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Absiract

Patient Treatment Time Prediclion Agorithm was very mportant 10 busd an
outpatiend queue gystem at the hospital. Thes study aims o buld a gyatem of
outpatiend qreswes o predict the wailing Eme of oulpatiants i the eye cimeg ai
one of Cirebon hospatals. Pater Treatmant Time Prediction algorthom was
cak;ulated based on hesorical dala or madical recosds of patienis n s hospital
with 120 patient data, The Pabiend Treabment Teme Prediction algorithm was
traimed by Improved Fandom Forest algoeithm for each service and & waibing
tena for each service. Pradiction ol waitng bme for each padient sendce was
obtased by calcuiating the conaumgtion of patent care tme based on patient
chargctenstics. The waiting tme for each service predicted by the frakned
FPats Treatment Tims: Prediction algorithen & the fotalwaiding me of patoents
inthe queue for each sanece. This research resulted in a aysiem tha can show
thez tirme fakan by patiants in every sendoe available = ihe eye clinic, Paliend
e consemplicn in sach service produced varies according 1o the patend's
conddion, in thes case based on the patient's gender and age. Thes resaarch

"Corresponding ahoe, proviges Banelits in eems of Emproving parlormance in oach doepartment
E-nj;-ﬂlijld'l:ﬁmnl invodved, optemizeng haman resouwnces, and mcreasing patient satisfacton. This
= HHIIS3E

hidoriia i i s research can be ceveloped for each deparment in the hospital.

1. Introduction

Oaripadient quawe sysiem becomes very impoant i the sucoess of hospital managemesn which i genaral the
hosgatal has not Impéemented a patient guets syatem 0 that i Increasas patient waklling 1ims at the hoapital (1) The
patiend's doesie bo be outsade the waling room must be broken by the wncartasmdy of e wailing lime so thai the palient
cana bpave the place so that it doss nol pass his lum [2). Prolonged waiting mes reduce the geality of case and
Increase sae effects and sometimes cannot be changed [3). Long walting limes for palients are usually seen outside
patied faclies, and hese difculties conlimde (o various public healih problems, moluding disruplion of access b
cans, desrupton of hospital work pattesns, and patient dasatisfaction [4). The uncenain arrval of culpatents signiticantly
infisences the daily oparation of health facilites (5] According 1o (6] based on research thal hase been done, cancer
patants in Canada exparience a long waiing lime 5o will have a negative cinical mpact, Most hospiaks, patient gusss
that encowrage and detemmens each 1emgo of the workflow, =0 the management of patient waiing tme i an important
thangy [7]. One of the Sia princgdes & thal it can reduce wading limes which sometmes delays can have a negalive
imgact on those who recesve and provide care [B]. & managemsnt in a hospits! requires an morease In seovice,
espacially reducing waiting time to mcreass patent satistaction. Howewver, litle is well documented, and ita effects ara
rarely measwmed by robus methods (9],

Fatient satisfaction will increase d it is able to predict waiting times accurately and delay scheduled appoiniments
and alow nurses o serve patient anthens moare accwrately [10]. Linear regression models have been developsd bo
predict walting temes with an average yeeldd of 4.8 minutes. The awerage abaolute diference bebween the actual and
estimated waltng tmes s 20.0 mewies. Thus, this didferance s the reason for comgdeting reaearch on this swoject with
otfesr algarithms hal can merease ha inaccuracy can e acceptad by patents and ingreass salisfaction more than
provading Informakon about waitieg tmes [11]. Long wasting fime can reduce the qualiy and satisfaction of patients.
Among the US Emergency Depaniment in 20010, only 31% achisved the appropaaie biage fanget, while only 48%:
admetbed thal it ook & hows fo service patients [12]). Research wsing the Darmouth Micresysbem Improvement
Casmiculum (DMIC) framework and the Plan-Do-Stedy-Act (PDSA) get the hypotheais that it will redece walting tims in
tha targeled wailing rocm by 20 mindes, whereas in the doctor's examenation servica & 10 menies. However, the
resulls of the research that has been done, the average waiting lime in the waiting room for padients i5 533 minules
shodter than the pre-smplementation parsd. The waltmg tims at e doctors exameaton 5 1,81 minutes [13]. Make
patends fend to ba more salislied despele the delay, whis lemade palionts also folerate the delay bt demand cloansr
time ndommation [14).
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ez of the Innovatve categories of quews managemsnt s 1o uEe a queus Syatem o elminate the walllng procsss
for pafients. The patient queus system provides scheduling information to palients Bedore amving al e sendce pont,
s pallents can walt a1 home rather than in the hospeal kobby |15]. The patient queus system mast be able io mansge
the patient's time and recommend he arrangemenl of services 10 be pedarmed by the patend and 5l consider ha fimes
of arrival of the patient [1E].

