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Study question and data
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Predict the historical income class >50K

32,537
retained training records

16,255
retained benchmark test records

23.62% of test records belong to the positive class.

Historical, unweighted evaluation. Version 1 already used this test file.



Evaluation design
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1  Preserve the official partitions
Audit duplicate records and cross-partition raw signatures.

2  Group five training folds
Fit imputation, encoding and scaling within each analysis fold.

3  Select by balanced accuracy
Compare 13 trained configurations plus the majority baseline.

4  Refit and evaluate fixed decisions
Use probability >0.5 or an oriented SVM margin >0.



Models and selected settings
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Model Implementation Selected setting

Majority baseline Training prevalence Constant prediction

Ridge logistic glmnet lambda = 0.0001

Decision tree rpart cp = 0.0005

Probability forest ranger, 500 trees mtry = floor(p / 3)

Linear SVM e1071 cost = 10

Training CV preferred forest: 78.32% balanced accuracy vs 78.23% for tree.
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Performance depends on the metric
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Model Accuracy Balanced
accuracy ROC AUC Average

precision

Majority 76.38% 50.00% 0.5000 0.2362

Ridge logistic 84.66% 75.79% 0.8980 0.7354

Decision tree 86.42% 77.92% 0.8910 0.7615

Random forest 86.04% 77.88% 0.9090 0.7933

Linear SVM 84.80% 75.94% 0.8968 0.7357

Balanced accuracy = (recall + specificity) / 2. AUC and AP measure ranking.
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The forest changes the error balance
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Compared with the decision tree

23
more positive records found

85
additional false positives

The forest still misses 1,443 of 3,840 positive records.

Fixed thresholds. No deployment cost model.
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Conditional uncertainty limits the comparison
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Tree minus forest, balanced accuracy

+0.043
percentage points

95% conditional interval: -0.523 to 0.626 points

1,000 paired cluster draws. Fixed models, reused test. Training and selection variability 
excluded. Zero lies inside the interval.
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What the audit corrected
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Record alignment
Consistent record handling replaces mismatched cleaned and raw row indices.

Evaluation leakage
Training folds learn preprocessing and select settings before test scoring.

Score interpretation
Correct score thresholds and continuous inputs support classification and ROC.

Reproducible comparison
Locked R packages, archived code and aggregate evidence preserve the analysis.



Conclusion
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Training cross-validation selected the forest

The tree achieved 86.42% test accuracy. The forest led ranking with ROC AUC 0.9090 
and average precision 0.7933.

The balanced-accuracy difference remains uncertain

Tree minus forest: +0.043 percentage points. The conditional 95% interval spans -0.523 
to 0.626. It establishes neither a clear advantage nor equivalence.

Historical data. Reused test. Conditional uncertainty.



Sources and project resources
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Public repository
github.com/efkopru/income-level-prediction

Methods, evidence and ggplot2 results
Versioned protocol, aggregate tables and downloadable figures

UCI Adult dataset
Becker and Kohavi (1996). DOI 10.24432/C5XW20
Data license: Creative Commons Attribution 4.0

Results shown throughout use the October 8, 2026 version 2 run.

https://github.com/efkopru/income-level-prediction
https://github.com/efkopru/income-level-prediction/tree/main/docs
https://archive.ics.uci.edu/dataset/2/adult

