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Abstract	

This	study	was	conducted	to	analyze	the	test	instrument	used	to	measure	the	ability	of	students	in	
the	odd	final	exam	in	mathematics.	Sampling	using	purposive	sampling	technique.	These	students	
consist	 of	 398	 students.	 The	questions	 given	 are	 in	 the	 form	of	multiple-choice	questions	with	 a	
total	of	40	items.	The	data	analysis	technique	used	quantitative	descriptive	analysis.	Data	analysis	
was	 carried	 out	 using	 the	 Item	 Response	 Theory	 (IRT)	 Rasch	model	 approach	 with	 the	 help	 of	
QUEST	 software.	The	 results	 of	 the	 analysis	 show,	 from	40	 items	 there	 are	39	 items	 fit	with	 the	
Rasch	 model.	 Judging	 from	 the	 level	 of	 difficulty,	 items	 with	 very	 difficult	 categories	 are	 0%,	
difficult	 categories	 are	 8	 items	 or	 21%,	 moderate	 item	 categories	 are	 23	 items	 or	 59%,	 easy	
categories	are	8	 items	or	21%,	and	very	easy	categories	are	0	%.	The	reliability	of	 the	estimated	
value	of	the	item	is	0.95	with	a	very	good	category	so	that	it	affects	the	items	that	fit	the	model.	The	
higher	reliability,	the	more	items	that	fit	the	model.	The	reliability	of	the	case	estimate	value	is	0.00	
with	a	weak	category.	This	value	indicates	an	inconsistency	in	the	answers	of	the	test	takers,	which	
means	that	the	test	takers	are	careless	in	answering	the	questions,	thus	affecting	the	reliability	of	
the	questions.	
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INTRODUCTION	
The	learning	process	carried	out	in	schools	is	still	the	responsibility	of	the	teacher	to	
continue	to	evaluate	and	assess	learning	(Anwar	et	al.,	2019;	Rahayuningsih	&	Jayanti,	
2019).	Appropriate	assessment	can	help	 improve	the	 learning	process,	so	organizing	
learning	 tools	 or	measuring	 tools	 is	 one	 of	 the	most	 important	 things	 for	 a	 teacher	
(Naqiyah	et	al.,	2020).	 Instruments	as	measuring	tools	can	be	 in	 the	 form	of	 tests	or	
non-tests	(Purwanto,	2009)	one	of	 them	is	a	 test	 instrument	as	a	measuring	tool	 for	
data	collection	to	measure	in	the	cognitive	domain	as	a	certain	way	that	can	be	used	or	
procedures	that	need	to	be	taken	in	the	context	of	measuring	and	assessing	in	the	field	
of	education	(Kadir,	2015).	

The	 instrument	 used	 as	 a	 good	 assessment	 will	 provide	 a	 higher	 information	
value	than	the	measurement	error	(Marjiastuti	&	Wahyuni,	2014;	Heri	Retnawati	et	al.,	
2016).	A	high	information	value	will	provide	an	overview	of	the	actual	measurement	
results	 to	provide	high	 information,	 then	the	 instrument	 to	be	used	 in	measurement	
activities	 must	 be	 valid	 and	 reliable	 (Djemari,	 2012;	 Hari	 Retnawati,	 2014;	 Tri	
Wahyuningsih,	2015).	The	quality	of	an	 instrument	that	can	be	proven	by	 looking	at	
the	accuracy	of	the	instrument	in	measuring	the	validation	that	is	intended	to	be	the	
measurement	 goal	 (Alkharusi,	 2015;	 Djemari,	 2012;	 Kartianom	 &	 Ndayizeye,	 2017;	
Pey	 Tee	 &	 Subramaniam,	 2018;	 Hari	 Retnawati,	 2014;	 Rindermann	 &	 Baumeister,	
2015;	 Wu	 et	 al.,	 2016).	 The	 validity	 of	 an	 instrument	 can	 be	 proven	 in	 terms	 of	
content,	constructs,	and	criteria	(Djemari,	2012;	Heri	Retnawati	et	al.,	2016;	Wu	et	al.,	
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2016).	 Instrument	 reliability	 related	 to	 reliability	 used	 in	measurement	 activities	 in	
producing	consistent	information	or	results	(Wu	et	al.,	2016).	The	higher	the	value	of	
the	validity	and	reliability	of	an	instrument,	the	more	accurate	the	data	obtained	from	
a	study	will	be	(Hayati	&	Lailatussaadah,	2016).	Measurement	instruments	also	have	
characteristics	 that	 are	 described	 by	 the	 items	 of	 the	 instrument	 by	 conducting	 an	
empirical	 analysis	 (Heri	 Retnawati	 et	 al.,	 2016).	 The	 test	 instrument	was	 used	 as	 a	
formative	assessment.	One	way	that	is	considered	suitable	for	teaching	and	assessing	
competencies	that	supports	the	21st	century	is	using	formative	assessment	strategies	
(Griffrin	&	McGaw,	2014;	Shute	&	Becker,	2010;	Wafubwa	&	Csíkos,	2020).	That	unlike	
summative	 assessment	 which	 is	 used	 as	 a	 measurement	 instrument,	 formative	
assessment	 is	 designed	 to	 be	 a	 useful	 assessment	 for	 teachers	 and	 students	 (Clark,	
2012;	 Gipps	 et	 al.,	 2015).	 Formative	 assessment	 also	 serves	 as	 an	 opportunity	 for	
teacher	professional	development	(OECD,	2005).	

