Classification Analysis Report - Glass Data Set
Constantin Strinu 
1. Dataset
The Glass dataset contains 214 instances with 9 numeric predictor attributes (RI, Na, Mg, Al, Si, K, Ca, Ba, Fe) and a nominal class attribute, Type, with six represented categories: build wind float, build wind non-float, vehic wind float, containers, tableware, and headlamps. The seventh theoretical category, vehic wind non-float, has zero instances in this dataset and is excluded from all per-class statistics.
2. J48 vs JRip
Training set evaluation
When evaluated on the same data used to build the model, J48 achieves 96.26% accuracy (Kappa 0.9492), while JRip achieves 85.98% accuracy (Kappa 0.8043). These figures are not a fair measure of real-world performance — they mainly show how closely each model fits the data it was trained on. J48 fits almost perfectly (96.26%), which reflects the fact that its pruned tree still has 30 leaves and a total size of 59 nodes for only 214 training instances — enough structure to memorize most of the idiosyncrasies of the training set. JRip's rule set is far more compact (10 rules, including a catch-all default rule for build wind non-float), so it fits the training data less exactly.
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10-fold cross-validation
Cross-validation gives the honest estimate of generalisation performance, and here the ranking of the two algorithms actually reverses: JRip reaches 71.96% accuracy (Kappa 0.612), while J48 falls to 68.69% accuracy (Kappa 0.576). The gap between each algorithm's training accuracy and its cross-validated accuracy is a direct illustration of overfitting: J48 drops by about 27.6 percentage points between training and cross-validation, whereas JRip drops by about 14 percentage points. J48 fits the training data more closely but generalises worse; JRip's simpler rule set generalises better despite being a less expressive model.
Both algorithms share the same weak spot in their confusion matrices: the split between build wind float and build wind non-float. In the J48 cross-validation confusion matrix, 18 build-wind-float instances are misclassified as build-wind-non-float and 10 build-wind-non-float instances are misclassified as build-wind-float — 28 of J48's 67 total errors come from just this one pair of classes. JRip shows the same pattern, with 16 and 11 errors respectively between the same two classes. Both algorithms also struggle badly with vehic wind float: J48 recalls only 5 of 17 instances correctly (TP rate 0.294), and JRip does even worse, recalling only 2 of 17 (TP rate 0.118) — its rule set effectively has no dedicated, well-supported rule for this class, so most vehic-wind-float instances fall through into build wind float or build wind non-float.
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Both algorithms perform comparatively well on containers, tableware, and headlamps: J48 achieves TP rates of 0.769, 0.889, and 0.862 for these three classes respectively, and JRip achieves 0.769, 0.778, and 0.828. This is a first strong hint, confirmed more directly in section 4, that the different end-use categories of glass are chemically much easier to separate than the float/non-float distinction within the same window-glass category.
3. Exploring a wider set of algorithms — Random Forest
Adding Random Forest to the comparison, it clearly outperforms both J48 and JRip on 10-fold cross-validation: 77.10% accuracy, Kappa 0.686. On the training set it reaches a perfect 100% accuracy (Kappa 1.0), which is an expected property of Random Forest — because each individual tree in the ensemble is grown from a bootstrap sample and can fit that sample exactly — and, like J48's training-set figure, this number carries no information about generalisation and should not be quoted as a measure of the model's real performance.
