 79 60 56 30 26 57 7 446
Putumayo 66 36 27 13 24 16 35 19 40 1 324
Chocé 9 7 20 - 36 46 41 48 36 - 247
Guaviare 11 15 4 11 4 4 1 4 13 6 86
Amazonas 19 7 11 16 6 1 - - - - 72
Vichada 8 5 8 6 2 6 14 2 7 2 61
Guainia 1 - 1 - 1 - - 2 - - 12
Vaupés - - - 1 - - 1 - - - 2
Total 24.002 | 23.550 | 25.466 | 24.750 | 24.418 | 29.942 | 27.311 | 24.260 | 22.209 | 762 | 249.923

5. Results and Discussion

5.1 Numerical Results

Table 6 has the statistical contrasts of the categorical factors in motorcycle personal injuries for 5 regions: Total
Nacional, Antioquia, Cundinamarca, Santander, Valle del Cauca, in the first Column. The second contains the sources
of the Dates model: Year, “DYY”; week of the year, “DWoY”; day of the month, "DDoM"; day of the week, "DDoW";
These elements of the date decompose the total sum of modeled information, "Model"; the total information is in the
source "Total C." what is total information. The average of modeled squares is in “Mean Squares”; the test statistic is
column "F"; the probability of the statistical test is in column "Pr> F", this is the p-value of each F test on each type
of variable.

The percentage of information that explains each group of variables with respect to the model is in the column: "% of
Model". The percentage of information that explains each group of variables with respect to the total information is
in the column: “% of Total”.

Table 6 contains the statistical contrasts of the relevance of the categorical factors in automobile personal injuries for
5 regions. The explanation is the same as for Table 6. For Table 5 all the models are statistically significant, since the

© IEOM Society International 1468



Proceedings of the 7th North American International Conference on Industrial Engineering
and Operations Management, Orlando, Florida, USA, June 12-14, 2022

p-values have significance lower than p = 0.05. However, not all sets of variables are significant, being the day of the
month "DDoM" the least significant.

Table 5. Registry of Personal Injuries by Motorcycles by Departments of Colombia 2010 to 2020

Motorcycle 2.011 | 2.012 | 2.013 | 2.014 | 2.015 | 2.016 | 2.017 | 2.018 | 2.019 | 2.020 | Total
Valle 1.768 | 1.795 | 2.291 | 2.361 | 2.858 | 3.021 | 3.007 | 2.567 | 2.116 | 145 | 23.513
Antioquia 1.606 | 2.185 | 1.689 | 1.558 | 2.215 | 1.648 | 1.466 | 1.673 | 1415 | 278 17.360
Santander 1.498 | 1.859 | 1.824 | 1.768 | 1.795 | 1.876 | 1.098 | 1.226 | 1.244 89 16.136
Risaralda 972 816 | 1.178 | 1.074 | 1.785 | 1.871 | 1.369 | 933 839 50 11.885
Cundinamarca | 827 741 728 697 725 | 1.187 | 1.017 | 3.316 | 1.129 | 104 11.204
Huila 1.058 | 1.056 | 1.032 | 724 675 754 690 497 506 14 7.995
Tolima 414 414 571 828 509 | 1.251 | 1.113 | 786 838 10 7.154
Narifio 249 144 491 597 935 925 995 839 923 17 6.293
Bolivar 444 795 734 495 647 657 468 350 80 3 5.123
Norte de S. r 262 319 597 737 725 872 368 477 378 7 4.965
Coérdoba 119 96 583 465 699 765 681 692 617 8 4.944
Caldas 491 653 536 476 376 758 488 338 193 55 4.861
Atlantico 393 484 553 529 442 498 260 439 185 43 4.090
Quindio 336 386 546 462 352 228 261 293 145 31 3.380
Meta 289 306 306 393 306 458 302 471 159 32 3.339
Cauca 245 339 278 276 284 518 270 365 227 2 2.994
Cesar 379 278 215 353 266 193 216 196 134 12 2.368
Sucre 196 201 146 215 188 258 210 227 219 77 2.233
Casanare 195 172 250 243 369 401 324 47 9 - 2.161
Caqueta 184 186 214 196 199 193 88 187 117 1 1.712
Boyaca 101 155 145 151 146 154 247 236 197 - 1.681
Arauca 180 159 131 149 99 100 131 111 29 3 1.283
Magdalena 134 105 94 101 65 176 85 56 60 6 987
San Andrés 147 117 138 93 69 43 56 41 57 - 931
Guajira 56 55 82 89 75 40 70 49 14 2 589
Putumayo 27 54 46 59 64 63 61 99 63 31 579
Choco 25 51 69 10 61 76 62 93 63 1 515
Guaviare 36 20 13 10 32 38 10 19 33 3 242
Amazonas 22 45 25 14 10 18 3 1 4 3 179
Vichada 26 22 23 21 18 17 9 2 - - 150
Guainia 18 9 6 4 4 - 4 5 3 2 87
Vaupés - 2 - - - 2 2 - - - 7
Total 12.697 | 14.019 | 15.534 | 15.148 | 16.993 | 19.059 | 15.431 | 16.631 | 11.996 | 1.029 | 150.940