Empirical	 item	 analysis	 in	 classical	 test	 theory	 and	 item	 response	 theory	
(Fitriani	et	al.,	2019;	Siti	Aminah,	2013).	The	 level	of	difficulty	and	discrimination	 in	
classical	 test	 theory	 determines	 the	 quality	 of	 the	 items.	 The	 characteristics	 of	 the	
items	produced	by	the	classical	test	theory	are	inconsistent	depending	on	the	group	of	
exami.	This	is	then	used	by	some	experts	as	part	of	the	weakness	of	the	classical	test	
theory	 approach	 known	 as	 group	 dependent	 (Pratama,	 2020;	 Heri	 Retnawati	 et	 al.,	
2016).	Weaknesses	 in	 the	 level	of	 item	difficulty	and	 item	discrimination	depend	on	
the	group	of	exam.	However,	in	reality,	a	person's	ability	to	answer	correctly	from	an	
item	depends	on	the	individual	ability	of	the	examinee	itself,	not	based	on	the	ability	of	
the	 group	 of	 exam.	 That	 someone	 who	 learns	 and	 understands	 the	 subject	 being	
studied	 will	 be	 able	 to	 work	 on	 the	 questions	 well.	 This	 means	 that	 the	 chance	 of	
correctly	answering	the	questions	tested	 is	higher	than	the	participants	who	did	not	
study.	

Overcome	 the	weakness	 of	 classical	 test	 theory	 in	 the	measurement	 expert	 to	
develop	 a	 model	 that	 is	 not	 tied	 to	 the	 sample.	 This	 model	 is	 then	 known	 as	 the	
modern	test	theory.	IRT	has	the	assumption	that	the	chances	of	test	takers	answering	
correctly	for	each	item	depend	on	the	ability	of	test	takers	who	have	high	abilities	to	
have	 a	 greater	 chance	 of	 answering	 correctly	 than	 those	 with	 low	 abilities	 (Heri	
Retnawati	&	Hadi,	2014).	The	 item	response	theory	(IRT)	approach	 is	an	alternative	
approach	 that	 can	 be	 used	 in	 analyzing	 a	 test	 and	 in	 the	 processes	 to	 obtain	 valid	
measurement	 instruments	 (Aricak	 et	 al.,	 2020).	 The	 IRT	 model	 is	 widely	 used	 by	
experts	in	developing	tests,	one	of	which	is	the	Rasch	model.	Rasch	model	is	very	easy	
to	do	and	apply	with	accurate	analysis	results	(Susdelina	et	al.,	2018)	which	examines	
the	opportunity	to	answer	correctly	on	the	question	by	comparing	the	student's	ability	
with	the	level	of	difficulty	of	the	question	(Sumintono,	2014)	as	the	development	of	a	
data	 measurement	 Rasch	 model	 that	 can	 determine	 the	 relationship	 between	 the	
student's	own	level	of	ability	(person	ability)	and	the	level	of	item	difficulty	by	using	
the	 logarithmic	function	to	be	able	to	produce	measurements	with	the	same	interval	
value.	 The	 selection	 of	 the	 Rasch	 model	 is	 because	 this	 model	 already	 has	 the	
principles	of	a	measurement	model,	namely;	able	to	provide	a	linear	measure	with	the	
same	interval,	able	to	overcome	the	problem	of	missing	data,	can	provide	more	precise	
estimates,	 can	 detect	 the	 imprecision	 of	 a	 model,	 and	 provide	 independent	
measurement	 instruments	 from	 the	 parameters	 studied	 (Abdullah	 et	 al.,	 2012;	
Sumintono,	2014).	

