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A Hybrid Feature Selection Approach for Early Detection of
Alzheimer’'s Disease from Handwriting
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Abstract

The rapid increase in Alzheimer’s disease patients due to global aging poses a significant public health
concern, highlighting the urgent need for early diagnosis. This study proposes a hybrid feature selection
technique to address the high—dimensional feature problem of the DARWIN (Diagnosis AlzheimeR WIth
haNdwriting) handwriting dataset. The technique first extracts datasets with varying numbers of features
using pre-selected feature selection techniques, experiments with six classification techniques, and then
combines the two best-performing feature selection techniques into a hybrid approach. Experimental
results identified Mutual Information and SHAP as the two optimal techniques, which were then combined
to perform hybrid feature selection. Using the selected features, experiments demonstrated that the
proposed technique achieved an accuracy of 93% with only 82 features and 92% with as few as 44
features. Future research will focus on the clinical relevance of the selected features and related tasks.
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Table 1. hyperparameter search ranges for
classification algorithms using GridSearchCV

rrud sheol )
IR C: [0, 1, 10, 100]

solver: ['lbfgs’]
n_estimators: [100, 200, 300]
RF max_depth: [None, 5, 10, 20]
min_samples_split: [2, 5, 10]
learning_rate: [0.01, 0.1, 0.2]
LB max_depth: [3, 6, 10]
n_estimators: [100, 200]
learning_rate: [0.01, 0.1, 0.2]
XB max_depth: [3, 6, 10]
n_estimators: [100, 200]
n_estimators: [100, 200, 300]
ET max_depth: [None, 5, 10, 20]
min_samples_split: [2, 5, 10]
C: [01, 1, 10, 100]

SVM gamma: ['scale’, 'auto’]
kernel: ['rbf’]
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ol 13 3 29 Zo] M9 2007 5Ho= A 7beAE TIMeR F8 548 MY 4
TA9 dolgMloe] ET EdlolA BB 9254%, 2 F7H4 g3 (Max X/Y Extension), =49
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Table 2. accuracy performance by feature selection technique, feature count, and model

9| 33 | 52 | =a | #8= | ug= | 9= P44 | AUC
1 MI 200 ET 92.538 93.268 92.468 92.744 92.516
2 | SHAP | 200 ET 92.521 91.046 94.561 92.482 92.582
3 | SHAP 100 ET 92.521 91.046 94.444 92.563 92.582
4 MI 100 LB 91.966 93.268 91.856 92.38 91.928
5 PI 200 RF 91.966 93.333 91.542 92.302 91.961
6 PI 100 ET 91.966 91.046 93.601 92.106 91.993
7 RF 50 ET 91.966 89.935 94.496 91.908 92.026
8 MI 50 ET 91.95 91.046 93.667 91.998 91.993
9 MI 100 ET 91.95 91.046 93.203 92.063 91.993
10 | SHAP 50 ET 91.95 89.935 94.444 91.881 92.026
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Table 3. best hyperparameters for MI(200) and
SHAP(200) datasets
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n_estimators: 100

S(IZLIOA(E ET max_depth: None,
min_samples_split: 5

U5 AR o dAldA e e B
MI¢t SHAP(ET)E ol-&sto] 3%¢] ato]Hg]
57 A9 7134% gk HS(N) g2 10, 2k
A4E 05 23 Ae T4 385 099, 095,
0.9¢] 37}7<]i 574 AYE gty 1 A3 74
ds A4 8ol tistel 1070, 4470, 82719
E4o] deElon, A= % 49 Zr}

49} o] A9 107) EAL F= A
A9l total_time¥} air tlmegi TA 5o
9 AN SA-E FE 4E I A
(gmrt, speed) & ZA4gko] F7FE Ak
vz A9 82719 387 52 T2 9
(extension) ¢} A wA Q2 #HAS &
Eiaisg

eow A HAow EAE Addste] T
a7 Al 7EA HlolE Al 7] AFoAM e
TS Hol MI(200), SHAP(200), SHAP100)
MI (100), PI(200), PI(100), RF(50)< 7}4] 32
9] A=} a3 /\IB—JJ,} =93t HC]-/L]_QE /\1%6}
19 29k i 594 #2rh

gfg 7%49]. gzlo] ;q]o 3 ER A
(Proposed)& 8271¢] & 231 E
oA 7P =& B 9366%E -t

5

=51 o o

o~
N
2
In

& [o -

yo -

N
w2

i
M ooxl
O A

rr e

r
i
T

i
fo o o o

Hol 200719 EAS AR g 7|HEME
9254%, SHAP: 9252%) K.t AR 2e 49 &
Aorr: ¢ 53 AsS Bt Holth
ARl A AEES HAHEA Proposed?]
2N EAS A8 ET 298 9327%9] U=
o} 9492%°] AHUEE HoFoH Fl-AFeE
MU12%=2 7y A3 HAes =E53AY. 53

AUC #ke] 9379% =& yeht AnkAQl 57 A5
°l T3t Proposed®] 8271 54& AME-S

F 2o Z$o= 9438%2 & v =2 Wzt
T2 oy, AYUEE 9397%= oF7F wgtth
MI(200)3} SHAP(200)2 92% = 827 &4 A
Srrt w2 Aeoln, 53 44 5HE A
§3F 9252%¢9}F Hlas| = %4‘8}741% v FE
olgtt. of7]e 10709 EAH o Z % 90.24%2] A
SLEE Kol B4 Mee] &40 S BA
ct.

wpeka] 8271, 4470, 10718 EA o 2% 200719
EAS ARES g2 7y 9 7)E g A
[11,12,13,14,15]e] B]&jA =

ol 7hede Ak B3 BE A A
]