Table 6 identifies what explains 46.51% of the total information for personal injuries with a motorcycle for Colombia
based on the date; in the same way, there are the percentages of explanation, as follows: Antioquia 17.89;
Cundinamarca 31.14%; Santander 20.70%; Valley 32.61%.

Table 7 identifies what explains 51.20% of the total information for personal injuries with a motor vehicle for
Colombia based on the date; in the same way, the explanation percentages are obtained, as follows: Antioquia 39.19%;
Cundinamarca 21.11%; Santander 27.40%; Valley 26.16%.

For the above. In any case, the cyclical components associated with the calendar explain in any case at least 21.1%.
The effect of the year for motorcycle personal injuries is between 65% to 75% of the modeled data. The effect of the
year for personal injuries associated with motor vehicles is higher for all departments at 80%. Therefore, those for
motorcycles are presented in Table 8 are the normal and standardized coefficients for the effect of the year; and the
coefficients of categorical linear regression models for each year are presented in Table 9. Since the coefficients are
all significant for the years.
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Table 6. Significance of cyclicality in Personal Injury by Motorcycle Colombia 2010 to 2020

Region Source GL | Sum of Mean F Pr>F % of Model | % of Total
Squares | Squares
Total DYY 10 143.366 | 14.336,62 | 245,23 | 0,00E+00 72,57 33,94
DWoY 53 24.351 459,46 7,86 | 2,20E-54 12,33 5,76
DDoM 30 4.623 154,11 2,64 | 3,17E-06 2,34 1,09
DDoW 6 24.152 | 4.025,28 | 68,85 | 1,08E-81 12,23 5,72
Model 99 197.550 | 1.995,45 | 34,13 | 0,00E+00 99,46 46,51
Total C. 3946 [ 422.453
Antioquia DYY 10 5.730 573,03 | 55,79 | 1,09E-105 65,75 11,88
DWoY 53 1.182 22,29 2,17 | 2,28E-06 13,56 2,45
DDoM 30 399 13,32 1,30 | 1,29E-01 4,58 0,83
DDoW 6 1.318 219,59 | 21,38 | 7,88E-25 15,12 2,73
Model 99 8.716 88,04 8,57 | 1,27E-105 99,00 17,89
Total C. 3946 [ 48.226
Cundinam DYY 10 17.665 | 1.766,46 | 141,03 | 3,70E-252 81,59 25,29
arca DWoY 53 3.777 71,26 5,69 | 8,55E-35 17,44 541
DDoM 30 203 6,76 0,54 | 9,81E-01 0,94 0,29
DDoW 6 105 17,55 1,40 | 2,10E-01 0,49 0,15
Model 99 21.651 218,70 17,46 |9,02E-238 100,00 31,14
Total C. 3946 [ 69.836
Santander DYY 10 6.972 697,22 | 82,11 |1,39E-153 81,46 16,91
DWoY 53 444 8,38 0,99 | 5,03E-01 5,19 1,08
DDoM 30 296 9,87 1,16 | 2,48E-01 3,46 0,72
DDoW 6 821 136,76 | 16,11 | 2,19E-18 9,59 1,99
Model 99 8.559 86,46 10,18 | 1,40E-130 99,69 20,70
Total C. 3946 | 41.227
Valle DYY 10 16475 | 1.647,52 | 139,54 | 8,57E-250 74,50 24,39
DWoY 53 1.735 32,74 2,77 | 1,64E-10 7,85 2,57
DDoM 30 612 20,41 1,73 | 8,19E-03 2,77 0,91
DDoW 6 3.198 533,07 | 45,15 | 1,16E-53 14,46 4,74
Model 99 22.114 223,37 | 18,92 | 5,74E-258 99,58 32,61
Total C. 3946 [ 67.536