The algorithim that can b ussd 1o sokve the problem descrbed above = the Patent Treatment Teme Prediction
algorithm [17], Palien! guoue sysbem using Palienl Treatment Time Prodschon will facilitale patents in registering,
kmowing the ceder of sandces that must be passed, and Knoweng how much time he will take 1o perorm a senes of
services al the hospilad, incheding wading Bme and serice Bme 5o thal pabiends can lake advantags wading me wes,
This pakent gueue system applies to non-emergency and oulpaiient patients who usualy had to gel services such as
blood pressare checks, freatment at the clnéz, checkng biocd In the lab, wndengoing 2-rays, Bking drags, payment, and
o on [1H]. Pabiend Treaiment Timse Pradiclion algoribm will caizulate based on historicad data or medical reconds o
patenis @ the hosgetal. Fatient Treatment Time Prediction algorithims aretrained based on the Random Forest algoritm
whach & improved for each senice, and the wailng time for sach service [19], Howaver, wilh tha limfabions of the
ariginal Fandom Foresl aigoihm and hospital characieristics, 1he Rasdom Forest algorim needs fo ba improved in
order o get effective resufls [20].

2. Research Method Y

Fatient Treatrment Time Predicton abgomhm s gensated based on histoncal hospital data. The walting time of
gach service is pradched by e Patient Treabment Tima Prediction taken from the numbers of patssnl waiting imss in
line. Later, Chen e 2. Built a8 Queumg-Recommendation Hospital ayatem that featwed the aystem's recommendation
on efficient and comiodable service plans wilth the leasl amound of wailing Ene lor patients [17].

Pafieni waiting fime can be calosaled when te duration of service Eme of each pabest is known, The duration
of each patient's aarvice tme will vary according 1o the patient's conditon. Therefore, the Random Fosest algorithm (s
usad 10 traen firmss dueration data Based on tha patient’s characierssiaes to bsd the Patant Treadment Time Prgdiction
The Randem Forest algorithm = enhanced in 4 aapecis to bulld Patent Treatment Teme Predicton.

Firat, af the sslected data vanabdes are soned from unnecessary features, such as the patent's name, address,
and phone numtss, Secondly, the duration of service time & the variable that & largeted in this process which is a
continuows vareabée, 50 the CART model will pe used. However, thers are aiso independent variables that ase of nominal
data, such as time span (0-23) and days (Monday-Sonday). In this case, the two-ock free model of the tradibional CART
coubd nol fulty produce a good analysis. Therefore, 1o budd a regresshon tree that appeopnately required a madli-branch
maded I the construciion process. Furthermoee, the process of creatng a regression tree must go through kentifying
the dalective dada and then delele il 1o reduce its mlluence on acowracy. Lasily, the Random Forest algorithen usas a
tradifional voling in selecting 2 sampde dala that allows it 1o reteeve the incorrect data. Patient Treatment Teme Prediction
imgeoaas how 10 select the dita 1o be used, Therslore, dassslicalions increase the acturacy of the classificaton af tha
Aandom Forest akgorithm and reduce erora. So, the Patent Treatmeni Tene Prediction is aupsenor i tesms of accuracy
and performance than the Aandom Forest algorithm. Detads of the patemt Treatment Time Predecbon process 10
cabzulate the kotal wading tims of the patent ane presented as a flowchart in Figuse 1

At thiz stage as Equabon 1, the data needed from ihe hospital is collecied, swch as patent data and service data.

