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Supplemental Material
Due to the limitations on the number of figures and tables in the main body of the paper, we only presented the Ensemble model for illustrative purposes and noted that the other models exhibited similar behaviour. In this section, we share the Shapley values of the other classifiers used, providing these additional insights for your reference. First, we present the Shapley values for the three-class setting, followed by those for the four-class setting across different classifiers.
Shapley Values for 3-class setting
Table 1. SHAP values for Artificial Neural Network model
	Predictors
	Classes

	
	OAB
	DV
	N

	Age
	0.0012263
	0.0027541
	0.0015333

	Sex
	0.0014453
	0.0098558
	0.0084666

	Bladder Capacity
	0.2869
	0.087747
	0.23583

	Voiding Pattern
	0.01475
	0.043304
	0.031633

	Pelvic Floor Activity
	0.052895
	0.23744
	0.18455

	Qmax
	0.010341
	0.0071599
	0.0056141

	Voided Volume
	0.01885
	0.019937
	0.0026342

	Residual Volume
	0.017645
	0.075145
	0.058104



N: Normal, OAB: Overactive bladder, DV: Dysfunctional voiding, Qmax: Maximum Flow Rate.


Table 2. SHAP values for Ensemble Trained Linear Classifier model
	Predictors
	Classes

	
	OAB
	DV
	N

	Age
	0.017426
	0.0024345
	0.018513

	Sex
	0.0021872
	0.012933
	0.013565

	Bladder Capacity
	0.76519
	0.089706
	0.59138

	Voiding Pattern
	0.016544
	0.0472
	0.054702

	Pelvic Floor Activity
	0.047717
	0.32633
	0.27107

	Qmax
	0.0094281
	0.0095753
	0.0029849

	Voided Volume
	0.047787
	0.022678
	0.026326

	Residual Volume
	0.014084
	0.078578
	0.095922



N: Normal, OAB: Overactive bladder, DV: Dysfunctional voiding, Qmax: Maximum Flow Rate.

Table 5. SHAP values for Ensemble Classifiers model
	Predictors
	Classes

	
	OAB
	DV
	N

	Age
	0.00312
	0.00476
	0.00266

	Sex
	0
	0
	0

	Bladder Capacity
	0.69982
	0.13485
	0.63922

	Voiding Pattern
	0.01175
	0.05890
	0.05190

	Pelvic Floor Activity
	0.08083
	0.41229
	0.33145

	Qmax
	0.00107
	0.00191
	0.00169

	Voided Volume
	0.03477
	0.01905
	0.01784

	Residual Volume
	0.02612
	0.16280
	0.13864



N: Normal, OAB: Overactive bladder, DV: Dysfunctional voiding, Qmax: Maximum Flow Rate.

Table 4. SHAP values for Gaussian Kernel model
	Predictors
	Classes

	
	OAB
	DV
	N

	Age
	0.019361
	0.019315
	0.017324

	Sex
	0.011603
	0.013316
	0.01376

	Bladder Capacity
	0.20556
	0.067369
	0.14448

	Voiding Pattern
	0.022916
	0.04486
	0.026412

	Pelvic Floor Activity
	0.018351
	0.14855
	0.11972

	Qmax
	0.019354
	0.021433
	0.018018

	Voided Volume
	0.055901
	0.042726
	0.024506

	Residual Volume
	0.027737
	0.078214
	0.061598



N: Normal, OAB: Overactive bladder, DV: Dysfunctional voiding, Qmax: Maximum Flow Rate.

Table 5. SHAP values for Naïve Bayes model
	Predictors
	Classes

	
	OAB
	DV
	N

	Age
	0.010206
	0.018705
	0.0096658

	Sex
	0.0041569
	0.0026493
	0.0028957

	Bladder Capacity
	0.28283
	0.097115
	0.21588

	Voiding Pattern
	0.0099485
	0.042728
	0.035023

	Pelvic Floor Activity
	0.031474
	0.18947
	0.158

	Qmax
	0.029509
	0.023474
	0.013791

	Voided Volume
	0.081471
	0.0629
	0.019413

	Residual Volume
	0.03456
	0.091581
	0.057131



N: Normal, OAB: Overactive bladder, DV: Dysfunctional voiding, Qmax: Maximum Flow Rate.

Table 6. SHAP values for Support Vector Machine model
	Predictors
	Classes

	
	OAB
	DV
	N

	Age
	0.010206
	0.018705
	0.0096658

	Sex
	0.0041569
	0.0026493
	0.0028957

	Bladder Capacity
	0.28283
	0.097115
	0.21588

	Voiding Pattern
	0.0099485
	0.042728
	0.035023

	Pelvic Floor Activity
	0.031474
	0.18947
	0.158

	Qmax
	0.029509
	0.023474
	0.013791

	Voided Volume
	0.081471
	0.0629
	0.019413

	Residual Volume
	0.03456
	0.091581
	0.057131



N: Normal, OAB: Overactive bladder, DV: Dysfunctional voiding, Qmax: Maximum Flow Rate.

