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Abstract

Objective: To compare the modeling performance between Linear Regression (LR) and four Machine Learning
(ML) algorithms, namely Decision Tree (DT), Support Vector Machine (SVM), K-Nearest Neighbor (K-NN), and Neural
Network (NN). Methods: Data were obtained from 88 pharmaceutical Design of Experiment (DOE) studies published
between October 2021 and October 2022, retrieved from PubMed and Scopus databases. The raw data were used to
construct models using RapidMiner Studio 10, and model performance was evaluated by the coefficient of determination
(R?). Statistical significance was tested using Kruskal-Wallis test. Results: Across all DOE types, K-NN and DT models
achieved significantly higher mean R? values than LR, while NN and SVM performed comparably to K-NN and DT but
without statistical differences. In the Central Composite Design, K-NN, NN, and SVM models showed significantly higher
R? than LR, whereas DT performed similarly to LR. For the Full Factorial Design, K-NN and DT yielded significantly
higher R? than LR, and K-NN also outperformed NN and SVM, while NN and SVM were comparable to LR. In the
Mixture Design, no significant difference in mean R? was observed between LR and any ML algorithms, indicating similar
overall model performance. Conclusion: The study demonstrated that ML techniques—particularly K-NN, NN, and DT—
can effectively enhance modeling performance in pharmaceutical DOE, yielding higher R? values than LR in several
DOE types, including All DOE types, Central Composite Design, and Full Factorial Design. Although no clear difference
was found in Mixture Design, the findings highlight the potential of ML methods to improve experimental data analysis
and serve as promising tools for formulation design in future pharmaceutical research.

Keywords: Design of Experiment, Machine Learning, Linear Regression, Pharmaceutical Formulation
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3111 4. Sunulddsuiiieny 8 sanseanuuLNMINARY

TumaSoufisudads R? nanmsiensiuaadlae
@1’13’1\1171' 3 911 Kruskal-Wallis Test W13 ber X*=62.2,
df=4, uaz P < 001 L§A931 f1Lade R maagjﬁ un
wWisuifisunuededas 1 6 Sanuuandrsnuadnadl
WUFAYNIRDE (@797 3)
n13tdSuuifisusieg (DSCF Pairwise
comparison) Wu31 DT #61 R2 §4n91 LR 821 K-NN
LAz SVM i1 R2 g4nd1 LR adnilvadmagyn1eaia
(P = 0.004, < .001 W&z 0.003 A1N&GV) LR He1 R2 ¢

o @

11 K-NN, NN Lz SVM agsiisudazy (P < .001 9n

M137197 3. SNy R 186529319 LR uaz
aanasNuvwad ML NNTiaU8INITENULILNINARDY
(All DOE types)

Aoy w P
DT LR 5.00 0.004*
DT K-NN -7.34 < .001*
DT NN -1.48 0.833
DT SVM -5.08 0.003*
LR K-NN -9.63 < .001*
LR NN -5.55 <.001*
LR SVM -7.10 <.001*
K-NN NN 4.99 0.004*
K-NN SVM 1.58 0.799
NN SVM -2.65 0.333

1: Shapiro-Wilk Test, W=0.808, P< .001
2: Kruskal-Wallis test: X* =62. 2, df=4, P<0.001,
€2=0.0579

f) uaz K-NN fd1 R g9ndn NN adsiidudragy
(P= 0.004)mm:ﬁﬂLﬂ§ﬁuLﬁﬂU5u 9 1T% DT NU NN,
K-NN iU SVM uag NN A SVM ldwualnuuanedns
agiefinnaia (P>0.05) lasaansndiaaule
31 wuus8a9fild K-NN uaz DT liwaswian R2 Tag
Laﬁﬂganiw LR a1 9duddnyn19ada luamed
UszAnSnwaas NN uaz SVM agluszaulndifneiy
DT uaz K-NN ua liuandrsnwaenefivodrannisada
(P>0.05)