8 = {51, 5z __ &n} 11}

The hospilal provides several interconnecbed and veelated services during one day visd and gach patent can
get several services, can be seen in Equation 2.

Hlg = {31, Kz} {2}

That Equatan 3 siales the se of palient service data, X = the dala of each sesvics, such as regisirabion,
eamination, taxing dregs, and olhars,

Yio = {1, y2, . yul) 3}

The patsent data s=1 with the freatment plan consisis of v, thal |s data for each patient downg some service. The
data that will be wsed for the Pabent Treatment Time Pradechion process mast be tested, The duradion of senvice lirme
will differ depending on the condition of the patent, 50 the durabion of sendce time of the patent cannot be me aswed
with absolube standaecs, Impeovised Random Forest algomhm fo imgrove accuracy of Patient Treatmant Tene
Prediction. Scme patient data sata from e odginal data are Eken a1 random 1o be sampsed, can be seen in Equaton
4.
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Simin = {Sownt, Brares o0 Srarsd 14}
Equation § showing, dala not sslecled as samples will also e organized inte Qut-of-Bag (00B) data.
Soown= {30481, Soous. ... Soom} 15}
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Flgure 1. Flowchart Patient Treatmeni Time Prediction

EService duration Is the 1arget variable in this process which B a continuous vanabls, so that the asingle decsion
trae e in Ui Flavnciorm Forgst modaed used & a regression trae. Thus, the CART regression ires moded = grealed lor
each Swan 1es] data zei. The fust optimezaton aspect of the Random Forest algorithm |s the process of making each
CART tree. Al M features of each Sy teat data are used in the 1esting proceas., For each tree node separation process,
aach featurs variable v & required and sach potestial sp# paint value v, of y & chasan o cakulabe the loss function
(¥}, v,}, which iz dedined as follows Equation 6.

(g ) = argmin] Z (¥ =c) + Z (W = el 161
EERLLY|Fp) TERRLY i)

¥; |5 every feature of the test data, | = § = M. 1, i3 any potential separator point vahee of v #, (¥, 1, ] [ the first
data set (loft), wharsas 80y, 1) & the second data sel (fght), ¢ as the average value of the set /(v v, ), whereas
c,, the average value of the set &, (., ).

Moisy data may Sl exist even i it has been deleled al the preprocessing slage. Thesglora, the thend oplemization
aspect of the Random Fosest algoritem = 1o reduce the effect of nolsy data on the accwacy of the algorithen. Thes data
removal melthod B done in calceating the value of each CART node. Data on leal nodes 5 cermendly sorbed i ascending
order. Then, the values of the three data poents @1, 2, dan Q3 are calcuiated. The inner limé of mossy data s detemmined
as follows Equalion 7.
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It = g1~ 1.5(03 = Q1) 7

The ouler kmits of noesy data are delermened as fofiows Eguation 3.
OL = 73 + 1503 — 91} 18}

Data that is outalde of the renge of {IL; OL} will be deleted aa bad data. Afler construction a tree and get a noda,
e v riags valug o from data ) Gowted af each kal node of the regrassion frea, The calculaton equation & detingd
as follows Equation .

