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ABSTRACT		
Tuberculosis	(TB)	 is	an	 infectious	disease	caused	by	the	bacillus	Mycobacterium	tuberculosis.	This	 infectious	
disease	needs	more	attention	because	the	transmission	rate	is	still	high,	especially	in	areas	with	high	case	finding	
rates	and	low	treatment	success	rates.	This	study	was	conducted	to	monitor	areas	prone	to	TB	case	transmission,	
especially	 areas	 in	Central	 Java	Province.	The	K-Means	method	was	applied	 to	determine	areas	prone	 to	TB	
transmission	by	considering	 the	success	rate	of	TB	treatment,	 through	the	Elbow	approach	to	determine	the	
optimal	number	of	clusters.	The	results	of	clustering	show	areas	that	are	classified	as	vulnerable	areas,	which	are	
areas	with	high	transmission	cases	but	low	treatment	success.	Visualization	of	clustering	results	in	scatter	plots	
that	 clarify	 the	division	of	areas	 into	clusters	and	help	 in	 identifying	 treatments	and	areas	 that	need	 further	
intervention.	
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1. INTRODUCTION	

Tuberculosis	 (TB)	 is	 a	 contagious	 infectious	disease	 caused	by	 the	mycobacterium	 tuberculosis	
bacillus	(Adhanty	and	Syarif	2023).	This	infectious	disease	remains	a	public	health	problem	worldwide,	
attacking	the	lungs	and	other	parts	of	the	body	(Desmiany	Duri,	Afriansya,	and	Rizal	Maulana	2023).	TB	
has	long	been	a	challenge	in	infectious	disease	control	efforts	because	of	the	high	level	of	transmission,	
especially	in	densely	populated	areas,	such	as	Central	Java.	If	TB	treatment	is	not	completed,	it	can	lead	
to	failure	from	serious,	potentially	fatal	complications	to	death	(Pardosi	et	al.	2024).		

Significant	TB	case	finding	rates	are	still	found	in	various	regions	in	Indonesia,	including	Central	
Java.	In	addition	to	the	high	case	finding	rate	in	each	region,	the	treatment	success	rate	is	still	relatively	
low.		It	is	necessary	to	identify	areas	that	are	classified	as	vulnerable,	with	high	case	finding	rates	and	
low	 treatment	 success	 rates.	 In	 an	 effort	 to	 control	 and	manage	 TB	 cases,	 in	 order	 to	 focus	 health	
interventions	on	the	right	areas.	

There	have	been	many	studies	using	clustering	to	determine	areas	prone	to	disease	cases.	In	
previous	research	(Nur	Amalia,	Umaidah,	and	Mayasari	2024),	researchers	used	the	K-Means	algorithm	
to	determine	areas	prone	to	infectious	diseases	in	Karawang	Regency	using	the	Knowledge	Discovery	in	
Database	method	in	the	2020	to	2023	study.	In	a	previous	study	(Asmiatun	2019),	researchers	used	the	
K-Medoids	 algorithm	 to	 classify	 road	 conditions	 in	 Semarang	 City	 using	 the	 Manhattan	 Distance	
approach	and	evaluate	the	results	with	the	Silhouette	Coefficient.	Other	previous	research	(Stepanus	
Ginting	et	al.	2022)	focuses	on	calculating	the	distance	to	determine	the	level	of	domestic	violence	with	
various	distance	measurement	methods	and	K-Means.	

In	this	study,	after	knowing	the	TB	cases	that	need	attention,	researchers	conducted	clustering	
using	 K-Means	 as	 a	 solution.	 K-Means	 will	 classify	 the	 cities/districts	 in	 Central	 Java.	 From	 two	
indicators,	namely	"TB	Treatment	Success	Rate	(%)"	and	"TB	Discovery	Rate	per	100,000	population"	
in	2023.	The	Elbow	Method	approach	was	used	in	this	study	to	determine	the	optimal	number	of	clusters	
(Safira	and	Agus	Sugianto	2024).	So	that	it	can	clarify	the	areas	that	are	classified	as	prone	to	the	spread	
of	tuberculosis.	