Comparing the three algorithms by their 10-fold cross-validation accuracy: Random Forest (77.10%) outperforms JRip (71.96%), which in turn outperforms J48 (68.69%). Random Forest's advantage is visible across almost every class: it achieves perfect recall on tableware (1.000), strong recall on headlamps (0.862) and build wind float (0.843), and it is the only one of the three algorithms whose weighted-average F-measure exceeds 0.76. Its weakest point remains vehic wind float, where recall is 0.353 (6 of 17 correctly classified) — better than both J48 and JRip, but still clearly the hardest class in the dataset for every algorithm tested.
Based on these three algorithms and cross-validated accuracy, Random Forest is the most effective classifier for the full six-class problem, with JRip as a reasonable second choice, well ahead of the single J48 tree.
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4. Is float vs non-float easier to distinguish than all six glass types?
The cross-validation confusion matrices from all three algorithms point to the same conclusion: yes, and the reason is visible directly in the error pattern rather than requiring a separate binary run to demonstrate it. In every single confusion matrix supplied, the large majority of misclassifications occur between the two window-glass float/non-float pairs — mainly build wind float vs build wind non-float, with vehic wind float also frequently confused with both of those — while the remaining three classes (containers, tableware, headlamps) are classified with consistently high precision and recall by all three algorithms.
For J48, 28 of 67 total cross-validation errors (about 42%) occur between build wind float and build wind non-float alone; if vehic wind float's confusions with those two classes are included, the great majority of all errors are concentrated in this one three-way boundary. For JRip the picture is nearly identical: 16 and 11 errors between the same pair, plus 14 of the 17 vehic-wind-float instances misrouted into one of the other window classes. Random Forest reduces these errors somewhat (9 and 11 between build wind float and build wind non-float) but does not eliminate the pattern.
By contrast, headlamps, containers, and tableware are almost never confused with each other or with the window-glass classes: J48 recalls 0.769–0.889 on these three classes, JRip 0.769–0.828, and Random Forest 0.692–1.000, all comfortably higher than any algorithm's recall on the window-glass classes. This makes chemical sense: headlamps have a distinctly higher barium content, driving the simple rule Ba >= 0.4 => headlamps that appears near-verbatim in JRip's rule set and near the root of J48's tree (Ba <= 0.27 as the very first split). Containers and tableware are separated mainly by calcium, aluminium, and silicon thresholds that don't overlap much with window glass. Float and non-float glass from the same window category, on the other hand, come from the same base recipe and differ mainly in the manufacturing/cooling process rather than composition, which is why no algorithm tested here manages to separate them cleanly — refractive index (RI), magnesium (Mg) and aluminium (Al) are used repeatedly and at very fine-grained thresholds throughout the J48 tree specifically to try to tease these two classes apart, and still leave a large residual error.
Conclusion: yes, distinguishing float glass from non-float glass in general is easier than classifying all six glass types, but only when that distinction is made across categories that are chemically distinct to begin with (e.g. headlamps vs any window glass). The genuinely hard version of the float/non-float problem — separating build wind float from build wind non-float, or vehic wind float from either — remains difficult for every algorithm tested, and is the single biggest source of error in the entire six-class classification task.