Table 7. SHAP values for Decision Tree model
	Predictors
	Classes

	
	OAB
	DV
	N

	Age
	0
	0
	0

	Sex
	0
	0
	0

	Bladder Capacity
	0.31049
	0.091543
	0.2301

	Voiding Pattern
	0.0023115
	0.0050352
	0.0044926

	Pelvic Floor Activity
	0.048395
	0.22818
	0.17979

	Qmax
	0
	0
	0

	Voided Volume
	0.019579
	0.021934
	0.0035094

	Residual Volume
	0.029464
	0.10571
	0.077135



N: Normal, OAB: Overactive bladder, DV: Dysfunctional voiding, Qmax: Maximum Flow Rate.

Overall, the Shapley analysis shows a consistent pattern across models, with bladder capacity emerging as the most influential feature in all classification settings. It is particularly dominant in the AAM and N classes, indicating its key role in the decision-making process.
Pelvic floor activity is the second most important feature, especially in the DI and N classes, contributing significantly to class differentiation. Residual volume and voided volume provide moderate additional contributions.
In contrast, age, gender, and Qmax show consistently low or negligible importance, suggesting limited discriminative value in the current dataset. Overall, the results highlight bladder function and pelvic floor-related variables as the primary drivers of classification performance.

Shapley Values for 4-class setting
In this section, we present the Shapley values obtained from the four-class classification setting. As stated in the main body of the manuscript, the additional fourth class has a low prevalence within the overall population (2.55%). As a result, although the classifiers do not achieve strong performance in predicting this class, its structure, which is a combination of the DV and OAB classes, means that it inherits feature characteristics from both groups.
Accordingly, as also reflected in the Shapley values, this class is influenced by both sides. In particular, bladder capacity, which is the dominant feature for the OAB class, and pelvic floor activity, which is a key feature for the DV group, both show a substantial impact on this class.

Table 8. SHAP values for Artificial Neural Network model
	Predictors
	Classes

	
	OAB
	DV
	DV-OAB
	N

	Age
	0.0014396
	0.0021324
	0.00083526
	0.0015412

	Sex
	0.0021139
	0.0090585
	0.0011904
	0.0081351

	Bladder Capacity
	0.24823
	0.080914
	0.020135
	0.22003

	Voiding Pattern
	0.016502
	0.037706
	0.00086588
	0.024643

	Pelvic Floor Activity
	0.040917
	0.19278
	0.0059822
	0.15784

	Qmax
	0.0079454
	0.0053377
	0.00127
	0.006119

	Voided Volume
	0.03712
	0.036949
	0.003847
	0.0045985

	Residual Volume
	0.031522
	0.097254
	0.0032533
	0.068831



N: Normal, OAB: Overactive bladder, DV: Dysfunctional voiding, DV-OAB: which patients exhibiting simultaneous features of both OAB and DV, Qmax: Maximum Flow Rate.

Table 9. SHAP values for Ensemble Trained Linear Classifier model
	Predictors
	Classes

	
	OAB
	DV
	DV-OAB
	N

	Age
	0.012003
	0.0026642
	0.058947
	0.025604

	Sex
	0.019324
	0.0075549
	0.072179
	0.022766

	Bladder Capacity
	0.53462
	0.069639
	0.15732
	0.52755

	Voiding Pattern
	0.017974
	0.045516
	0.042639
	0.045897

	Pelvic Floor Activity
	0.070697
	0.20242
	0.2218
	0.23325

	Qmax
	0.0090292
	0.016588
	0.0074405
	0.019243

	Voided Volume
	0.020826
	0.021187
	0.12935
	0.081375

	Residual Volume
	0.01745
	0.053905
	0.040518
	0.085298



N: Normal, OAB: Overactive bladder, DV: Dysfunctional voiding, DV-OAB: which patients exhibiting simultaneous features of both OAB and DV, Qmax: Maximum Flow Rate.

Table 10. SHAP values for Ensemble Classifiers model
	Predictors
	Classes

	
	OAB
	DV
	DV-OAB
	N

	Age
	0.00391
	0.00494
	0.00087
	0.00172

	Sex
	0
	0
	0
	0

	Bladder Capacity
	0.29241
	0.09949
	0.02352
	0.23056

	Voiding Pattern
	0.00837
	0.02029
	0.00076
	0.01460

	Pelvic Floor Activity
	0.05752
	0.19756
	0.01395
	0.15399

	Qmax
	0.00230
	0.00200
	0.00030
	0.00146

	Voided Volume
	0.02967
	0.02938
	0.00530
	0.00652

	Residual Volume
	0.03205
	0.10314
	0.00455
	0.07724



N: Normal, OAB: Overactive bladder, DV: Dysfunctional voiding, DV-OAB: which patients exhibiting simultaneous features of both OAB and DV, Qmax: Maximum Flow Rate.