Research	conducted	by	(Santoso	et	al.,	2019)	that	the	items	analyzed	are	able	to	
provide	 accurate	 information	 using	 the	 Item	 Response	 Theory	 approach.	 Research	
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conducted	by	 (Kartianom	&	Mardapi,	2017)	which	utilizes	 the	National	Examination	
data	 which	 is	 analyzed	 with	 the	 item	 response	 theory	 approach	 to	 find	 out	 the	
strengths	and	weaknesses	of	students	whose	information	can	be	used	by	the	teacher	
as	material	for	learning	improvement	and	research	conducted	by	the	teacher.	(Imaroh	
et	 al.,	 2017)	 	 Regarding	 item	 analysis	 using	 the	 Rasch	 model,	 it	 can	 provide	
information	 about	 the	 quality	 of	 the	 items	 in	 the	 final	 test	 of	 odd	 semester	
mathematics	for	grade	VII	Junior	High	School	(SMP).	Research	conducted	by	(Susanto	
et	 al.,	 2015)	 to	 analyze	 the	 validity,	 reliability,	 level	 of	 difficulty	 and	 differentiating	
power	 on	 the	 odd	 semester	 final	 exam	 items	 for	 mathematics	 subjects.	 Research	
conducted	 by	 (Safihin,	 2019)	 produce	 objective	 tests	 to	 measure	 student	 learning	
outcomes,	 the	 characteristics	 of	 items	 can	 be	 analyzed	 using	 the	 Rasch	 Model	
approach.	

Based	 on	 the	 research	 that	 has	 been	 done,	 the	 researchers	want	 to	 know	 the	
quality	of	the	test	instruments	used	to	measure	students'	abilities	in	the	final	exams	of	
the	 odd	 semester	mathematics	 class	 VIII	 SMP	with	 the	 Rasch	model	 approach.	 The	
quality	measured	 for	 several	 indicators	 includes	 items	 that	 fit	 the	Rasch	model,	 the	
level	 of	 difficulty	 of	 the	 items,	 and	 the	 reliability	 of	 the	 items	 designed	 by	 the	 test	
instrument	which	were	then	determined	which	items	were	fit	and	unfit	with	the	Rasch	
model	and	determined	the	Cronbach	alpha	value	to	determine	the	items’	reliability.	
	
RESEARCH	METHOD		
This	 research	 is	 a	 quantitative	 descriptive	 study	 with	 the	 aim	 of	 focusing	 on	 the	
analysis	of	the	odd	semester	final	exam	test	instrument	with	the	coverage	of	material	
including:	Number	Patterns,	Cartesian	Coordinates,	Relations	and	Functions,	Straight	
Line	Equations,	 and	Two	Variable	 Linear	Equations	 System.	The	 analysis	 of	 the	 odd	
semester	 final	exam	test	 instrument	uses	the	Rasch	model	approach.	Sampling	using	
purposive	sampling	technique.	The	subjects	of	this	study	were	students	of	Junior	High	
School	(SMP)	class	VIII	in	Yogyakarta	as	many	as	398	students.	There	are	40	multiple	
choice	 questions	 on	 the	 final	 semester	 exam	 test	 instrument	 aimed	 at	 students.	
Quantitative	data	analysis	was	carried	out	using	the	Rasch	IRT	approach	with	the	help	
of	the	QUEST	program.	