5. Summary
· Cross-validated accuracy ranking: Random Forest (77.10%, Kappa 0.686) > JRip (71.96%, Kappa 0.612) > J48 (68.69%, Kappa 0.576).
· Training-set accuracy is not a valid performance estimate for any of the three algorithms — it mainly reflects how closely each model can fit data it has already seen (J48: 96.26%, JRip: 85.98%, Random Forest: 100%), and the gap to the cross-validated figures shows J48 overfits most severely of the three.
· The dominant source of classification error across all three algorithms is the float/non-float boundary within the same window-glass category, not confusion between structurally different glass types.
· Recommended tool for this dataset: Random Forest, on the basis of its 10-fold cross-validation accuracy and its more balanced per-class performance.
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RandomForest

Bagging with 100 iterations and base learner

weka.classifiers.trees.RandomTree —K 0 -M 1.0 -V 0.001 -S 1 -do-not-check-capabilities

Time taken to build model: 0.03 seconds

=== Evaluation on training set ===

Time taken to test model on training data: 0 seconds

=== Summary ===
Correctly Classified Instances 214 100 5
Incorrectly Classified Instances 0 0 5
Kappa statistic 1

Mean absolute error 0.0355

Root mean squared error 0.0777

Relative absolute error 16.7782 %

Root relative squared error 23.9522 %

Total Number of Instances 214

=== Detailed Accuracy By Class ===

TP Rate FP Rate Precision Recall F-Measure MCC ROC Area PRC Area Class
1.000 0.000 1.000 1.000 1.000 1.000 1.000 1.000 build wind float
1.000 0.000 1.000 1.000 1.000 1.000 1.000 1.000 build wind non-float
1.000 0.000 1.000 1.000 1.000 1.000 1.000 1.000 vehic wind float
? 0.000 ? ? ? ? ? ? vehic wind non-float
1.000 0.000 1.000 1.000 1.000 1.000 1.000 1.000 containers
1.000 0.000 1.000 1.000 1.000 1.000 1.000 1.000 tableware
1.000 0.000 1.000 1.000 1.000 1.000 1.000 1.000 headlamps

Weighted Avg. 1.000 0.000 1.000 1.000 1.000 1.000 1.000 1.000

=== Confusion Matrix ===

a b c d e £ g <-- classified as

70 0 0 0 0 0 0| a=build wind float
076 0 0 0 0 0| b =build wind non-float
0 017 0 0 0 0| c = vehic wind float

0 0 0 0 0 0 0| d=vehic wind non-float
0 0 0 013 0 0 | e = containers

0 0 0 0 0 9 0] f£=tableware

0 0 0 0 0 029 | g =headlamps
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Time taken to build model: 0 seconds

Evaluation on training set ===

Time taken to test model on training data: 0 seconds

=== Summary ===
Correctly Classified Instances 206
Incorrectly Classified Instances 8
Kappa statistic 0.9492
Mean absolute error 0.0169
Root mean squared error 0.092
Relative absolute error 8.005 %
Root relative squared error 28.364 3%
Total Number of Instances 214
=== Detailed Accuracy By Class ===
TP Rate FP Rate Precision Recall
0.971 0.007 0.986 0.971
0.974 0.029 0.949 0.974
1.000 0.005 0.944 1.000
2 0.000 2 2
0.923 0.005 0.923 0.923
1.000 0.000 1.000 1.000
0.897 0.005 0.963 0.897
Weighted Avg. 0.963 0.014 0.963 0.963

=== Confusion Matrix
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Time taken to build model: 0.01 seconds

=== Evaluation on training set ===

Time taken to test model on training data: 0 seconds

=== Summary ===

Correctly Classified Instances 184 85.9813 %

Incorrectly Classified Instances 30 14.0187 %

Kappa statistic 0.8043

Mean absolute error 0.0692

Root mean squared error 0.186

Relative absolute error 32.7176 %

Root relative squared error 57.3425 %

Total Number of Instances 214

=== Detailed Accuracy By Class ===
TP Rate FP Rate Precision Recall F-Measure MCC ROC Area PRC Area Class
0.914 0.056 0.889 0.914 0.901 0.853 0.948 0.886 build wind float
0.947 0.130 0.800 0.947 0.867 0.792 0.917 0.786 build wind non-float
0.000 0.000 2 0.000 2 2 0.721 0.136 vehic wind float
2 0.000 2 2 2 2 2 2 vehic wind non-float
1.000 0.005 0.929 1.000 0.963 0.961 0.999 0.978 containers
0.889 0.005 0.889 0.889 0.889 0.884 0.973 0.800 tableware
0.931 0.011 0.931 0.931 0.931 0.920 0.985 0.908 headlamps

Weighted Avg. 0.860 0.066 2 0.860 2 2 0.928 0.796

=== Confusion Matrix ===

a b c d e £ g <-- classified as

64 5 0 0 0 0 1| a=build wind float
272 0 0 0 1 1| b =build wind non-float
611 0 0 0 0 0| c = vehic wind float

0 0 0 0 0 0 0| d=vehic wind non-float
0 0 0 013 0 0 | e = containers

0 1 0 0 0 8 0| f£=tableware

0 1 0 0 1 027 | g = headlamps
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Time taken to build model: 0 seconds