ualw Central Composite Design
lunisidSouifioudsz@nsaiwnisasng
LUUIReIRIBE LAY R? @AIUUUUMINARILUL
Central Composite Design NMINagaLAIL&NA Shapiro-
Wilk Test l@ein P<.001 u&@431671 R2 2094UUF18DI
Y9 5 6ana3Au (LR, DT, K-NN, NN uag SVM) §n13
nzanesauuulilnd nsiseufisudaisves R?
FERIULUINE0I619 9 628 Kruskal-Wallis Test W1
leiein y2=45.2, df=4, uaz P <.001 (mswﬁ 4) LRI
ALady R 19UUUS1809N9 5 sana3fiudanuuandns
nuaalgdngnesidadniias 1 ¢ dawSouiiiny
3196 #2835 DSCF Pairwise Comparison W1 31
gana3fivvad ML laur K-NN, NN iaz SVM l#dn R2

'
=

g1 LR adwilipdagyneada (P < .001) Tua e
DT liuand19ain LR agadisiasan (P=0.095) #mTuU
MUIBULNBUTERIN90aNa3NNVEI ML G28NWLad
wunlidglawandrsnuadediodayneada (p >
0.05)

330



sarsnannssnIng U7 18

J PP LENT 2 12518, 2569

M15197 4. n5vlSpuLfioy R FUGITRIN LR LAz
ganasNNvad ML LaW1z3UIINIMARBILUY Central

composite design

AulIsuinsy w P
DT LR 3.506 0.095
DT K-NN -5.030 0.003*
DT NN -4.594 0.010
DT SVM -6.006 < .001*
LR K-NN -6.975 <.001*
LR NN -6.270 <.001*
LR SVM -6.481 <.001*
K-NN NN -0.312 0.999
K-NN SVM -2.031 0.604
NN SVM -1.184 0.919

1: Shapiro-Wilk Test, W=0.824, P< .001
2: Kruskal-Wallis test: X* =45.2, df=4, P<0.001,
€2=0.0915

Ha 1w Full Factorial Design
lunsidSoufsudsesdntainnisadig
wuuiiaesawizluzliuuninaaauny Full Factorial
Design NNINAFUAY Shapiro—Wilk Test W31 1 R2
YoILUUFI8891I 5 8anasiu (LR, DT, K-NN, NN uas
svM) §n1suanuasuvuy'laidnd (wW=0.795, P<.001)
(@13197 5) n13tlSeuifisudniaiy R2 35139
8anasfiudny 9eae Kruskal-Wallis Test lden ¥2=39.9,
df=4, uaz P < .001 W3aNa2861 £2=0.0899 (m’ma‘ﬁl 5)
wEadin danuuandrsvesdiaio R? adnadinddn
NMIriifsznINseanasiuatnIias 1 g
n1371a31zWI18dd 8 DSCF Pairwise
Comparison WU31 DT Was LRu@N@19INwaet194
wodan (P=0.008) lae DT fleady R? g9ni LR o
Ra3of LR AU K-NN uanensnuatnadvodda (P
< .001) laey K-NN ¢ R? gIN1 LR WaRasand K-
NN NU NN uagz K-NN U SVM Awudnianuuanedid
Auae19lnedAY (P <.001 uaz P=0.010 Mu&1aY)
§2ug LR 11 NN (P=0.412) Uz LR Nl SVM (P=0.068)
Tduandnsnuadrednaiannieaia agnelsfionn ns

= = ' a a R v L
WSUNEUIERINeaanNaINAVad ML @8Nk
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M15199 5. 15 USBUIAe Y R2 IUGITRIN LR LAz
aanasnyved ML W@WIEIUUUNITNaaBILUY Full

Factorial Design

AulSouinay w P
DT LR 4.676 0.008*
DT K-NN -4.604 0.010*
DT NN 3.113 0.179
DT SVM 0.677 0.989
LR K-NN -7.558 <.001*
LR NN -2.456 0.412
LR SVM -3.693 0.068
K-NN NN 6.696 <.001*
K-NN SVM 4.602 0.010*
NN SVM -2.172 0.539

1: Shapiro-Wilk Test, W=0.795, P< .001
2: Kruskal-Wallis test: X* =39.9, df=4, P<0.001,
€2=0.0899

\u DT AU NN, DT U SVM, uaz NN AU SVM laiwy
ANuLaNEgaNlRp&RTY (P > 0.05)

