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and the Performance of Hierarchical Classification Method
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ABSTRACT

The literature has reported that hierarchical classification methods generally outperform
the flat classification methods for a multi-class document classification problem. Unlike
the literature that has constructed a class hierarchy, this paper evaluates the performance
of hierarchical and flat classification methods under a situation where the class hierarchy
is predefined. We conducted numerical evaluations for two data sets; research papers on
climate change adaptation technologies in water sector and 20NewsGroup open data set.
The evaluation results show that the hierarchical classification method outperforms the flat
classification methods under a certain condition, which differs from the literature. The
performance of hierarchical classification method over flat classification method depends
on class similarities at levels in the class structure. More importantly, the hierarchical
classification method works better when the upper level similarity is less that the lower
level similarity.
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(Table 1) Model Performance Measures about \Water Adaptation
Technologies

Hierarchy
Level 1 Level 2 LeYel 2 Flat
(RWH) (Desalination)
Accuracy 0.9537 0.6833 0.8527 0.6680
Precision 0.9580 0.7069 09113 05763
Recall 0.9336 0.6990 0.7027 0.3839
F1 Measure 0.9456 0.7029 0.7935 0.4608
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(Table 2) Flat Classification Model Performance Measures: 4NewsGroup

Hierarchy
Flat
Level 1
Accuracy 0.9081 0.8199
Precision 0.9078 0.8324
Recall 0.9104 0.8146
F1 Measure 0.9091 0.8234

(Table 3) Hierarchical Classification Model Performance Measures:

4NewsGroup
Hierarchy
Level 2(Comp) Level 2(Rec) Level 2(Sci) Level 2(Talk)
Accuracy 0.8224 0.87% 0.8466 0.8622
Precision 0.8255 0.8897 0.8704 0.8664
Recall 0.8707 0.8773 0.7836 0.8831
F1 Measure 0.8475 0.8834 0.8247 0.8746
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(Table 4) Similarity and Classification Performance
Similarity
Label Improvement Ratex
Level 1 Level 2
4NewsGroup
autos—motor -0.0225
autos—SB 0.0139
autos—SH 0.0903
Comp 0.5317 0.5925
motor-SB 0.0287
motor-SH 0.1143
SB-SH 0.1481
OMM-SIH -0.0060
OMM-SMH -0.0042
OMM-WX 0.0259
Rec 0.5494 0.4713
SIH-SMH -0.0208
SIH-WX 0.0074
SMH-WX 0.0101
crypt-elec -0.0528
crypt-med 0.0523
Sci CrYPL space 05823 04949 00161
elec-med -0.019
elec—space -0.0246
space-med 0.0800
PG-PMd 0.1818
PG-PM 0.0578
PG-RM 0.0676
Talk 0.5319 0.5291
PMd-PM 0.0852
PMd-RM 0.0923
PM-RM -0.0194
Water Adaptation Technologies
In-RB 0.2201
RWH In-WS 0.6010 0.7200 0.9360
RB-WS 0.4821
Desalination MP-TT 0.6010 0.7545 0.2586
* Improvement Rate = (performance of hierarchical classification - performance of flat classification) /
flat classification

performance of
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(Appendix)

(Appendix 1) Confusion Matrix of Water Adaptation Technologies: Level 1

Reference
Desalination RainWater Harvesting
Prediction Desalination 676
RainWater Harvesting 9 272
(Appendix 2> Confusion Matrix of RWH Classification
Reference
RWH_In RWH_RB RWH_WS Des_MP
RWH_In A 14 41 2
Prediction RWH_RB 4 57 4 4
RWH_WS 17 41 3
Des_MP 0 0 0

(Appendix 3) Confusion Matrix of Desalination Classification

Reference
Des_MP Des TT RWH_RB RWH_WS Des_MP
Des_MP 562 67 3 30 4
o Des_TT 1 46 0 0 0
Prediction

RWH_In 0 0 0 0

RWH_RB 0 0 0 0

RWH_WS 0 0 0 0

(Appendix 4) Confusion Matrix of Water Adaptation: Non-hierarchical
Classification

Reference
Des_MP Des_TT RWH_RB RWH_WS RWH_WS
Des_MP 561 99 14 61 15
o Des_TT 6 14 0 0 0
Prediction

RWH_In 1 60 23 58

RWH_RB 0 3 13 1

RWH_WS 4 41 4 16
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