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Abstract

Objective: This study systematically models and analyzes the dual-track scoring mechanism com-
bining judges’ evaluations and audience voting in the American reality show “Dancing with the
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Stars”. Methods: By constructing a constrained inverse problem model to accurately estimate audi-
ence votes, we compare the advantages of ranking method and percentage method in merging
scores, quantify the impact of contestants’ and partners’ characteristics on competition outcomes,
and design a dynamic weighted scoring system that balances technical fairness and audience en-
gagement. Results: The study demonstrates that the proposed voting estimation model can accu-
rately predict elimination results across all 34 seasons. The ranking method effectively mitigates
fan voting bias compared to the percentage method. Partner effect (17.5%) and contestant age
(11.8%) emerged as core determinants of competition results. The new dynamic weighted + judges’
decision scoring system reduced controversy rates by 55%. Conclusion: This research provides a
quantitative methodology and practical reference for optimizing scoring mechanisms in reality
competition shows.
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Table 1. Consistency validation results of model elimination
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G Vo 52 TRHIR — B —Hx
S1~82 Hes ik y 10/10 100.0%
S3~827 [ERAE %S I 222/222 100.0%
S28~S34 Hes ik H 65/65 100.0%
it — — 297/297 100.0%

ANHETE M8 R DEoR, TolE kB Al S AR € M5 =1(0.150), FAVETK N 0.063~0.068; #i i
PG T AN 5 T 2418.(0.030) 55 K T AR IR IE F(0.068, t =—12.2, p < 0.001), JF R 4 v IR 3k T (1 #5022
LLAB 52 kg 205, RIAT VR A
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Figure 1. Uncertainty analysis of voting estimation
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Figure 2. Heat map of method consistency for 34 quarters x 11 weeks
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Figure 3. Comparison of FII boxplots
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Table 2. Comparison of 3D fairness metrics between the two methods

2. AMTTERN =% QP E AR EE

EiEtan [ERiNE AR He4aik =
PFZAH A (JudgeCorr) 0.854 0.928 +8.7%
Hi AR AP (TechFair) 71.2% 78.5% +7.3 pp
EAMEIKZ (UpsetRate) 8.4% 4.1% —4.3 pp
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WAL T B 22 HEA AL 35 (FRA)EF H A BT “/BIER0%” . UL Bobby Bones A, HAEH 4 Hbik F3F
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4~5 2 (55 3).

Table 3. Impact of the jury decision mechanism on disputed cases

T 3. TPEFORHBIXT L R BRI

P SKEBR AL IR (F o3 L) HeAiE A IR 4 + Bk PR
Jerry Rice 2 2 5~6 —3~4
Bristol Palin 3 4 6~7 —3~4
Bobby Bones 1 3 5~6 —4~5

3.3. EFEFHFIERMIHER
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FHR(r=0.430,p = 0.014), PR 1 7, MRS 3.4 SE 75 5
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Figure 4. Ranking analysis of top dance partner champions
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Figure 5. Correlation analysis between age and ranking

5. FRRS5ZRBBERMED T
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Feature Importance for Placement Prediction

Judge Score 54.2%

Age - 35.5%

Season 9.1%

Region (USA) 1l 1.2%

(') 1I0 2IO 3|0 4I0 SIO
Relative Importance (%)
T BT SRHIES R A I AR R B — 5.

Figure 6. Importance ranking of features
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3.4.1. REFFIRENER

500 RERFRIBEIER, SIAINBOE K R LIRS ESEI T RIF-FETCE 4): HORAFEN
0.145, AHELE 70 LLIEARTE 24%; W4T N 0.262, IRAFEAHKT: B&HEE0N 0551, 4T 0.3~0.6
FOHEARDXE]; PreRsstEl 0.715, #id 0.7 B9 HFRBIE.

Table 4. Comparison of monte Carlo simulation indicators between dynamic weighting system and original system

4. EMFRERERH SR FIRRBIEIRRI L

Ei=tan ERi A7 He4avk A MALE
BAR A 0.117 0.122 0.145
LT R 0.285 0.241 0.262

PSSR 0.612 0.503 0.551
it 0.752 0.689 0.715
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Figure 7. Comparison of skill-ranking correlation in historical data backtesting
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Table 5. Weighting schedule of judges in dynamic weighting system
5. S MERIITFENERE R

L ZR A IR 1M 3 %5 78 10
PFRNE a(r) 42.5% 47.5% 52.5% 57.5% 65.0%
WLRE - a(r) 57.5% 52.5% 47.5% 42.5% 35.0%
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