Overall,	this	research	aims	to	identify	areas	that	need	special	attention	to	deal	with	TB	in	Central	
Java	Province.	The	K-Means	algorithm	with	the	Elbow	method	approach	is	a	practical	solution	to	map	
vulnerable	areas,	so	that	health	interventions	can	be	carried	out	on	target.	The	results	of	this	study	are	
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expected	to	help	the	health	sector	in	Central	Java	Province	to	pay	attention	to	TB	cases.	So	that	there	is	
an	effective	policy	in	handling	TB	cases.	
	
2. RESEARCH	METHODS	

	
2.1 Research	Stages	

	

 
Fig	1.	Research	Stages	

This	study	begins	with	the	collection	of	data	obtained	from	Statistics	Center	Agency	Central	Java	
Province.	The	raw	data	in	excel	form	will	be	normalized	to	neutralize	the	attributes.	After	normalization,	
cluster	 search	 is	 conducted	by	applying	Elbow	Method	and	 clustered	using	K-Means	algorithm	with	
Google	Collaboratory	tools.	

	
2.2 Data	Collection	

The	data	used	in	this	study	is	a	secondary	source	taken	from	the	Central	Java	Provincial	Statistics	
Agency	website	related	to	Tuberculosis	in	Central	Java	Province	for	the	year	2023.	The	data	can	be	found	
in	table	1	below:	

Table	1.	TB	data	from	Statistics	Center	Agency	Cental	Java	Province	

District/City	
TB	discovery	rate	

/100,000	population	
TB	Treatment	Success	

Rate	(%)	
2023	 2023	

CENTRAL	JAVA	PROVINCE	 226	 87	

Cilacap	Regency	 218	 83	

Banyumas	Regency	 377	 90	

Purbalingga	Regency	 241	 90	

Banjarnegara	Regency	 137	 90	

Kebumen	Regency	 208	 82	

Purworejo	Regency	 123	 81	

Wonosobo	Regency	 201	 89	

Magelang	Regency	 75	 87	

Boyolali	Regency	 125	 82	

Klaten	Regency	 140	 88	

Sukoharjo	Regency	 197	 91	

Wonogiri	Regency	 151	 90	

Karanganyar	Regency	 107	 93	

Sragen	Regency	 124	 85	

Grobogan	Regency	 154	 92	

Blora	Regency	 156	 88	

Rembang	Regency	 216	 88	

Pati	Regency	 189	 85	

Kudus	Regency	 304	 88	

Jepara	Regency	 144	 87	

Demak	Regency	 163	 90	

Semarang	Regency	 86	 90	

Temanggung	Regency	 104	 80	

Kendal	Regency	 239	 81	

Batang	Regency	 176	 85	

Pekalongan	Regency	 209	 94	
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Pemalang	Regency	 222	 91	

Tegal	Regency	 315	 89	

Brebes	Regency	 295	 83	

Magelang	Town	 1122	 79	

Surakarta	Town	 503	 86	

Salatiga	Town	 610	 90	

Semarang	Town	 443	 84	

Pekalongan	Town	 460	 95	

Tegal	Town	 1226	 87	

	
2.3 Data	Normalization	

Data	normalization	aims	to	change	the	data	scale	so	that	each	variable	has	the	same	range	of	values	
(Kusnaidi,	Gulo,	and	Aripin	2022).	In	the	K-Means	method,	data	normalization	is	necessary,	because	the	
distance	between	data	greatly	affects	the	clustering	results.	The	formula	for	normalization	used	in	this	
study	is	(AKILLI	and	ATIL	2020):	

𝑥! =	 "#	"!"#
"!$%#	"!"#

	 	 (1)	
	

Description:	
Xmax	 	=	Maximum	value	in	the	data	
Xmin		 =	Minimum	value	in	the	data	
X		 	 =	Original	value	in	the	data	
X’		 	 =	Normalized	value	

