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Enhancing Random Oversampling for Imbalanced Classification
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Abstract

In classification problems, imbalanced data is a common challenge, as classifiers often exhibit
a tendency to assign new sample points to the majority class. This leads to suboptimal prediction

performance for the minority class. Therefore, it is imperative to mitigate the imbalanced data problem.
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Random oversampling is a simple employed technique to address class imbalance in datasets. Nevertheless,
a subset of the sampled data points may prove inconsequential for the classification process. This research
introduces a novel approach: the Hotelling Important Data Point Oversampling Algorithm (HIDPO),
an improved version of Random Oversampling. This study aimed to compare classification performance
using original data and data from oversampling techniques between Random Oversampling method and the
proposed HIDPO method across 96 simulated scenarios. These scenarios varied in four parameters:
1) imbalance rate (IR), 2) the number of relevant predictor variables (RelVar), 3) the difference in means of
predictor variables between the minority and majority groups (ClassDif), and 4) sample size (n). Logistic
regression models were employed to perform classification tasks. The empirical findings demonstrated that
the HIDPO method yields the highest F-measure in scenarios with minimal differences between the minority
and majority classes, particularly in cases of severe imbalance, which present challenges for classification.

Regarding true positive rate and true negative rate, the HIDPO method yielded moderate values.

Keywords: imbalanced data, random oversampling, Hotelling's T-squared, classification
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Tngaglugiefosas 66.13 - 100.00 uagAn F-measure geanegrsditduddameada Wieldds HIDPO luaniunisel
ClassDif = 1 Tnefiareglutisdesay 30.86 - 47.90 daanunsadudnlnajusiazidlinalsiunnsisiu

e IR = 0.10 A Accuracy uaz TN Rate daulvgjasgean Weidudoyasuin Iny Accuracy agluta
Sowaz 90.77 - 100.00 uaz TN Rate oeflutisiosas 98.85 - 100.00 dm3u TP Rate 38 ROS axgsaniile ClassDif
- 1 Tneiianegluthsiesar 67.72 - 78.72 dwanunisaldudulng 35 HIDPO axlvnalndlAsaiuis ROS
dm3uAn F-measure 38 HIDPO azgagmatnafidodfymisafifiile ClassDif = 1 Tnsdldeglutasiesay 38.17 -
54.86 uazdoyanuiuiidngeanidlo ClassDif = 2, Relvar = 2 daanunisaidu wiazisdlnglfnaliunnsing
i

e IR = 0.20 A Accuracy uag TN Rate dulngjazgean Weiludoyasaiu Tay Accuracy ogflutas

Sovaz 86.19 - 100.00 uaz TN Rate oeflutnsdosas 96.57 - 100.00 dwm3u TP Rate 38 ROS axgeaniile ClassDif
=1, RelVar = 2 lneilAnSouay 72.13 ahuamumiai?}udaﬂmj 78 ROS wagls HIDPO vzggalasilenlndifeaniuy
d1%5UA1 F-measure 35 HIDPO %qaqwas’wﬁﬁ’aﬁﬁ%ﬁa ClassDif = 1, RelVar = 2 lpafia15euay 49.37
\lo ClassDif = 5 Fvianulinalaiunnsinatu duanumsaiBudeyeduiuliirngan nefiroglutiosas 67.43 -
96.24

91nA13797 5 1ile n = 300 wuiuile IR = 0.05 A1 Accuracy uaz TN Rate @ailvigjazgegn Watdudeya
fais Tne Accuracy agluyieTosay 95.52 - 100.00 wag TN Rate agluysosay 99.67 - 100.00 dwsy
TP Rate dnilvigjazgean 1Wold35 ROS Tnweglurisienas 65.13 - 100.00 uazA F-measure gegnogafidodfy
naadd 15eliB HIDPO luanunsal ClassDif = 1 Tnefidreglutisienay 25.36 - 40.37 duanunisaidudiu

Tug) 38 HIDPO TvinalnalAesiuis ROS
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o

Wlo IR = 0.07 A1 Accuracy wag TN Rate daulngjazrgegafioifudoyanaiiu Tag Accuracy oglutas

Sovay 93.48 - 100.00 WAz TN Rate aglutisdoras 99.40 - 100.00 dw3u TP Rate drulngjazgegaiileld3s ROS
Tagoglutsdosay 68.90 - 100.00 uazd F-measure gegnegisiitodfyyeada 1eld3s HIDPO luaniunisel
ClassDif = 1 ua RelVar = 2 lnsfidn¥osay 31,56 duanunmsaBudnilngdoyadufsliiigean

e IR = 0.10 A Accuracy waz TN Rate @anlvigjazgeaniiloidudoyadaia g Accuracy oglurag
Touag 91.49 - 100.00 uag TN Rate aglurisoeay 98.91 - 100.00 @1w3u TP Rate 35 ROS aiau’lmﬂ%gjaam
Tnefidneglugsiosas 70.96 - 100.00 dm3udn F-measure 35 HIDPO azgegnogiduddymaadfiile
ClassDif = 1 uay RelVar = 2 lneilAnsosay 36.67 mufmmmimaumulmg‘uaﬁdammﬂwmqqqm

