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(Abstract)

Evaluating the adequacy of facility safety inspection and diagnosis services performed
by private enterprises is a time-consuming and administratively complex process. This
study aims to analyze the determinants that could influence the rating of these safety
inspection and diagnosis services using data analytics approach. Through a comparative
analysis of several machine learning algorithms suitable for multi-class classification,
we selected the model with the best performance (Random Forest) and identified the
main determinants using the permutation importance technique. Among the variables

"won

examined, "contract value," "days of service performed" and "adherence to fair market
value" were found to be strongly correlated with the rating assessments. Furthermore,
we discovered that the skills and expertise of service performing personnel
significantly impacted the rating. The results of this study can contribute to the
enhancement of the current post-evaluation administrative processes and offer valuable
insights into rating assessments by incorporating previously unexplored variables

pertaining to both service providers and the services itself.
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Table 1. Overview of variables
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Fig. 1 Outline of the analysis framework
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Table 3. Descriptive statistics for numerical data

£ Wsy | g7 | xZud| Hag | Hog| 9=
. FoAF
2000 FH_HY | 8.083 1 5328 [11.016 0.818
1000 (log)
ERERG
0 - - — g 0.420 | 0.687 | 0010 | 7 [3.655
sannss 9 >
) - . . 27.365| 24913 | 0 424 | 4.007
Fig. 4 Statistics on the evaluation rating A4
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Table 4. Performance comparison among selected machine learning algorithms

Scaling duEE Accuracy Precision Recall F1-score
XGBoost 0.9465 0.9431 0.9339 0.9385

Random Forest 0.9562 0.9496 0.9367 0.9430

Standard Scaler LightGBM 0.9429 0.9551 0.9303 0.9422
SVM 0.7319 0.5695 0.8186 0.6123

AdaBoost 0.9524 0.9226 0.9453 0.9336

XGBoost 0.9452 0.9508 0.9322 0.9413

Random Forest 0.9572 0.9637 0.9375 0.9500

Min Max Scaler LightGBM 0.9468 0.9618 0.9326 0.9466
SVM 0.5556 0.4673 0.7024 0.4563

AdaBoost 0.9501 0.9094 0.9340 0.9212

XGBoost 0.9491 0.9631 0.9337 0.9478

Random Forest 0.9556 0.9505 0.9351 0.9426

Robust Scaler LightGBM 0.9417 0.9542 0.9283 0.9407
SVM 0.7303 0.5564 0.7927 0.5943

AdaBoost 0.9485 0.9238 0.9301 0.9269




Table 5. Grid search criteria for hyperparameter

tuning
2 g} g & 894 Al gk
. {50, 100, 150,
n_estimators 200, 250} 150
min_samples_split| {2, 3, 4, 5, 6} 5
min_samples_leaf| {1, 2, 3, 4, 5} 1
Random max_features {aut‘o, S art, log2
Forest log2’}
max_depth  [{23, 25, 27, 29, 31| 23
criterion {‘gini’, ‘entropy’} |entropy
class_weight |{none, ‘balanced’}| None
boostrap {true, false} False
. {50, 100, 150,
n_estimators 200, 250) 200
{0.8, 1.0, 1.2,
reg_lambda 14, 1.6) 1.0
{0.01, 0.02,
XGBoost|  "E&-APM o 037004, 0.05)| 004
max_depth {11, 13, 15, 17, 19}| 19
. {0.01, 0.02,
learning_rate 0.03, 0.04, 0.05) 0.04
{0.4, 0.5, 0.6,
colsample_bytree 07, 0.8) 0.7
. {50, 100, 150,
n_estimators 200, 250) 200
max_depth |3, 5 7, 10, 13, 13| 15
learning_rate  |{0.01, 0.05, 0.1, 02}| 0.2
Light num_leaves [{31, 50, 70, 100}| 100
GBM  |min_child_samples| {20, 30, 40, 50}| 30
subsample {0.8, 0.9, 1.0 0.8
colsample_bytree | {0.8, 0.9, 1.0} 1.0
reg_alpha {0, 0.1, 0.5, 1.0} O
reg_lambda  |{0, 0.1, 0.5, 1.0}| 1.0

Table 6. Comparison of model performance after
hyperparameter tuning

438E | Accuracy| Precision | Recall |F1-score
XGBoost 0.9592 | 0.9653 |0.9382| 0.9512
Random Forest| 0.9601 | 0.9704 |0.9418| 0.9555
LightGBM 0.9592 | 0.9652 |0.9384 | 0.9512
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