1
= 2D ¥t Sy < 0) i}

Tha fallowing &5 The pssudocode of the Palient Traatmdnt Time Prodicion algarithm:
Algorithen: Patient Treatmaat Time Prediction Algosithm Process based on Random Forest
Input: the test data sel

Qulpai: dacision s

1: make & dala sampie

2: cresabe a test dada sal thal & nod vsed

3: make an emply ree

4: for each independent vanabés in the o test data sample

o calcudabe split point candidales

B: for each candidate do aplit point

T caiculiabe the bast split paint

8: end for

a: &dd a node

10 separae data lor the ssH branch

11z =eparale dala for the right branch

12 boreach dala m the right and ket branche s of do

13: calculate the bast split vabue of the lafl branch

14: if the best aplit vates |s left or right branchs Dest spét point then
185 acid node sechons

18: e=parale dala o two left and right forks / beanches

17: clse

18: mlkect data for leaf nodes

18: calculate the main value of a k=at nods

20: end if

21:  endior

22: end for

3. Resulits and Discussion

Tha authae has analyeed the time consumgdion of patient sarvices o the aye cinec al one of the hospéals in
Cargbon based on the time facler and palient characteristics. Based on the conbenis of the actvily and the
carcumstances, the consumgtion of patient care fime on care assignments In each sarvice can vany. In fact, tme
consumgtion i ihe same servics may o different, dffesend olficers, different pariods, and different patiend conditions,

This etudy uses hestoncal data of patients who perform services at the eye clinic at one of Cirebon hospitats. The
data used are patent data in the peaod from October 1, 2018 to October 7, 2019 with a total of 1230 patlents. Patlent
data consisling of age and sex are complemented by the day of service, 1he Bme when the patient sfarts receiving
gervice, and the lims when the patient has fesshed recebang service. There are three sereces o be analyzed, namaly
regisiralion, Ghack-up, and sarvice by a doctor, So, Thi amownd of data ised n thes shedy is 380 data

The first s1ap 10 the nooe separaton process is required for each teature variable v, and any potental spst polm
vahss v, from v, chosen, From the avadable feature vasiables, the potential split poend with gendes, Tha next feature
variabée that can be used tor the split point i the patients age. The aplit point based on age can be deteemined by
Equalion 6, Tha spi poentbased on the age of the patient will be oblamed based on the msults of Equalion & which
has the smalkest valee. o, inlerpreted as the average value of the sel &, (v, v, ], while o, interpreted as the average
vaiue of the eet 8,{y,,v, ). Then,

- 2020 Tha Authors. Fubksted by Universias Muhammadiyan Ralang
This b gn opan sctes aficke undar e CC BY 54 lipsrms, Milpeirealves ommon s oe g iosn sy -sa oy




Kinetik: Game Technology, Infoemation System, Computer Metwork, Computing, Electronica, and Conbrel 45
_ Toial age ol fhe padiend in A ser L btk |

& = —— = L4 4
i Total dada i tha 2ot By in

. Tendal agw o f Chi pullenid b dhdsed Ay _ 39T _ &7
A Todul aarn in ¢ne sei Ap [ T

After got the average value of each set, the age of the patients In each set s processed wih ¢ and g lor patient
in s By, then it will produce a vales. B ihe vales 5 the smallest of each sel, than the age of the patient who has thes
emallest value will be used for the spét point candidate n each set. Exampée cakculation o get the smallest value on the
sed R with 1D POAY aged 15 years, while on the set Rewith 1D O30 aged & years,

ICr POES were 15 years old, sublracted by the average age of patenis in the K, set, which was 54.4. Afer that
thr resulls are souaned,

(v = = (15 = 54,4) = 1553.9

Il PO20 were B years obd, reduced by the average age of patients on the R, sat, which is 57. Atter that the resufls
are squarad,

(¥ —cgh = [6=57)° = 25966

Froem the resulls of calculabions the 8, s, tbe smaBest value obtained & 0.3 in patients with 1D P113 who have
55 years of age, Thes, the 5p8 paint candicabe in e age of patiends i the R s 05 55 Whereas, @ the Ry set, the
smalles! valee obdained is O in pabonds with 1D P120 who have 57 years of age. Thus, the sp8 paint candidate n the
age of patienis in the &, aet [ 57.