Ha 1% Mixture Design
lunsidSouifsudsedntainnisaiie
WUUIIRaIRNIZIUUIUNIINARaILUY Mixture Design
N1INARAVAY Shapiro-Wilk Test WL 61 R2 284
wuuinaadudazdanasnuinisuanuasuuulidnd
(W=0.913 uaz P=0.018) MInasauae Kruskal-Wallis
Test wuinleien (2=9.41, df=4, uas P=0.052 Bougadd
Vl,aiﬁm'mLmn@maﬂﬂdﬁﬁﬁéﬁﬂ”{gmaaﬁﬁmaaﬂ'wmﬁﬁ R2
J¥MIIULLSREINI 5 Sanasfia (LR, DT, K-NN, NN,
uaz SVM) madnmndslaildilTanifisunagdean DSCF

Pairwise Comparison Test

ssduaznsanysiana
NNTITAATIEALBATNTIN (All DOE types)
WUI1 WUUS1889 K-NN uaz DT ldn R2 Immﬁimga
1 LR atnsfitbianmiaia sniziilsinsamwaes
NN uaz SVM agiluszaulndidsariu DT uaz K-NN ud

Tduandnsnuaalinedann et naansiuaadld



LAWDIAINNRINITDOVRIOANESHY ML lun159y
ANMNFUWBSLUUN Ml BLT 9180 (non-linear patterns) b6
' ° A o o< A o % Ao
ANNuUUIIeeTIdulasra ) TIraanaaInUINWITY
A A . @ AR a A a '
lua@mmzqmaaﬂmﬂu ML uﬂi:aﬂﬁmwgomﬂu
Ad o P o o
ndintoyaiianududon (7-8)
1%31] LUUN1IN@asd Central Composite Design
WUUSI889 K-NN, NN kaz SVM Juszansainlunis

RIUUUII80INANTT LR adddkudani1iaia

Tunenaunu DT SUszanSawlndifssny LR wazlid

=

anauananuegsTaawluLivasAaiy R2 v
1w Full Factorial Design Luu31889 K-NN 1z DT e
R? §9n1 LR a9 d%danyn19ai@ uaz K-NN 63
waaIsz&nFNIWgINd1 NN uaz SVM dae &% NN
wae SVM Jdszansanlndifsany LR laslsiuanens
AuadITipEAYNIEEa n137 K-NN waz DT waad
UsznSmwiani LR 1w Full Factorial Design i
31 M3l ML sensavinaausingrle wilunsdin
Joyaiimnszngduuusuqauszidwddunian
281913798 §1%5U Mixture Design laiwu
mwme@i'maﬂ'wﬁﬁfﬂﬁm@mmﬁﬁmau@hm&iy R2
Txwingeanasfiu LR uazoanasiiau ML la 9 lassuile
Juvuaesmnsanainulitdntnwlndidesin ual
g DT uaz K-NN azfiuwaliuuandranu (p Indideany

s v o .
0.05) o3 mfﬂLﬂuwammﬂmwawwuﬂm:uumuwau

'
%

A o o A o ' A '
ATUTUIUIZAUN ML 69 bIa01TnLEaIANNLIATRaNIN
laagnsTaran wisonalfinanuwIatayandinauss
PN TIAMAAIRATVDILUUI 1809 Mixture Naa
ANuHangwIaINITIUT
=2 g v '
lagayd nisdnwfiuaasldifiuin nas
Uszgndlginaiia ML Tasianizaana3na K-NN, NN
wae DT #NNSANUIEANTA WU INITAT L LIRS
NIyaNIANLULNITNAREY (DOE) 16 Tanlien R2
ganduuuiinesdadu (LR) adndisdmanylunais
JUUULVBINITNANDI MILUUIIN (All DOE types),
Central Composite Design W as Full Factorial Design
at14}3Aa% 11 Mixture Design liwuauuandI4
' o ' Aad o edn oA v
BEHNITALABIERINITANS 9 WAAWSN lathena lasy
Sﬂﬁwaﬁnﬂﬂ'nmmﬂ@hwaﬂmm%aﬂ’aga nsLRan
WAV ILARLDANDTNN AT IWINAINYT U
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