Table 11. SHAP values for Gaussian Kernel model
	Predictors
	Classes

	
	OAB
	DV
	DV-OAB
	N

	Age
	0.018089
	0.014211
	0.014807
	0.02694

	Sex
	0.010713
	0.008961
	0.010047
	0.020796

	Bladder Capacity
	0.22952
	0.036736
	0.073591
	0.25348

	Voiding Pattern
	0.023809
	0.02511
	0.01069
	0.025043

	Pelvic Floor Activity
	0.017949
	0.095284
	0.033805
	0.1118

	Qmax
	0.023677
	0.015493
	0.018551
	0.031744

	Voided Volume
	0.047574
	0.021409
	0.036754
	0.058721

	Residual Volume
	0.022691
	0.039781
	0.014355
	0.05093



N: Normal, OAB: Overactive bladder, DV: Dysfunctional voiding, DV-OAB: which patients exhibiting simultaneous features of both OAB and DV, Qmax: Maximum Flow Rate.

Table 12. SHAP values for Naïve Bayes model
	Predictors
	Classes

	
	OAB
	DV
	DV-OAB
	N

	Age
	0.012083
	0.020732
	0.0026321
	0.011914

	Sex
	0.0098683
	0.0028648
	0.0074193
	0.0041158

	Bladder Capacity
	0.26122
	0.091338
	0.018072
	0.22318

	Voiding Pattern
	0.013233
	0.051264
	0.0067642
	0.037774

	Pelvic Floor Activity
	0.040494
	0.19295
	0.012914
	0.16537

	Qmax
	0.025092
	0.022959
	0.0055035
	0.01403

	Voided Volume
	0.073807
	0.065565
	0.0134
	0.023581

	Residual Volume
	0.035639
	0.090215
	0.0071118
	0.060083



N: Normal, OAB: Overactive bladder, DV: Dysfunctional voiding, DV-OAB: which patients exhibiting simultaneous features of both OAB and DV, Qmax: Maximum Flow Rate.

Table 13. SHAP values for Support Vector Machine model
	Predictors
	Classes

	
	OAB
	DV
	DV-OAB
	N

	Age
	0.039709
	0.014143
	0.050225
	0.03916

	Sex
	0.044018
	0.0057775
	0.036495
	0.047346

	Bladder Capacity
	0.4314
	0.0581
	0.21224
	0.46821

	Voiding Pattern
	0.024942
	0.033755
	0.033647
	0.069779

	Pelvic Floor Activity
	0.042099
	0.11792
	0.17456
	0.18046

	Qmax
	0.051856
	0.025602
	0.028121
	0.019894

	Voided Volume
	0.082664
	0.01739
	0.05511
	0.094573

	Residual Volume
	0.073124
	0.067967
	0.046107
	0.15158



N: Normal, OAB: Overactive bladder, DV: Dysfunctional voiding, DV-OAB: which patients exhibiting simultaneous features of both OAB and DV, Qmax: Maximum Flow Rate.

Table 14. SHAP values for Decision Tree model
	Predictors
	Classes

	
	OAB
	DV
	DV-OAB
	N

	Age
	0
	0
	0
	0

	Sex
	0
	0
	0
	0

	Bladder Capacity
	0.32667
	0.10548
	0.022408
	0.24922

	Voiding Pattern
	0
	0
	0
	0

	Pelvic Floor Activity
	0.068383
	0.21855
	0.016353
	0.16652

	Qmax
	0
	0
	0
	0

	Voided Volume
	0.010924
	0.022169
	0.011244
	0

	Residual Volume
	0.029126
	0.088741
	0.0082558
	0.068628



N: Normal, OAB: Overactive bladder, DV: Dysfunctional voiding, DV-OAB: which patients exhibiting simultaneous features of both OAB and DV, Qmax: Maximum Flow Rate.

In the 4-class setting, bladder capacity and pelvic floor activity remain the most influential variables, reflecting their dominant roles in the OAB and DV classes, respectively. This suggests that the additional class does not introduce entirely new feature patterns, but rather shares underlying characteristics of the existing groups.

Overall Analysis
When both the 3-class and 4-class settings are considered together, a consistent feature hierarchy is observed across all experiments. Bladder capacity consistently emerges as the most influential feature, followed by pelvic floor activity, which remains the second key determinant of class separation.
Residual volume and voided volume provide moderate and supportive contributions across models, while age, gender, and Qmax consistently show low or negligible importance, indicating limited discriminative value within the current framework.
Overall, the findings demonstrate a stable and clinically meaningful feature structure that remains consistent across different classification settings, highlighting the robustness of the model behavior. Additionally, as also stated in the manuscript, these results are consistent with clinical diagnoses.