\le IR = 0.20 A1 Accuracy was TN Rate fiaulwzgwqqqmLﬁaLﬂu%ay‘aﬁguﬁm 1ng Accuracy agluya9
Touag 85.63 - 100.00 wag TN Rate og/luyeiosas 96.57 - 100.00 @13 TP Rate 35 HIDPO dulvajazgs
gousilsdiidfodAgynieada Inedaeglutiosay 73.03 - 100.00 wazdm3UA F-measure 38 HIDPO dwgaanus

Luifideddaiile ClassDif = 1 uaz Relvar = 2 InsdiAnSevay 49.88 druaniunisaldudulvgdoy ammaﬂ,‘w

adUsguazaTUNan1IIY

MMaUSeuiisulssansamnissiuun elideyadui Feyannnisduiudoyasenineds ROS uay
38 HIDPO vudeyadnans wui13s HIDPO Snlsirnsiniegeanedradltodfynisadiluanunisaliifiany
wanAnsutessEnitangudntiosuazngudnilng (Classdif = 1) Suduaaunsalfidanueindenissiuun
Uszian Taglinafiduiiavluanunisaififisnsliiaunaosnann (R fetos) Senndymnssuundsznniy
sonilulifudoyaliauna Arfaussavinmitmzanlunsasiouaunduaisaslidmstaen [17] Keduly
a0 unsaifna 1738 HIDPO Famsnzaulunsifidusanesfufieduifindeyaliiiniwanna nwd 1 wansnis
WisuiiguAinusyavisnmia 4 ism’mﬂﬁagaﬁuﬁu ROS way HIDPO dwisuaniunisal IR = 0.05, ClassDif = 1,

Relvar = 2 uag n = 210 agnuinis HIDPO lridnmsinteviasgn duArindu 4 Tieuiunans

120.00
100.00
80.00

60.00 # original

% ROS
40.00

Performance (%)

1nHIDPO
20.00

s

=

0.00
accuracy TP Rate TN Rate  F-measure

measurement

AN 1 MsiSeuliisu Accuracy, TP Rate, TN Rate wag F-measure sgninadeyanaidy ROS wag HIDPO

dmsuannunsal IR = 0.05, ClassDif = 1, RelVar = 2 wag n = 210
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ogslsfimuiile n = 80 wuin3s HIDPO Lildlvdrnisialegeandmiuaniunisalil ClassDif = 1 fausl
IR = 0.05 fieiiiosnnluanunisaifnan nqududesdidniuioniszum 4 mefieg wazidoutsdoya
HudeyatlnsluamdemiefegiaiivsUszana 3 mhefegns Tnadudwuitesunn msguiindeyaseds
HIDPO Fslvinadndlidesunnineends ROS Jadlofiansanii n = 150 luaamumsaifinaniuds wuiuwadiegng
iR nshlsianstidnutiesndi 5

nsdifingueautiosuasnguarulmyiidadounninafuunn vie ClassDf = 5 msinmuddgvousagie
#eg19sneFs HIDPO axilemamnniiliansnsanuanuddyueasazmisesiedisld Weandeyaiinnuuansing

fuegretmauszniningy daudledinsdamiiediegandsiieenidmmuaruunnaisszninangule il

' v
= v a

aansauansBnsnansenuddgvemilefmegignaniidld uazillonaunniaenuhldiivieiieddlaiag il

AuddymanaEinivuen Felunsdliuil HIDPO azasiminuuudusieanuirzifufiviiuguientu ROS

FeilrlenalndiAeaiuann

Jorauauuz
3% HIDPO (Humadenlumsuitgmnsduuntssinndmsudoyaliauga iesanlidnsiaeni
sapluaniumsalifauuanrsiudes seninsnguarudesuasnguarulve Tuaniunisaliifanaldaunasn
uszavnmauarlilldlengsan uwiluanunsalveanishiaunavesngudutiosuazndudruann friad
winzaumsidansinen
nsfndendauds unssuiumanilsfiastglinsduundssinnivssansamanty Tasamede
Foyaliauna nsszymeiuUsimneiifedeanlflunsaiesuuuazseliannsaaeuwanisinauled
Fonwieatuutaznguld fstelifuuvannsosuundssavldudugtu 18] Tnenssviunsiidudiunds
98438 HIDPO Famsdaidendudsinglindeianzdulsidanuieadesiunisduuntszan agiliannsn

o '

Tapnuddgvendarmileftegnligndeanniu dwiunuddeilaldnisdndenduusiagldadi naasuiinag

U v o W

syautisdidey 0.10 Tmsiimsdnwseluivisresmsaadeninysimngaulunisldsiuduis HDPO
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