Patient no—shows significantly affect healthcare efficiency and resource allocation in rehabilitation centers. This
paper presents a machine learning approach to predict if a patient will show up for their scheduled appointment using
a Hospital Appointment Management (HAM) dataset. This dataset is generated by integrating patient records from
Mendeley Data at a rehabilitation center with weather data collected from Brazil's National Institute of Meteorology.
stage under-sampling method combining Tomek Link and Random Under-Sampling was applied to the training
dataset to deal with a highly imbalanced dataset. Three machine learning algorithms, such as Logistic Regression,
K-Nearest Neighbor, and Random Forest, were utilized to provide the patient no—show prediction models. The
Random Forest-based patient no—show prediction model outperformed other models based on the performance
results, especially in terms of Recall, which is the proportion of actual patient no—shows that were correctly classified
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case when a patient fails to show up for a scheduled appointment.

I.A4 2 St s d Wets EAstaal g

5 el wAlat dm By P3G Ao w4 o SEhE ) °‘°1 A dlelHE 28
2 Fuole Wit o] Zrbati, olo] wet sz 4= /b FEE o]FoiAal 9nh D. Liu et al. Ul% H2E
w3 Soluba ul. B3] ArEgwee Az Az} Zopy oA 161,82271¢] 2t FHe} EH HolHE
s HHA BREL 95 oA NS 2FE H 33t Logistic Regression (LR)#} Artificial Neural
Ao MEas Hon o= ouda ooke] Maxs  Network (ANN)Z L FS H&38Iglom, ANN 7} 3%
g RzZAA7 3 Qo) [1]. giEe) o gr]do s 9 & dF Aes BT [9]. E o2 APl B
QAT 70~90%7F AR SolEn, o2 =& sl e WdelA X dlolE]E w2 Random Forest
ob olw7l E—‘:rﬂ §_z%75.°d A5 Ao ods 2 RF) 719F 242} g A o F Rdo] 7 -3k A
2 9= Aol | CaEu B2 18 o oke 59 58 NHASS B [10]. AF ook 3 s
A Zg Azl gx] Rt ws (o-show) EAlL @ Twe A @Al Had Wil Hgel, wma w4
& RAEL da Uk a3y 290 BEYL Z:} dolg= =d9 dolgz & 5 v V& dTEeS
273 O @RS ol A= 73 Ay over—samplings &3l ©loly E#3F EAE i
ol F7|Ho g2 u7e ]E“’ FEY S Y = S e S P i °] WAS 9oz A HolE
hoed AAEE weldel e AREE 2R E b Sspel 9IS vIA7IG] o] ARYS A
Aol wek A= EH7]A]7]— Z7tz ole] A w T 7] gl Al e dof A|xwle] Hg Al A
=u71 Astd % gtk o] Mul ol w4 IS 7F Atk webd, B ATE olydk dAE Bekstalzt
2 ;e W9 ook Al AES 9olaty] 9 WAl A T @A A9 AWEY (two-stage under- Samphng) 7]
£ e ol dulg zesiy Bued ng o = 48D deHAEd tiEM Ld as
= opy|atA "t [4-7]. AFARAAATA w=w,  HEP 7S AEsHA 2 2A dHolH /H]Ei zg%
Wlo| A wam oe ujE: 2o Azt oF 2% 49809 ol BU AFA e o5 2ds FHsaA I
ol 23 Hﬂli A% F by 2 4L /=5 9 i vs go] A Al 1 el
tha s [8]. ole] B A= sx} AR, 82 oF A oA AbgE dlolEHAES dAE s AR #
[ERSRREPH Eﬂ ] B2 848350 stalo] wa HhA ofnE I FolXe 34 =& oS BAS $8) A& 71 AsH



0. dolg AE 3 Az 73

H =Fo|-+= Mendeley DataolA A|&3+= &4} d
oM ES Hetd =yl 7% A4 INMET (Instituto
Nacional de Meteorologia)oll Al A|&3lE &4 oo g Al
EE Adsta 7tEste] &35k [11, 12]. dlolg Al
Eo] FHMIE 49 =& (No-show) ofF-olt}, 3
2} dlolHAIES 4$-, COVID-19 #djule] F3S ujA
371 98] 201993 11€ 309 o]%9] deolH+= E&31X
BTt ek, A folEMES A HoHAMEL F
2d1 ARE Ad ®iFE vz Hstsion, gitert
45 #& 7R WeEe 4 Asts oE 97
ol 2AbA| ST

%12 AAY F gk BY ook B8 (Hospital
Appointment Management: HAM) H|o|E{AEZ 8271 9]
SHHSEY VY FH5EATE B9Fa v HAM bl
oA ES dHolH AlZEe] F JHFE 31,03070 0] th