B gzselHue] %]
$1% DARWIN 271 dlolg4lolA] &4
HES 93 sholnel= 54 e 7y

)
av

o

pad
S
=

i
0% X

4y fo
QL
oX,

it
?l_:
ol
o

- 251 -



2I|E olget ¥xslo|HEe x£7| FEs et stoj=2E SF M

12

Ll
rh
I

r
ol

Method (Model)
ALL (ET)
- ALL (LB)
- ALL (LR)
ALL (RF)
ALL (SVM) *
ALL (XB)
- FC (ET)
FC (LB)
FC (LR)
=¥ FC (RF)
—e— FC (SVM)
~®- FC (XB)
~o- M (ET)
“ M (LB)
=¥ M (LR)
»~ MI (RF) T
MI (SVM)

Top: 0.9254

IR R

o
Y
=3

—&- MI (XB)
« Pl (ET)
-v Pl (LB)
—
-

Accuracy

Pl (LR)
- Pl (RF)

—- Pl (VM)

Pl (XB)

RF (ET) v
—e— RF (LB)
-®- RF (LR) @
~#- RF (RF)
« RF (SVM)
-v RF (XB)
—e— SHAP (ET)
= SHAP (LB)

SHAP (LR)
# SHAP (RF)
-¥  SHAP (SVM)
—e— SHAP (XB)

0.86

20 50 100 200 450
Feature Count

a8 1. 58 MY ¥, 55 Ji%, 2o we MEE 8D

Fig. 1. comparison of accuracy by feature selection technique, feature count and model
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Fig. 2. comparison of accuracy by proposed feature selection technique, feature count
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Table 4. selected features list by hybrid feature selection techniques according to performance degradation

tolerance
Bede | o
B gy 544
() A
0.99 10 total_timel3, total_time23, total_timel5, air_timel6, air_timel5, pressure_varl9,

total_time22, num_of_pendownl9, total_time9, air_time22

total_timel5, air_timel6, pressure_varl9, num_of_pendownl9, total_time23, air_timelb,
air_time22, total_timel3, total_time9, air_time23, total_time22, paper_time9, paper_time23,
disp_index23, total_timel7, total_timel6, pressure_meanZl, total_time6, mean_gmrtl?7,
0.95 44 mean_speed_on_paperl), — gmrt_in_air23,  air_timel7,  air_timel9,  gmrt_in_airl?7,
: pressure_mean9, total_timelQ, air_time2l, disp_index22, paper_timell, gmrt_in_air7,
mean_gmrt7, mean_jerk_in_airl7, total_time2, paper_timel5, total_time?25,
pressure_meanl9, pressure_meand, air_timed, paper_timeZ22, mean_acc_in_airl7,
air_time20, paper_time6, max_x_extensionl9, air_time6

total_timel5, air_timel6, pressure_varl9, num_of_pendownl9, total_time23, air_time22,
total_timel3, total_time9, air_timel5, total_time22, air_time23, paper_time9, disp_index23,
total_timel7, paper_time23, total_time6, total_timel6, pressure_mean2l, air_time?l,
mean_speed_on_paperl), mean_gmrtl7, gmrt_in_airl7, gmrt_in_air23, air_timel9,
air_timel7, pressure_mean9, total_timel0, total_timeZ2, mean_jerk_in_airl7, disp_index22,
paper_timell,  total_time25,  paper_timel5,  pressure_meand,  pressure_meanl9,
paper_timelQ, gmrt_in_air7, mean_acc_in_airl7, paper_time6, pressure_vard, paper_timeZ2,
0.90 32 mean_gmrt7, air_time20, mean_speed_in_airl7, max_y_extensionl9, mean_gmrtl4,
) air_time24, air_timed, air_timeZ2, max_x_extensionl9, total_timel8 total_time24,
mean_speed_in_air?23, air_time6, paper_time7, gmrt_on_paper10, air_timel3,
mean_speed_on_paper8, mean_gmrtl9, max_y_extension2l, mean_speed_in_airl9,
air_timell, paper_timel7, mean_speed_on_paperl9, mean_speed_on_paper7, paper_timel9,
mean_jerk_on_paperl9, pressure_mean?7, total_timel9, pressure_mean8, total_timeS,
paper_time25, pressure_meand, total_time7, disp_index6, paper_timel2,
mean_acc_on_paper2l, gmrt_on_paperl9, total_timell, total_time3, paper_time20,
pressure_meanl

E 5 Mot £F e J[EHat J[E 7|Hol &9 1070 HEtT H{W A3t

Table 5. top 10 accuracy results comparing proposed feature selection techniques with existing

techniques

| 32 | 53 | ma | gg= | ugs | U= | Fl-®4 | AUC
4 A N

1 Proposed 32 ET 93.6639 93.268 94.9206 94.1176 93.7862
2 Proposed 32 RF 93.6639 94.3791 93.9683 92.9412 93.9737
3 MI 200 ET 92.5378 93.268 92.4683 91.7647 92.7437
4 SHAP 200 ET 92.521 91.0458 94.5614 94.1176 92.4816
5 Proposed 44 ET 92.521 91.0458 94.4444 94.1176 92.5628
6 SHAP 100 ET 92.521 91.0458 94.4444 94.1176 92.5628
7 Proposed 32 LB 91.9664 92.1569 92.3323 91.7647 92.2161
8 MI 100 LB 91.9664 93.268 91.8561 90.5882 92.3803
9 PI 200 RF 91.9664 93.3333 91.5418 90.5882 92.3024
10 PI 100 ET 91.9664 91.0458 93.6013 92.9412 92.1064
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