Alter gatfing & 5p8 point candidate at each s, make 1he candadale a separalor betwaen mambers of T s,
Separate members of the 1, et into left and nght seta, as well as the K, =81

The left B, set has 23 patient data, while the maht @, s has 27 patend data. The left By st has 30 patients and
thar rigpil Ry 50 has 40 patients. Afer thes grouping, count agaim in the same way o find the bast sp8 point. If you do
not meat the $(v,.|v )} = @5y, requinements then continue cownting 1o find the best split point

Total age of the patient in the left By et 1025 i
E B T T —iis BN eseteis DR .
- Total data in the left fy set 23

Padignis with D PO&S are 15 years ofd, reduced by the avermage age of palients o he ket B sel, which is 448,
After that me results ane squansd.

{9 — )%= (15— 44.6)° = B76,2

After a8 members of the left B, set are calculated, this calcutation gets a splt poind with & value of 45 in patients

wilh [0 PO7TE which mean:s this poend does red meal the requiremsnts greates than the candidate sp@ paint, then the
cabculgton baos for the best aplit point foliowed by cownting on the right 1.

Total age of the patisnt in the right B, set 1 i S2H
L3 Todaal data in Lhe right B set TR T

Patienis with 10 P038 are 56 years old. reduced by the average age of patlents m e right K, set, which s 2.8,
Afer thal fe resulls ang speared,

(¥~ cg)? = (50 — Bl = 45

Alber all members of the nghi B, sel are calculated, thes caloulabion gets a split poed at age &2 which means A
has met the greater requiremeanis than the spit polnt candidate of 55. Thus, 83 in pabenis with [D POST becomes the
best split point for the 7, set. An overview of the ees lormed as a resull of linding ihe best sp@l poid Sel o /) S
presented i Figure 2.
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=63

Figure 2. The Muwb-Branch Aegression Tree Male Gender of the ETTF Mods!
Maxt, calculate the best split point in the &, sat.

Totad age of the palient in [he lof e Ry 56 1338
B Total data in the (e[t By set T

= 44,6

Fatienis with D PO20 are 8 years old. reduced by the awerage age of patients i the left Bg aet, which is 44.8.
After thal fu reselts ane sousaned

(W = e} = (6= 446)° = 1490

Alvar af mambers of the lefl By set are calculated, this calculation geds a split point with 2 value of 45 in pationts
with 1D F105 which means that thés point does not meet the requiremsais greates than the spdt poend canchdate of 57,
tiven the caloulation kooks for the best aplit point fofiowed by cownting on the right 7.

_ Total age of the patient in the right Ry set 2049
& Tortaad daka in the right By, set BT )

= 66,2

Ca

Patienis with 10 POE3 are 58 years old. reduced by the average age of patients i the right By set, which i3 86.2.
Afer thal fe resulls ane souearned.

(¥ = cg ) = (58 = 66,2 = 67,24

Thes calcutation geds 2 spd poan] &1 age 67 meaning thal # has mat the greater reguirsmaents than the candidale
epdl poend that is 57. So, at point 67 precsely in patients with 1D F112 being the best spét poind for the @75 =21 An
overview of b tress formed a5 a resell of Feding the best split point ¢t ol Ry is presenied in Fguens 3. be the bast split
paint.

Figure 3. The Muwh-Branch Regreasion Tree Female Gander of the PTTP Mods!

The next steg is b arass nosy data hat might sl B present in he sl bakies gatting the keal nodse value usng
Equation 7 and Egueation &. For node T1.
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Q1= 15; 03 = 43
IL=0Q1-15(Q3—0Q1) =15- 15043 - 15) = 27
M= Q3+ 15003 =01) = 43 + 1.5(43 —15]) = 85

Q1 &5 the st daka on e nods se1 T, while O3 & the last daba on bhe node 56l T1. 1L % the fence boundary in
e st of vertices T1 that vields a value of -27. Whereas, OL |5 the outer fence bowndany of node T1 which produces a
vakug of 85 Every daba thal 5 batwasn the inner fence -27 and the cwlor fencs 35, then the dala @5 ncemal data, which
e 1 0% ned noisy dada S0 8 Goas nod mesed 10 be delated,

Moisy data that needs fo be deleted also appbes to the R, set which &= lkely b sb8 have nolsy data on the st
before gatting the leaf node value wsing Equation 7 and Equalion 8,