EYHHTE FoAA s 2 I #A-E B4
(feature)E©°] Edtuo] Ut 2% (temp), °JEH 2%
(dew_temp), % (precipitation), &2 (pressure),
AAF (solar), &% (humidity), % (wind_speed) L
22 F F% (max_wind). o] A I EAE U
A= AT = ook AZHdE VLo ®, A 1
AlZE, 3AIZE HOBAIRE o] el % ol E HHWS
2 Frtelglel. Eel sd X8 o oF Altdjel A #A 3
A &d a8 A SAIZE F9HY] HARkEs SHETE F
bttt iAo 2 S R o dxfe] e
Tk Aozl WeE FrHH R AT dE £,
25 AS E ook A 1AIZE, 3AIZE E 5AIRE
oldl 2%& 77 temp_at_lhr, temp_at_3hr Z18]al
temp_at_Shre} A&tFeh. AE o ef AZkhol A 37
3AIZE Bt HywkE 5AzE Eohe] Hgke 77t
temp_avg_3hr¢} temp_avg bShretal HWHsITh &=
A oo dxpe] A Hd 259 Hy =28 7
temp_avg_1d<¢} temp_max_1dz} A 2]t}
EHHUTE FolA OS5 22 A oof #H EAHE0
EAsh A (gender), AAIA ol (intellectual) L+
q% Aol (moton)Z TEE+E= ol FF (disability), 3+
2b zbgel Fo o (assist), ¥ RUEY I o
(enf), X2 F&E 5 (occupational therapy), LS
A7 Qg o8 (pedagogical therapy), X537} %
g oY (physiotherapy), AgXa83 A7 oJF
(psychotherapy), 54 ZF&3Ho] gl gyt JAxm o7
(sem especialidade), &% Zoljoll thsk X5 o (speech
therapy), 234} 538 €2 o4 (needs_companion), 1}°]
(age), BA7F ol A WEgh dn2HE tg 38 o
oF IRk AQ% AR (after_first_visit), X & o eF
W% (app_year), & o °F & (app_month), 33 ®H o]
Hd AENRS 317] "l €8US 002 A3t Hd
S xR Wgel W4l U8 o 2 (app_dayweek),
4 A 28 AR AR TAE VEeR R o 9F ARt
9 oy ABeEAE HEUE e s AIREF o=
(offset_minute), Z128]2 A FE of|F A 7S oY} o5
Tk Wl s oeF AR (app_shift) B2 o] F
o},
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Dependent Variable

[Unit] / Value

{1 (no-show),
0 (show-up)}

Variable Type

appointment_status Integer

Independent Variables

Variables Type [Unit] / Value
temp Double [°C]
dew_temp Double [°C]
precipitation Double [mm]
pressure Double [mB]
solar Double [KJ/m2]
humidity Double [%]
wind_speed Double [m/s]
max_wind Double [m/s]
{1 (Female),
gender Integer 0 (Male)}
disability Integer {1 (()hzlt\z(ljfoc:ﬁal)’
assist Integer {1 (Yes), 0 (No)}
enf Integer {1 (Yes), 0 (No)}

occupational therapy Integer {1 (Yes), 0 (No)}
pedagogical therapy Integer {1 (Yes), 0 (No)}
physiotherapy Integer {1 (Yes), 0 (No)}
psychotherapy Integer {1 (Yes), 0 (No)}
sem especialidade Integer {1 (Yes), 0 (No)}
speech therapy Integer {1 (Yes), 0 (No)}
needs_companion Integer {1 (Yes), 0 (No)}
age Integer -
after_first_visit Integer -
app_year Integer {2016, ---, 2019}
app_month Integer {1, ..., 12}
app_dayweek Integer {0, ..., 4}
offset_minute Integer {0, ..., 680}
app_shift Integer {1 Morning),

0 (Afternoon)}

a9 12 2 AFdA aeshE HAM HoJEAES] F4
W2l appointment_status®] FElAdE FAS HoFa 9
t}. v Z1229) show-up (= 0)¢} 29 Zdl2~2] no-show
(= Dol sgsh= doly A& v 22t 28,634719F 2,396
eltt. ol T EE2st A9 E 29 HlEo] 92.28%<}
172%% SAF Bdd HelHYdS BoFa gtk dold
B4y TAE sAst 34 = oF Bdle] 45s &t
A717] SeliA e Ade &R 7ol dasks o 4 T

92.28%

= 1 (no-show)

m 0 (show-up)

