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Objectives
This study aimed to explore the internal structure of the Pediatric Weakness Scale (PWS) through factor analysis,

classify pediatric weakness patterns using hierarchical clustering, and evaluate a machine-learning-based predictive
model for clinical screening.

Methods

PWS responses from 326 children aged 6-9 years without organic diseases were analyzed. Factor analysis (principal
axis factoring and varimax rotation) was used to extract seven latent factors. These factor scores were used for hierarchical
cluster analysis (Ward’s linkage method and Euclidean distance), resulting in ten clusters each. Cluster characteristics
were compared using Multidimensional Fatigue Scale (MFS), Korean Child Behavior Checklist (K-CBCL), Korean
version of Children’s Eating Behavior Questionnaire (K-CBEQ), respiratory infection history, and growth indices.
Machine learning models were trained to predict clusters based on factor scores, and their performance was evaluated
using 10-fold cross-validation.

Results

Seven factors were identified: respiratory health, general condition, ocular health, emotional regulation, gastrointestinal
function, nutrition, and sleep-related nervous system sensitivity. Ten distinct clusters were derived: healthy children;
severe, moderate, and mild complex weakness; liver - lung weakness; emotional dysregulation - heart weakness; neurosensitive
heart weakness; and Spleen, Lung, and Kidney - specific weakness. Among the classifiers, the nonlinear support
vector machine achieved the highest accuracy (0.890).

Conclusion
This study suggests a new classification and prediction model for pediatric weakness based on PWS data. These
results support the potential for early screening and personalized health strategies in pediatric care.
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I . Introduction
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Table 1. The General Demographic Characteristics

Boys Gitls Total
Number 170 156 326
Age 7.98 + 7.96 = 0.87 7.97 + 0.88
Height (cm) 129.90 + 8.75 129.75 + 8.95 129.83 + 8.83
Height percentile (%) 51.68 + 3248 53.52 + 31.86 52.56 + 32.15
Weight (kg) 2943 + 6.61 28.72 + 6.30 29.09 + 6.46
Weight percentile (%) 46.99 = 31.03 49.44 + 30.86 48.16 + 30.93
Total fatigue score (MEFS) 7629 + 13.64 7841 + 14.94 77.30 + 14.29
Food approach (K - CBEQ) 36.65 + 11.89 3445 + 10.72 35.60 + 11.38
Food avoidance (K - CEBQ) 44.63 + 9.97 43.39 = 8.90 44.04 = 948
Frequency of URTI 221 = 235 211 = 2.32 2.16 = 2.33
Frequency of LRTI 1.18 = 1.58 1.23 + 1.55 1.20 + 1.56
Duration of respiratory infections 5.28 + 3.49 5.33 = 3.54 5.30 = 3.51

MES, PedsQLTM Multidimensional Fatigue Scale; K - CEBQ, Korean version of the Children’s Eating Behavior Questionnaire; URTI, Upper Respiratory

Tract Infection, LRTI, Lower Respiratory Tract Infection
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Table 2. Mean Scores of the Pediatric Weakness Scale and its Subscales
PWS Boys Girls Total

Total score of PWS 2752 = 1658 2348 = 16.22" 2559 + 1651

Total score of Liver weakness 411 = 3.59 3.60 = 3.69 3.87 + 3.64

Total score of Heart weakness 5.57 = 4.29 490 + 4.09 5.25 + 4.20

Total score of Spleen weakness 496 =+ 393 + 375 447 + 3.86

Total score of Lung weakness 573 + 436" 453 + 414" 5.15 + 4.30

Total score of Kidney weakness 7.15 = 3.87 6.53 = 3.80 6.85 = 3.84

PWS, Pediatric Weakness Scale; ~, p - value < 0.05
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Table 3. Factor Loadings of 30 Items of Pediatric Weakness Scale