	
RESULTS	AND	DISCUSSION		
The	 final	 semester	exam	 test	 instrument	has	40	 items	with	 four	 choices.	Analysis	of	
respondents	 answer	 patterns	 were	 analyzed	 using	 the	 Rasch	 model	 through	 the	
QUEST	 software.	 The	 quality	 of	 the	 questions	 in	 the	 Rasch	model	 can	 be	 known	 by	
estimating	 parameters	 such	 as	 validity,	 reliability,	 discriminating	 power,	 level	 of	
difficulty,	and	item	fit	with	the	Rasch	model.		

Estimated	Item	Validity	
Test	 the	 validity	 using	 the	 QUEST	 program	 as	 disclosed	 Setyawarno,	 (2017)	 can	 be	
compared	through	the	criteria	in	Table	1.	
	

Table	1.	Criteria	for	INFIT	MNSQ	
No	 INFIT	MNSQ	Value	 Description	
1	 >1.33	 Infit	the	model	
2	 0.77-1.33	 Fit	the	model	
3	 <0.77	 Infit	the	model	
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The	results	of	the	analysis	of	the	INFIT	MNSQ	value	in	the	QUEST	program	can	
be	seen	in	the	Figure	1.		

	 	

	

Figure	1.	Item	validity	recapitulation	
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Figure	1	 above	provides	 information	 about	 item	validity	where	 all	 items	 fit	 or	
match	the	Rasch	model	with	an	INFIT	MNSQ	value	range	between	0.94	–	1.11.	To	find	
out	if	the	item	fits	the	Rasch	Model,	you	can	also	view	the	item	fit	map	via	the	Figure	2.	

	
Figure	2.	Rasch	Model	Fit	Map		

	
When	viewed	from	the	fit	map	of	the	model	above,	it	is	known	that	all	items	are	

in	the	INFIT	MNSQ	value	range	0.77	–	1.30.	The	dots	on	the	left	show	the	value	0.77	
while	the	dots	on	the	right	show	the	value	1.30.	

Difficulty	Estimation	
To	find	out	the	difficulty	level	of	an	item	through	the	QUEST	program,	it	can	be	seen	by	
looking	 at	 the	 results	 of	 the	 item	 estimate	 (Threshold)	 analysis.	 The	 criteria	 for	
determining	the	difficulty	level	of	an	item	revolve	around	the	value	of	-2.0	–	2.0.	If	the	
range	or	distribution	of	items	or	test	takers	<	-2.0,	then	the	item	is	included	in	the	easy	
category.	Meanwhile,	if	the	range	or	distribution	of	items	or	test	takers	>2.0,	then	the	
item	is	included	in	the	difficult	category.	For	a	more	detailed	view	of	the	distribution	of	
item	difficulty	levels,	see	the	Figure	3.	

In	 Figure	3,	 item	number	5	 is	 the	most	 difficult	 item.	Even	 if	 compared	 to	 the	
ability	 of	 the	 test	 takers,	 the	 possibility	 of	 the	 test	 taker	 correctly	 answering	 item	
number	5	is	very	small	or	it	can	be	said	that	it	is	impossible.	
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Figure	3.	Distribution	of	Item	Difficulty	

In	 addition,	 item	 number	 20	 is	 the	 easiest	 item	 and	 is	 in	 accordance	with	 the	
ability	of	 the	 test	 taker.	The	 level	of	 item	difficulty	 through	 the	QUEST	program	can	
also	be	seen	from	the	item	estimate	threshold	with	the	criteria	in	Table	2.		

	
	 Table	2.	Criteria	for	Item	Difficulty	

No	 	Threshold	Value	 Description	
1	

	

Very	difficult	
2	

	

Difficult	
3	

	

Medium	
4	

	

Easy	
5	

	

Very	easy	
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Table	3	presents	a	recapitulation	of	the	difficulty	level	of	each	item.	
Table	3.	Recapitulation	of	the	Difficulty	Level	of	the	Rasch	Model	Questions	