5.2 Graphical Results
Figure 1 shows the coefficients of the categorical variables of the effect for each of the years for personal injuries by
motorcycle and automobile. All the coefficients are significant from the beginning, but no clear trend can be identified
for the behavior from the beginning of the period to the end of the period 2010 to 2020.
Figure 2 presents the Linear Regression Normal Coefficients for Personal Injuries by Week of Year. A slight
decreasing trend can be identified towards the end of the year for both the automotive and motorcycle coefficients.
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Figure 1. Linear Regression Normal Coefficients for Personal Injuries by Year
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Figure 2. Linear Regression Normal Coefficients for Personal Injuries by Week of Year

5.3 Proposed Improvements

The effect of the year on accidents with personal injuries has been identified for the territories and the cyclical behavior
between weeks of the year in such a way that it is possible to define control and improvement points around the
calendar dates for the national total and in a similar way use the coefficients for each of the departments. On the other
hand, the cyclicality could be at the time level or for certain specific risk regions, thus managing certain hours and
place either by redesigning the automotive flow, or by the implementation of other types of measures.

5.4 Validation

Table 10 has the validation statistics for the linear regression models with categorical variables for personal injuries
due to automobiles, and Table 11 for personal injuries due to motorcycles. In most cases and in all models, the degrees
of freedom are 3804 based on 4108 daily records. For both tables, the DW is the Durbin Watson statistic for the search
for first-order serial correlations in the data. In any case, they are higher than 1.75 in Automobiles and with a serial
correlation in Motorcycles for the department of Cundinamarca. The coefficients of determination adjusted in any
case are greater than 0.17 reaching up to 0.51. The p-value for all models is less than p = 0.01
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Table 7. Significance of cyclicality in Personal Injuries by Automobile Colombia 2010 to 2020