PWS F1 F2 F3 F4 F5 F6 F7
Frequent congestion of the eyes 0.15 007 077 018 0.2 0.1 0.01
Feeling fatigue in the eyes 0.28 0.23 0.59" 0.22 0.14 0.14 0.05
Frequent eye disease 0.28 0.24 0.62" 0.05 0.03 0.16 0.07
Frequent cramps and spasms 0.29 0.3 0.34 0.15 0.16 0.06 0.2
Frequent fallings and sprains 0.32 0.42" 0.25 0.25 0.15 0.03 0.21
Weak nails and toenails 026 046 034 012 009 013 0
Frequent sleep talking and crying during sleep 0.35 0.08 0.26 0.26 0.25 0.21 0.28
Frequent waking and crying during sleep 0.34 0.23 0.18 0.12 0.3 0.24 0.57"
Easily gets angered 0.24 0.08 0.15 0.84" 0.1 0.15 0.09
Hard to concentrate and easily distracted 0.16 0.27 0.12 0.55° 0.16 0.13 0.06
Frequent nail bites 0.07 0.36 0.17 0.36 0.07 -0.02 0.07
Sensitive and nervous 0.16 0.29 0.13 0.64" 0.13 0.18 0.23
Frequent abdominal pains 0.25 0.23 0.21 018 064 013 006
Frequent gas on the stomach 0.28 0.34 0.21 0.18 0.55" 0.16 0.06
Frequent nausea and vomiting 04" 0.38 0.19 0.2 0.15 0.13 0.34
Frequent diarrhea 0.23 0.52" 0.18 0.17 0.44" 0.12 0.16
Frequent dizziness and headache 0.06 0.6 0.23 0.24 0.27 0.05 0.24
Frequent motion sickness 0.19 041" 0.05 0.12 0.07 0.08 0.06
Easily gets colds and does not get well 0.7" 0.05 0.13 0.15 0.26 0.11 -0.07
Frequent coughing at night and dawn 0.55" 0.19 0.34 0.22 0.2 0.08 0.08
Coughing due to cold wind and food 0.66" 0.26 0.17 0.21 0.02 0.21 0.06
Frequently develops sputum 0.51" 0.34 0.28 0.17 0.15 0.11 -0.06
Complications (sinusitis, otitis media, and asthma) after experiencing colds ~ 0.44" 0.38 0.23 0.08 0.17 0.04 0.11
Frequently swollen tonsils 0.5" 0.31 0.29 0.03 0.11 0.06 0.02
Smaller than their peers 0.06 -0.01 0.14 0.05 0.07 0.67" -0.03
No appetite and picky eating 0.14 0.2 0.07 018 009 063 004
Vulnerable to cold weather 041" 042 004 026 ol 03 017
Cold hands and feet 0.24 045 0.09 0.18 031 0.32 -0.11
Slow growth of teeth 0.22 0.32 0.15 0.13 0.09 0.29 0.03
Good adaption to environmental changes (R) -0.05 0.02 -0.01 0.05 -0.04 -0.05 0.28

PWS, Pediatric Weakness Scale; F, Factor; R, Reverse - scored items;

Factor loading > 0.40
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Table 4. Key Items by Factor in the Pediatric Weakness
Scale (Factor Loading = 0.4)

Factor Pediatric Weakness Scale Factor loading
Easily gets colds and does not get well 0.7
Coughing due to cold wind and food 0.66
Frequent coughing at night and dawn 0.55
Frequently develops sputum 0.51

Factor
Frequently swollen tonsils 0.5

Complications (sinusitis, otitis media, and

asthma) after experiencing colds 04
Vulnerable to cold weather 0.41
Frequent nausea and vomiting 0.4
Frequent dizziness and headache 0.6
Frequent diarrhea 0.52

Weak nails and toenails 0.46

Fa;“’r Cold hands and feet 0.45
Vulnerable to cold weather 0.42
Frequent fallings and sprains 0.42
Frequent motion sickness 0.41
Frequent congestion of the eyes 0.77

Fax;tor Feeling fatigue in the eyes 0.62
Frequent eye disease 0.59

Easily gets angered 0.84

Fac4tor Sensitive and nervous 0.64
Hard to concentrate and easily distracted 0.55
Frequent abdominal pains 0.64

Facstor Frequent gas on the stomach 0.55
Frequent diarrhea 0.44

Factor Smaller than their peers 0.67
6 No appetite and picky eating 0.63
Fac7t0r Frequent waking and crying during sleep 0.57
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Factor1 Factor2 Factor3 Factord. FactorS. Factor6. Factor?

Figure 1, Correlation matrix between factor scores
derived from Pediatric Weakness Scale
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Figure 2. Dendrogram from hierarchical cluster analysis based on factor scores
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Figure 3. Heatmap of mean factor scores by cluster
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Table 5. Comparison of Mean Scores of Pediatric Weakness Scale by Cluster

Cluster10  Cluseter9  Cluster8  Cluster7

Cluster6

Cluster5  Cluster4  Cluster3  Cluster2  Clusterl

PWS total 383 + 9 258 + 7.2 294 + 154 23.6 + 9.7

+ 9 426 =

74 23.7 £ 115292 + 145 564 + 16 85 = 5

PWS Liver 67 £25 35 +19 3629 32+26 39 =

26 44 +£23 1514 74 +33 87 +44 06 = 1.1

PWS Heart 82 + 27 73 =38 57 +38 3529 57 32 89+ 12 104 =38 47 +32 121 + 44 1.7 = 1.7