	
2.4 Cluster	Optimization	with	Elbow	Method	

K-Means	is	an	algorithm	that	requires	an	input	number	of	clusters,	choosing	the	right	number	of	
clusters	is	important	to	obtain	accurate	clustering	results	(Ahmed,	Seraj,	and	Islam	2020).	The	Elbow	
method	 is	 used	 to	 identify	 the	 point	 where	 increasing	 the	 number	 of	 clusters	 does	 not	 procide	 a	
significant	improvement	in	the	reduction	of	within-cluster	sum	of	squares	(WCSS)	(Putu	et	al.	2024).	
Within-cluster	sum	of	squares	is	the	total	distance	between	the	data	and	the	cluster	center	(Sari	et	al.	
2022).	The	Elbow	method	helps	to	find	the	point	where	the	decline	in	WCSS	begins	to	slow	down,	known	
as	the	“elbow	point”.	WCSS	is	calculated	by	the	formula	(Cui	2020):	

𝑊𝐶𝑆𝑆 = 	∑ ∑ ‖𝑥 −	𝜇!‖"#	∈	&!
'
!() 	 	 (2)	

Description:	
𝐶" 		 	 =	ith	cluster	
X	 	 =	data	in	the	cluster	𝐶" 	
𝜇" 		 	 =	cluster	center	𝐶" 	
‖𝑥 −	𝜇"‖	=	distance	between	data	x	and	the	cluster	center	𝜇" 	
	
3. RESULTS	AND	DISCUSSION		
	
3.1Implementation	of	Data	Normalization	

Explanation	 sub	 section	 1	 Normalization	 is	 done	 by	 giving	 the	 command	 MinMaxScaler()	 and	
fit_transform	 (X).	 MinMaxscaler	 is	 one	 of	 the	 classes	 from	 sklearn.preprocessing	 in	 the	 scikit	 learn	
library	(sklearn)	which	is	used	to	perform	normalization	with	the	Min-Max	Scaling	method	(Waldia	et	
al.	2021).	The	fit_transform(X)	command	is	a	method	that	performs	two	steps	at	once,	namely	fit(x)	and	
transform(x).	In	fit(x),	python	learns	the	minimum	and	maximum	values	of	each	feature	in	the	data	x.	
While	in	transform(x),	python	will	use	the	minimum	and	maximum	values	to	scale	the	data	into	a	new	
range	between	0	and	1.	Here	are	the	results	of	applying	data	normalization:	
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Table	2.	Data	Normalization	Results	