I3 1. HAM Ho|gHAES] Felx= T4



. ¢zelE € A% 37 A%

2 AFdAes B2 =i oF 2AdS AASH] )
Logistic Regression (LR), K-Nearest Neighbor (KNN)
2 Random Forest (RF) & 37}A] 7|Ags dudES
AHE3EY. LR o]% &/ wAldA A Azdo] 2
3 FEE ASFse Gagsoltt. F& HETE o]AbH o]
v Sigmoid 42 AIFE 004 1 AFo]= Algtslo]
54 Zdz £ FES ALY B AdFoA ALE
H LR ¢agFe] stolddgeiuE= 58 7ted Ak
ool NAE (epsilon)E 1.0E-60]a tS GARQ
28l Alo]l = (step size)i= 0.001%2 A3t KNN2
AZg dole ¥IES] Zex~s T8 K| dolg X
RIEES] tF4d=2 ZAAS Y 75 i3t 185
oltl. KNN¢| slojHgeinHz o9 & (K& 1= 4
AR, RF= o8] 24 EgE 4%ste] 358 43
st e T ¢agFeltt. o] RF 7|Wk RHo &)
olHFetu|HZ FHul Eg] Zo] (tree depth)&= 320]1
4 %=Z= (leaf node)?] #HA dolg AZE 4 (minimum
node size)t 622 AR

A2 v oF 2do 45 HU7E Al AdE (Recall),
A% (Accuracy) ¥ Fl-scoreZ 8 AXE A3}
Aot 53] 95 AoA =i dFeo 5N AA =4
AAE YA i S Ao FoIERE A =

AAE A d5ste 2E 5SS 545 Recall
71 Fa% AxE a3l 2 HoF A% #2 0
1 Atole] &S 7™ 19 71745 mde] A 5ol
gttt @ 4 ok

o &t B

Iy 2« Aol A AL wp o F 2]
AA AL ZEEE TAS Qv 1A, HAM dlo] g
AEZE < 2 AZ (Training and Validation) © o] ¥
HNE< HF HAE (Test) HOHMER 7+ 80%%}
20%% &t o] 80%< HOlHAEZS tAl 80%
o} 20%% Hesle] sk HlolHAMES HS dolEA
EZ AMEETh o]ZA gy dHolE M ES AT Ho
HAELE 14 HAM dHolHAES] 247 64%% 16%E
kA gk}, o] &g Ho|HAES HF Ho]EAME o
3 K=59 K- na #HZF 7I¥W  (K-fold cross
validation)& 483te] & AFolA aysts 3719 7]
AstE 71k oS Eelgd ds] Ao 3fo]xdelulE
2 Zou B35, A w4 G 2] ASS A
7171 984 s dHeolHAIE dis] doly E43S
dadhe AEH 7IHE A3, ATHeR, HAY
sto]lHutalm g7t AAH A mh oF S o83
H2~E tlo|EHES] 458 H713lt).

0

i

et

0 (show-up) : 28,643 (92%)

L HAM 64%

dataset Training Two-stage ML-based no-show
dataset under-sampling prediction model

Predictor

80%)

5—fold cross validation

Validation
dataset
16%

e
dataset redictor
J
|—~l(no—show) 12,396 (8%)

Derive
hyperparameter

Performance
evaluation

Partitioning

20%!

4.2 =73 dlolE A E g T @A Ay AEH W
gy 1eA ZER19d AXHE, B AFelA mEsheE
HAM dlo[ElHEE S48 B3-S 5o st gl
dlolE B3 Jdstaz) sk oS Rl Aes A
AZ1E s 71T dole Edd LAlE 4|
A&l &5 dlolElAE] el % Tomek Link (T-link)<}
Random Under-Sampling (RUS)& ZA%H3F F oA o] A
=3 (two-stage under-sampling) 7|'H& 4834t} T-
Linke A= T Sdi2 &l 7 AE 139 At 3

(e}
o=2H FH2 1k BAE oS WIe] vee
% dolg AEoe] T-Link 78S $4 3 =
o] diole] AAE AASt, dolH Ed43 ZAE NI
o2x g Bdo] F 7 AolE ¢
Q== SgiTh o] § RUS 7I'E& ARS8t
tlolE] MEES FHHE AAS A &F T
o} B #FS R &, F WA dy AEHS
3 % deolHAEM g A v E320 0
(show-up)®] dHlolg AE F¢ &5 F#H2Q 1 (no-
show)9] Hloly AZ +&5 11 H&E 73S 9F Aot
RUS 7|92 F292 dol8 & AASH| wWidd T3 4
H7F &4 913o] lon, oj= <l s A3rF HAT
F Ak A T odA Y AEE 7HS RUSE O

i Skt

s AaE A Aot # ATl A
ORE Axe AA wh 345 A was: @
olgbal gutEA o F3dh= AEQ] Recallolth. 3T 4%
A FZAAMRF 7|9k 22 0.7292 7HF =2 Hd5S H
Atk RF 7|9k o] 5 Rde Recall¥#%F ofy] 2} Accuracy
oA g tE ZIAIRE RHERY S5 e
RF 718 8 i o= mdo]4 Recallo] 0.7299 7ol
vl Accuracy”} 0.612%2 w2 o]fi=, Bdo] &g &