Ql=df) Q3= 44
IL=01—-1503 - Q1) =6 — L5(44— 6 = —51
OL=g3+ 15003 =01} = 44 + 1.5(44 — 6} = 101

IL =5 the fence bowndary in the sol of verdices T4 which yieids a value of -51. Whaseas, OL is the ouler fence
boundary of the T4 mode set whech produces a value of 104, Every dala between the inner fence -51 and the outer
fence 101, then the data is normal data, which means thal 8 & nod noisy data 5o it does not need o be debated,

Pafizni wadling mes al each senice are prodeied afler beng grouped mfo a node. The eme vahee of each patiend
in the node will be caloulated by the Equation 5.

Caleulatzon of prediction of patient wailing time in the sxamenalion servies by dociors with Equalion 8 will be
presanted from one node of the male set and one node of the female sat.

B+E+T+54+06%5+7+7
o= A = & minutes

Al nodbs T1 which is a node i ihe male gendes regression e foe dodior's examinafion seracos, This caloutabon
yiedds 6 minutea meaning that for male patents aged between 15-43 years i takes & minutes when doing a doctor'a
awamination,

9+B8+T+9+ 7+ 6

o=  —— 1311427

Al node T4 which is a node in the female gender regression bes for the dodors aeaminabon servica, Thas
cabzulabon yields 7 menuies means thal for female pakenis aged between G-44 years i takes ¥ méenuias when doing a
docior's examinaton,

The resafis of calcuatons with Equaton B will form & trese node walling fime for patents at the examinaton
sarvics by adocior which will be presented in Figuns 4

{ SevumbyDocor 3

Figure 4. PTTF Mﬂdal'Rég'nmian Trae én the Examination Sanice by a Doclor

4. Conclushomn

Tha resufls and discussion of this study indicade thal the cutpatient gueus sysbem that was buill with the Pationi
Care Time Predicton algorithm & shle to show the prediction of the wadting tims needed by the patient a3 an estimated
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me 1o get service at each service that the patient will pass. Ouipatents will be able 1o know when (b s thes 1umn 1o get
services in the patient queue, This stedy vses historicad dala from one hospital in Ciebon, especially 0 the eye cini
tnat can onfy be nputted by the admin. Patents undengo several services, namedy regestration, check-up by nurses and
examinations by doclors, First, the Patient Treatmen! Teme Prediclion algorithm classifies pafiants based on sex and
age. So, thes algorithm produces a predacton of waling tme in each patient classificabon. Testing of thés sysiam has
bean carmed oul. Test resufls show the gystem can fencton properly according 1o design. The system can pesform
cafculations using fhe Patient Care Time Prediction algosithm to gel the serice time thal will be faken by each
outpatient. The resufls of manual calculations with cabculabons Uses] the gystem have the same resulls 80 he aygtem
an ba said o be valid, The dala used werg 120 patients,

This outpatent quews aysiem only applies 1o dependent sendces. Suggestions for furiher resseanch development
are weder uae in other departments in the hospital, as well as independent services so that they can prowide
recommandalions in berms of servics o palients o reduce waiting limes al fue hospital,

Matation
The examgle of nddation Gan be describad with the foBowing descrigdion:

M 2 the number of data

5 - coflecton of pabend dala

X - e data of each service

K - e number of data X

¥ -t patiend data sel with the freaimaent plan

[T} - the number of data ¥

Siran - clecton of pabent data chosen 1o be sempled

Soos - Drala nod seleciad as samples will also be cmanized nfo dala
k -tz number of Sy data and Soop data

¥ - reguired and aach polenitid split poind value v,

s : potential separater point value of ¥
Ry (wpom, ) -t Finst data sel (ledt)
Relyp ) - the seoond data set (right)

G < the average valss of the set & [y, y,)
e < the average vakee of the sat Byl w1, ).
o1 <t battom data paini

Q2 - the median data point

3 < the log data paint
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