PWS Spleen

74 +23 41 +18 76 +36 33 +26 45+ 22

47 £24 33 +35 43 =31 12232 12 =+ 17

PWS Lung 7.5 + 2.1

46 +31 57 +41 78 +31 45 +25 11.7 +25 26 +19 66 +45 116 + 42 1.1 + 1.5

PWS Kidney 85 + 25 65 =22 68 36 57 24 104 =

29 129 + 46 61 £46 63 =35 119 £ 36 39 =2

PWS, Pediatric Weakness Scale

Table 6. Comparison of Mean Scores of Multidimensional Health Indicators by Cluster

Cluster10  Cluseter9  Cluster8 Cluster7 Cluster6 Cluster5 Cluster4 Cluster3 Cluster2 Clusterl
Number 35 19 31 32 7 11 44 20 88
MES - T 43.6 £ 56 504 +7.6 496 +87 546+ 63 48 =77 417 =8 483 96 493 +98 333 £ 119 568 + 69
TBP - T 532 + 133 50 = 132 518 + 11.8 457 + 7.2 511 =75 591 + 33 575 = 124 496 + 15 673 + 159 432 = 87
FAp - T 54 + 123 52 +99 508 + 103 514 + 95 +83 512+ 12 488 + 125 481 + 74 548 + 124 488 = 9.1
FAv - T 522 =94 519 =92 481 + 94 462 + 88 558 + 10.6 65.6 = 12.6 467 = 102 493 + 79 584 + 11.1 458 + 74

URTI - T 498 + 8 498 =117 49 + 106 549 = 131

1 +119 554 +69 509 +58 532 =113 504 = 9.1

46 + 61

LRTI - T 498 + 84 511 =91 498 +92 519 =104 502 =

91 515+ 11 487 =76 532 + 122 554 + 113 464 = 9

DRI - T 488 +52 501 =89 499 78 53587 494 =064 675 + 268 481 =56 505 =85 556« 202 468 = 74

Height (%) 616 + 30.6 51.6 + 255 62.1 = 282 674 + 288 403 =

3.6 275 = 143 46 = 365  56.6 = 33 47.6 + 387 47.8 = 319

Weight (%) 50.2 + 26.6 45.7 = 268 55.1 + 286 694 + 266 246 =24 254 + 263 473 = 375 541 = 308 50.1 + 367 467 = 299

BMI (%) 43.6 + 288 428 = 324 483 + 298 649 = 29.1 261

+ 281 314 + 312 569 = 351 52 =303 532+ 342 535 + 324

T, T score; MES, PedsQLT“ Multidimensional Fatigue Scale; TBP, Total behavior problems; FAp, Food Approach; FAv, Food Avoidance; URTI, Upper Respiratory
Tract Infection; LRTI, Lower Respiratory Tract Infection; DRI, Duration of Respiratory Infections; BMI, Body Mass Index
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Table 7. Overall Classification Performance of Each Machine Learning Algorithms

Model Precision Recall F1 Score Accuracy
ERT 0.844 = 0.052 0.831 = 0.045 0.822 = 0.044 0.831 = 0.045
SVM (linear) 0.856 = 0.082 0.844 = 0.072 0.837 + 0.078 0.844 = 0.072
SVM (nonlinear) 0.888 = 0.074 0.890 = 0.062 0.880 = 0.070 0.890 = 0.062
KNN 0.878 + 0.058 0.865 = 0.057 0.856 = 0.059 0.865 = 0.057
Milogit 0.843 = 0.077 0.831 = 0.070 0.823 + 0.074 0.831 + 0.070

ERT, Extremely Randomized Trees; SVM, Support Vector Machine; KNN, K - Nearest Neighbor;

A UETE Tk 37 A ellM= A, Als W
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AA| 71%5¢] AdbE A$HE A|AVSHE Factor 29+ PWS
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FTATE 31 Cluster 25 A& 23S 7
et on, & 57k MAled ¢alEls (BRT, SVM
(linear), SVM (nonlinear), KNN, Mlogit)"ﬂ oisf 10 -
fold WAHSS Sl B Ae= RISt (Table
7). SVM (nonlinear) 2&o] 7F4 31 A5 RS
™ HET (Accuracy) 0.890 + 0.062, FHDE (Precision)
0.888 = 0.074, AFE (Recall) 0.890 + 0.062, F1 H
(F1 - score) 0.880 + 0.070°& UERZTE 1 FE ©]o]
KNN 2&lo] &% 0.865 + 0.057, F1 HF 0.856 =

0.059% F& As2 Btk ¥ ERT 2 Mlogic &2

ClusterE

Mlogit, Multinomial Logistic Regression
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IV. Discussion
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