291 Al wm ate] A w2 A5 FeEE Hol
Ak, g SR A B St o At ot
7] WiEolth. &, wi& o] g oF T2 FAN
4% =& @A gEids e77 H Bes etk
%3, Fl-score®= RF 7|yF welo] 7hak Ex4vk 0.225

= 49s we gold. o714 Fl-score Zko] e

ofr BA wdk dF mue] o Ao dAokair]
urhE E Apeld mesh HAM dlolHAES F4
@ dole Bitdol 7]gt,
1
LR ®"KNN ®RF
0.8 0.729

0.587 0.6010.612

0.6

0.4

0.206 0-225
0.2 0.193

: i

F1-score

Recall

Accuracy

a4 3. A k4 45 2l A A
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2 = H2E HolgAEd tha] RF 7|4k
% xda o33 A3E Yl £ g
(confusion matrix)o|t}. ¥ 3 od IFAH Y=
(positive class: no—show)?l &% Z# 29 Recall 3]
0.729 Yo% &8t Fl-score #o] 0.225 & &
ol AYWE (Precision)”} ¥7] wliEo|tl HE 2 oA
geold 4 g)%o], Precision #& 0.133 o2
el o= dF 2l A9 dBo] e AS
onjEiA= ZETh ol 5o]% (Specificity)?t Recall ©]
Zv7y 0.602 ¢F 0.729 & 2387 22 gko] o7 wo|t)
ChAl Zaf, 2 Aol s RE 7] ol & Eele 2|
show-up ¢! o4 =9 sdste xS dsiy e
60.2%2] ATz odFS =3, 2 A no-show ¢l AF
g FREY dEME 72.9%9 AHI=R g5
gty ST a7 1 oA BoFE AXY, FA4H
tele] Ed&¥ 0% Q13| no-show = o5¥ A F
A &2 no-show ¥ kA= 349 Wol| B33k wbd, AA=
show-up 3+ &A= 2279 Hol| o]27] wjf-o| Precision
gro] 0.133 o2 1j$ v Yelsk

wr2ba], HAM dlo|EHHES} o] FAlgh oy Ea3E
7} A= Fl-score #H.TH= 24 no-show $HAE
SulEA] o &= H]E9] Recall o o 2 7IEXE F=
Aol FQdltl E3d], RF 7|4k 37 wi o= w9 of
72.9%2] AZEZ AA| no-show A= 7P & =8l
43+ mdlojr),

A} =4
&

¥ 2.RFE7|W 82 =4 oS 2d &% 3y

Predicted
1 (no-show) 0 (show-up)
1 (no-show) 349 (TP) 130 (FN)
Actual
0 (show-up) 2,279 (FP) 3,450 (TN)
V. 28
B oAM= HY w4 d5FS 98] Mendeley Dataoll

A AFshe A dolHAES Bald Iy 71 dATa
(INMED)elA Algd 717 dlelHAEER T Ade ¥
deF #2] (Hospital Appointment Management: HAM) d]
OHAMEE A&ete] A i o RES AEegid)
Tomek link¢} Random Under-SamplingS Z2%H3F & ¢
A A5 AEY (two-stage under—sampling)”] 8 <&
43t stE HolHAE gt B4y EAE 43
. HZ2E (Test) HoHAES A9 MEH 7[HE 48
SHA] k-2 AA tlolHRE Eg 2 k& oS RUE
3 e HU71E AP Y. Logistic Regression (LR),
K-Nearest Neighbor (KNN) % Random Forest (RF) &
3N 7AEE dags 7N A5 2ES JEsksit.
©] % Random Forest 7|®F 32} wdr o5 RHo| Recall
Z3 Accuracy@kel 42 0.729¢)F 0.612%2 71 9-5=3 A
& B2t wEhA, 7 @A Ay AEH 7IHS sk o
SJHMEoRt &3 & RF 7|HF 32} b oF Fda
5ot A7t 7HE ek Aes 2]l Bolth

T AT = HAE dolE dHE afHo=r &
&3 e JdFAT dunEEs FHHoeE =94,
HAM HolBAERZRE Fo EAHES A9 (feature
selection) =& v AMEH 71H A
B2t i oS Bl gt s I A} gt

fo 3@ 13
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