District/City	
TB	discovery	rate	

/100,000	population	
TB	Treatment	Success	

Rate	(%)	
2023	 2023	

CENTRAL	JAVA	PROVINCE	 0.131190				 0.5000			

Cilacap	Regency	 0.124240				 0.2500			

Banyumas	Regency	 0.262381				 0.6875			

Purbalingga	Regency	 0.144222				 0.6875			

Banjarnegara	Regency	 0.053866				 0.6875			

Kebumen	Regency	 0.115552				 0.1875			

Purworejo	Regency	 0.041703				 0.1250			

Wonosobo	Regency	 0.109470				 0.6250			

Magelang	Regency	 0.000000				 0.5000			

Boyolali	Regency	 0.043440				 0.1875			

Klaten	Regency	 0.056473				 0.5625			

Sukoharjo	Regency	 0.105995				 0.7500			

Wonogiri	Regency	 0.066030				 0.6875			

Karanganyar	Regency	 0.027802				 0.8750			

Sragen	Regency	 0.042572				 0.3750			

Grobogan	Regency	 0.068636				 0.8125			

Blora	Regency	 0.070374				 0.5625			

Rembang	Regency	 0.122502				 0.5625			

Pati	Regency	 0.099044				 0.3750			

Kudus	Regency	 0.198957				 0.5625			

Jepara	Regency	 0.059948				 0.5000			

Demak	Regency	 0.076455				 0.6875			

Semarang	Regency	 0.009557				 0.6875			

Temanggung	Regency	 0.025195				 0.0625			

Kendal	Regency	 0.142485				 0.1250			

Batang	Regency	 0.087750				 0.3750			

Pekalongan	Regency	 0.116421				 0.9375			

Pemalang	Regency	 0.127715				 0.7500			

Tegal	Regency	 0.208514				 0.6250			

Brebes	Regency	 0.191138				 0.2500			

Magelang	Town	 0.909644				 0.0000			

Surakarta	Town	 0.371851				 0.4375			

Salatiga	Town	 0.464813				 0.6875			

Semarang	Town	 0.319722				 0.3125			

Pekalongan	Town	 0.334492				 1.0000			

Tegal	Town	 1.000000		 0.5000		
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3.2 Implementation	of	Elbow	Method	
The	Elbow	Method	 is	user	 to	determine	 the	optimal	 total	 clusters	 in	 the	K-Means	algorithm.	 In	

Google	Colaboratory,	the	elbow	method	is	applied	with	the	following	command:	

	
Fig	2.	Elbow	Method	Implementation	

The	inertia	variable	is	used	to	store	the	WCSS	value	(Maulindar	2023),	for	each	value	of	k	(number	
of	clusters).	The	range	of	the	number	of	clusters	is	tested	from	1	to	10	through	a	for	loop	on	the	variable	
K.	In	each	loop,	the	K-Means	algorithm	is	initialized	with	k	number	of	clusters.	Then	the	data	X	is	trained	
using	 the	 fit(X)	 function.	 In	 inertia.append(kmeans.inertia_),	 the	 inertia	 value	 is	 stored,	 which	 will	
represent	the	total	distance	between	the	data	and	its	cluster	center	for	each	k.	The	graph	of	the	inertia	
values	will	be	used	to	determine	the	elbow	point,	where	the	decline	starts	to	slow	down	indicating	the	
optimal	number	of	clusters	(Rykov	et	al.	2024).	

	
Fig	3.	Visualization	of	Elbow	Method	Results	

In	Figure	3,	the	optimal	cluster	result	of	4	is	shown.	At	the	point	with	avalue	of	4,	there	is	the	end	
of	the	significant	decline	for	the	Elbow	method.	After	that	point,	the	decline	that	occurs	is	slowing	down.	
So	it	can	be	seen	that	the	optimal	cluster	of	this	research	is	4.	

	
3.3 Implementation	of	K-Means	Algorithm	

	

	
Fig	4.	K-Means	Algorithm	Implementation	Command		

The	command	kmeans_optimal	=	Kmeans(n_cluster=4,	random_state=42)	is	used	to	initialize	the	
K-Means	algorithm	with	the	number	of	clusters	4.	The	random_state=42	parameter	is	used	to	ensure	
consistent	results	every	time	the	algorithm	is	rum,	by	setting	the	same	initialization	starting	point	for	
the	 centroid.	 Then,	 the	 fit_predict(x)	 command	 performs	 two	 operations	 at	 once,	 namely	 fit	 which	
groups	the	X	data	in	4	clusters	and	predict	which	returns	the	cluster	label	of	each	data.	The	results	of	the	
K-Means	algorithm	are	presented	in	the	following	scatter-plot	visualization:	
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Fig	5.	Visualization	of	K-Means	Algorithm	Results	

4.	 CONCLUSION		
Based	on	the	research	conducted,	the	Elbow	method	is	 	effective	 in	determining	the	optimal	

number	of	clusters.	The	analysis	showed	that	areas	with	high	TB	case	finding	rates	and	low	treatment	
success	were	located	in	cluster	3,	which	included	Magelang	Town	and	Tegal	Town.	The	use	of	K-Means	
is	proven	to	help	map	vulnerable	areas,	which	can	be	used	to	support	more	effective	health	intervention	
strategies	in	various	regions,	especially	Central	java	Province.	In	further	development,	the	research	can	
be	 expanded	 by	 examining	 other	 cases	 of	 infectious	 disease	 spread	 or	 predicting	 the	 number	 of	
infectious	disease	case	findings	in	arious	provinces	in	Indonesia.	
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