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Figure 2: Injury Level Distribution by Alcohol/Seatbelt Group (All Known Values)

Figure 1: Injury Severity Distribution 100

[ No Apparent Injury 1 suspected Serious Injury
] Suspected Minor Injury I Fatal Injury

o0 o Random Forest Model
o * Overall (Micro-averaged) Metrics
« ROC-AUC: 0.790 — moderate discrimination

This project uses data mining to look at U.S. crash fatality 30 -
data and find important factors that are linked to fatal
injuries. The Fatality Analysis Reporting System (FARS) of
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the National Highway Traffic Safety Administration ; o : . * PR-AP: 0.588 — weak average precision
(NHTSA) showed that there were 37,654 fatal crashes and 15 I * Recall: 0.554 — weak overall true positives
40,901 deaths 1n 2023. The goal of this study 1s to learn o- 21% Class-wise (One-vs-Rest) Performance
more about the behavioral and environmental factors that N .- - + No Injury: ROC-AUC=.790, PR-AP=.575, Recall=.638
lead to roadway injuries by looking at age, alcohol use, . Minor- R(5C- AUC= 6 47° PIi— AP— 322° Re,call= 06 5
reStralnt use and travel Speed n relatlon tO anury Severlty. ) o niury Minﬂrllﬂiur‘f Injury Severitysevere i retalinany ° No Alcohol Alcohol Involved Seatbelt Not Used Seatbelt Used ¢ SGVGI’CI ROC'AUC:.644, PR'AP:. 1 80, Recallz.ozz
= Figure 3: Random Forest Feature Importances Figure 4: Restraint Used Percentage by Age Groups ¢ Fatak ROC-AUC:826, PR-AP:73 6, Recall=.740
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Restraint Use emerged as the most influential predictor

Feature Selection: ANOVA tests were performed to
identify the most influential predictors, keeping only those Travel Speed
that were statistically significant and had meaningful
application potential.

73.2%

Average Restraint Use 68.0%
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(importance = 0.485), contributing more than twice as
strongly as Age (importance = 0.212). This indicates that
whether a driver was restrained had the greatest impact on
predicting fatality outcomes.
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Correlation Analysis: A correlation bar chart summarized
the strength and direction of relationships between key Restraint Used
predictors and 1njury severity.
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Data Visualization: Multiple visual tools were used to

Figure 6: Travel Speed by Injury Severity

investigate trends and patterns Feature Influence: It is notable that Blood Alcohol Content
Modeline: S [ model 410 d o the b Figure 5: Normalized Confusion Matrix (Test Set) o . g contributed less to the decision-making in the Random
0 d'e ne. " e\ffra. mlo de' > vxI:ere .te.steR to et.erml]r;e t.e. est 08 120 { o Forest model than the other factors. One possibility 1s the
predictive family, including LOgIstic Regression, Lecision No Injury 001> 00036 . _ 100 relatively few results that were positive.
Tree, Random Forest, K-Nearest Neighbors (KNN), and 0.7 g
LinearSVC. o g Although 1t might seem like common sense, deaths still
Model Evaluation: Recall. ROC. and Precision-Recall (PR Minor Injury e 0.0074 026 | g o] occur every year due to variables under our control like
oaet Eva uatlc?n. ecla ’ f’ il remm}cl).rll- eC? ( ) E w0- wearing a seat belt and driving an appropiate speed. To
CUTVES WHIE H5E Ctlo leva uate per 3@.3 Hee, WATE CONTUSION o - combat this, more driver training and education could be
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matrices measured class-wise prediction accuracy. T vere niury oo 0 09 needed before a potential driver gets their license.
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t 1dentiln 1 aria ntributed most strongly t : "
If) 0 ’ © G WHICR v ©5 ¢0 {ied MOst Strongly 1o Table 1. Fatality Rates by Alcohol and Seatbelt Use a higher percentage of the data set, the model lost sensitivy
atality outcomes. Fatal Injury 1 0.23 0.024 0.0061 Behavior Combination Total Cases | Fatality Rate (%) to the minority groups. This could be acceptable depending
Injury Status Distribution: The multiclass injury Alcohol + No Seatbelt 1611 89.4 on the application as our primary evaluation metric was
Categories were 81mp11ﬁed to emphasize the most practical No Injury Minﬂrlz:njsryt Trt:el Injury Fatal Injury Alcohol + Seatbelt Used 804 60.4 Recall for Fatal Injury class. Our reasoning 1S that
distinctions — No Injury, Minor Injury, Severe Injury and R No Alcohol + No Seatbelt 7531 64.2 prediciting a Fatality and being incorrect is better than
Fatal Injury. Stratified sampling was applied to maintain No Alcohol + Seatbelt Used 18587 18.3 predicting No Injury and being incorrect.
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test sets, ensuring fair model evaluation. 10 : 10 K3 o oo imoned meaning every crash had a minimum of one fatality.
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T T e T Another direction that overlaps this research is determining
— e A ( Referegces | Fatali 1 FARS). the fault of the crash. While this dataset intentionally omits
National Highway Tra 1c Safety Administration. (2016, November 14). Fatality Analysis Reporting System (FARS). NHTSA. e S -
Charles-linkedin https: ?/ /'www.nhtsa.gov/research-data/fatality-analysis-reporting- sysFem- fars any determination of fault, there are insights to be gained by

looking at things like cell phone usage or weather.
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