Summary ===

Correctly Classified Instances 147

Incorrectly Classified Instances 67

Kappa statistic 0.5757

Mean absolute error 0.0992

Root mean squared error 0.2796

Relative absolute error 46.8504 %

Root relative squared error 86.1616 %

Total Number of Instances 214

=== Detailed Accuracy By Class ===
TP Rate FP Rate Precision Recall
0.686 0.111 0.750 0.686
0.671 0.217 0.630 0.671
0.294 0.061 0.294 0.294
2 0.000 2 2
0.769 0.015 0.769 0.769
0.889 0.015 0.727 0.889
0.862 0.016 0.893 0.862

Weighted Avg. 0.687 0.122 0.691 0.687

=== Confusion Matrix
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Time taken to build model: 0.03 seconds

Stratified cross-validation ===

Summary ===
Correctly Classified Instances 154 71.9626 %
Incorrectly Classified Instances 60 28.0374 %
Kappa statistic 0.612

Mean absolute error 0.1082

Root mean squared error 0.2589

Relative absolute error 51.0756 %

Root relative squared error 79.7629 %

Total Number of Instances 214

=== Detailed Accuracy By Class ===

TP Rate FP Rate Precision Recall F-Measure MCC ROC Area PRC Area Class
0.743 0.153 0.703 0.743 0.722 0.582 0.830 0.668 build wind float
0.776 0.181 0.702 0.776 0.737 0.583 0.821 0.692 build wind non-float
0.118 0.015 0.400 0.118 0.182 0.183 0.646 0.157 vehic wind float
? 0.000 ? ? ? ? ? ? vehic wind non-float
0.769 0.020 0.714 0.769 0.741 0.724 0.849 0.636 containers
0.778 0.015 0.700 0.778 0.737 0.726 0.872 0.587 tableware
0.828 0.016 0.889 0.828 0.857 0.836 0.924 0.817 headlamps

Weighted Avg. 0.720 0.120 0.704 0.720 0.705 0.600 0.828 0.651

=== Confusion Matrix ===

a b cdef g classified as
5216 1 0 0 0 1| a =build wind float
1159 1 0 2 2 1| b =build wind non-float
10 4 2 0 0 1 0| c=vehic wind float

0 0 0 0 0 0 0| d=vehic wind non-float
0 2 0 010 0 1 | e = containers

0 0 1 0 1 7 0] f£=tableware

1 3 0 0 1 024 ]| g =headlamps
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RandomForest

Bagging with 100 iterations and base learner

weka.classifiers.trees.RandomTree —K 0 -M 1.0 -V 0.001 -S 1 -do-not-check-capabilities
Time taken to build model: 0.1 seconds

Stratified cross-validation ===

Summary ===

Correctly Classified Instances 165 77.1028 %
Incorrectly Classified Instances 49 22.8972 %
Kappa statistic 0.6862

Mean absolute error 0.0989

Root mean squared error 0.2101

Relative absolute error 46.7259 %

Root relative squared error 64.7475 %

Total Number of Instances 214

=== Detailed Accuracy By Class ===

TP Rate FP Rate Precision Recall F-Measure MCC ROC Area PRC Area Class
0.843 0.132 0.756 0.843 0.797 0.693 0.939 0.872 build wind float
0.750 0.130 0.760 0.750 0.755 0.621 0.924 0.860 build wind non-float
0.353 0.020 0.600 0.353 0.444 0.426 0.937 0.541 vehic wind float
? 0.000 ? ? ? ? ? ? vehic wind non-float
0.692 0.015 0.750 0.692 0.720 0.703 0.986 0.902 containers
1.000 0.015 0.750 1.000 0.857 0.860 0.997 0.932 tableware
0.862 0.011 0.926 0.862 0.893 0.877 0.955 0.912 headlamps

Weighted Avg. 0.771 0.094 0.768 0.771 0.765 0.679 0.941 0.851

=== Confusion Matrix ===

a b c d e £ g <-- classified as
59 9 2 0 0 0 0| a=build wind float
1157 2 0 2 3 1| b =build wind non-float
7 4 6 0 0 0 0| c=vehic wind float

0 0 0 0 0 0 0| d=vehic wind non-float
0 3 0 0 9 0 1| e=containers

0 0 0 0 0 9 0] f£=tableware

1 2 0 0 1 025]| g =headlamps