Region Source GL | Sum of Mean F Pr>F % of Model | % of Total
Squares [ Squares
Total DYY 10 | 390.888 | 39.088,79 [ 345,64 | 0,00E+00 85,66 44,09
DWoY 53 28.689 541,31 4,79 | 7,38E-27 6,29 3,24
DDoM 30 8.149 271,62 2,40 | 2,92E-05 1,79 0,92
DDoW 6 26.205 | 4.367,50 | 38,62 | 8,72E-46 5,74 2,96
Model 99 [ 456.319 | 4.609,29 [ 40,76 [ 0,00E+00 100,00 51,20
Total C. 3946 | 886.519
Antioquia DYY 10 41.923 | 4.192,30 | 226,96 | 0,00E+00 91,02 36,04
DWoY 53 2.511 47,38 2,57 | 5,10E-09 5,45 2,16
DDoM 30 653 21,76 1,18 | 2,32E-01 1,42 0,56
DDoW 6 494 82,41 4,46 | 1,66E-04 1,07 0,43
Model 99 46.059 [ 465,24 | 25,19 | 0,00E+00 100,00 39,19
Total C. 3946 | 116.324
Cundinam DYY 10 20.691 | 2.069,10 | 80,78 |4,51E-151 80,63 16,81
arca DWoY 53 2.100 39,63 1,55 | 6,93E-03 8,19 1,71
DDoM 30 877 29,25 1,14 | 2,72E-01 3,42 0,71
DDoW 6 2.312 385,32 | 15,04 | 4,33E-17 9,01 1,88
Model 99 25.661 259,20 | 10,12 | 1,95E-129 100,00 21,11
Total C. 3946 | 123.097
Santander DYY 10 16.940 | 1.694,02 | 123,40 | 1,64E-223 85,55 23,52
DWoY 53 953 17,98 1,31 | 6,61E-02 4,81 1,32
DDoM 30 541 18,04 1,31 | 1,18E-01 2,73 0,75
DDoW 6 1.297 216,21 15,75 | 5,97E-18 6,55 1,80
Model 99 19.802 200,02 | 14,57 |4,32E-196 100,00 27,40
Total C. 3946 [ 72.021
Valle DYY 10 37.935 | 3.793,49 |116,24 |9,24E-212 85,88 22,54
DWoY 53 3.455 65,20 2,00 [ 2,68E-05 7,82 2,05
DDoM 30 737 24,58 0,75 | 8,31E-01 1,67 0,44
DDoW 6 1.901 316,88 9,71 | 1,23E-10 4,30 1,13
Model 99 44.174 | 446,20 | 13,67 | 6,01E-183 100,00 26,16
Total C. 3946 | 168.317

Table 10. Statistics of the regressions in Personal Injuries by Automobile Colombia 2010 to 2020

Automovil. Total Antioquia Bolivar Cundina marca | Santan der Valle

R? 0,51 0,40 0,22 0,21 0,27 0,26

R?Adj. 0,50 0,38 0,20 0,19 0,26 0,24

MEC 113,09 18,47 7,08 25,61 13,73 32,64

DW 1,79 1,76 1,75 1,88 2,00 1,79

F 40,76 25,19 10,69 10,12 14,57 13,67
P(F) 0 0 3,267E-138 | 1,9462E-129 | 4,315E-196 | 6,054E-183

Table 11. Statistics of the regressions in Personal Injuries by Motorcycle Colombia 2010 to 2020

Motorcycle | Total Antioquia | Bolivar Cundinamarca | Santander Valle

R? 0,47 0,18 0,19 0,31 0,21 0,33

R2? Adj 0,45 0,16 0,17 0,29 0,19 0,31

MEC 58,46 10,27 3,20 12,53 8,49 11,81
© IEOM Society International
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DW 1,44 1,50 1,80 0,83 1,90 1,87
F 34,133 8,57223 8,997 17,4609 10,1887 18,918
P(F) 0,0E+00 1,3E-105 3,1E-112 9,0E-238 1,4E-130 5,7E-258

6. Conclusion

This work uses the public information and a regression model is implemented using as a factor the year, the week of
the year, the day of the week. In this way, the evolution of the accident rate associated with personal injuries by motor
vehicles and motorcycles are find.

The linear regression model with categorical variables is used for each year and each month within each language, so
the statistics are presented in both Table 10 and Table 11. From there it is identified that the models capture between
19% and 45% of the variability total information this in the adjusted coefficient of determination.

It is identifying that 46.51% and 51.2% of the total information for personal injuries with a motorcycle and vehicle
for Colombia can be based on the date; in the same way, we can observe that the explanation of the date depends of
the region. On the other hand, always higher values of the Bayesian Information Criterion, SBC, are obtained with
respect to the Aikake Information Criterion, which indicates a good fit of the proposed models. As they are categorical
unsaturated models, a quasi-orthogonal design matrix is obtained, with which there are no multicollinearity effects,
given the selection of the data, implying an adaptation of the estimators by ordinary least squares, which is the model
used.
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