Item	 	Threshold	Value	 Description	 Item	 	Threshold	Value	 Description	
1	 -1.46	 Easy	 21	 -1.36	 Easy	
2	 1.74	 Difficult	 22	 1.05	 Difficult	
3	 0.98	 Medium	 23	 1.29	 Difficult	
4	 1.05	 Difficult	 24	 0.29	 Medium	
5	 1.90	 Difficult	 25	 0.00	 Medium	
6	 -0.97	 Medium	 26	 -0.97	 Medium	
7	 0.00	 -	 27	 -0.79	 Medium	
8	 0.03	 Medium	 28	 0.03	 Medium	
9	 0.15	 Medium	 29	 0.09	 Medium	
10	 1.39	 Difficult	 30	 -0.39	 Medium	
11	 -1.10	 Easy	 31	 -1.15	 Easy	
12	 0.85	 Medium	 32	 -0.19	 Medium	
13	 0.58	 Medium	 33	 -0.23	 Medium	
14	 1.12	 Difficult	 34	 0.29	 Medium	
15	 -1.42	 Easy	 35	 -1.10	 Easy	
16	 0.19	 Medium	 36	 0.03	 Medium	
17	 -0.39	 Medium	 37	 -0.41	 Medium	
18	 1.12	 Difficult	 38	 -0.26	 Medium	
19	 0.22	 Medium	 39	 0.26	 Medium	
20	 -1.40	 Easy	 40	 -1.04	 Easy	

The	level	of	difficulty	based	on	Table	3	can	be	illustrated	that	the	item	in	the	very	
difficult	category	is	0%.	Items	in	the	difficult	category	are	8	items	or	21%,	the	medium	
item	category	is	23	items	or	59%,	the	easy	category	is	8	items	or	21%.	In	general,	the	
test	 taker's	 ability	 is	 below	 the	 item	 difficulty	 level.	 This	 is	 evidenced	 by	 the	 small	
number	of	test	participants	who	are	able	to	correctly	answer	items	with	difficulty.	To	
determine	the	ability	of	the	test	takers	through	the	QUEST	program,	see	the	Summary	
of	 Case	 Estimate	 with	 criteria,	 if	 the	 Estimate	 value	 is	 >	 1.00	 in	 the	 high	 ability	
category,	-1.00	–	1.00	moderate	ability,	and	<	-1.00	low	ability	in	Figure	4.	

	

	
Figure	4.	Estimation	of	Respondents'	Ability	
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Figure	4	provides	information	that	the	test	takers	have	moderate	ability,	with	a	
reliability	estimate	value	of	0.00	or	with	a	range	of	-1.00	–	1.00.	
	
Estimated	Item	Fit	
To	 find	 out	 which	 items	 fall	 or	 pass	 based	 on	 the	 OUTFIT	 t	 value	 in	 the	 QUEST	
program.	If	value	OUTFIT	t		≥	2.00	fall	items	in	Table	4.	

	
Table	4.	Fit	Item	Recapitulation	

Item	 	Outfit	t	Value	 Description	 Item	 Outfit	t	Value	 Description	
1	 1.6	 Fit	 21	 -0.7	 Fit	
2	 0.5	 Fit	 22	 -0.6	 Fit	
3	 0.8	 Fit	 23	 -0.2	 Fit	
4	 0.6	 Fit	 24	 -0.3	 Fit	
5	 -0.3	 Fit	 25	 -0.5	 Fit	
6	 0.7	 Fit	 26	 -0.8	 Fit	
7	 0.3	 Fit	 27	 -1.0	 Fit	
8	 1.3	 Fit	 28	 -0.5	 Fit	
9	 0.7	 Fit	 29	 -0.1	 Fit	
10	 0.4	 Fit	 30	 -1.4	 Fit	
11	 1.4	 Fit	 31	 -1.1	 Fit	
12	 0.3	 Fit	 32	 -0.6	 Fit	
13	 -1.1	 Fit	 33	 -1.3	 Fit	
14	 0.4	 Fit	 34	 -0.4	 Fit	
15	 1.6	 Fit	 35	 -0.9	 Fit	
16	 0.9	 Fit	 36	 -0.9	 Fit	
17	 1.4	 Fit	 37	 -0.7	 Fit	
18	 -0.1	 Fit	 38	 -1.2	 Fit	
19	 -0.1	 Fit	 39	 -0.7	 Fit	
20	 2.2	 Infit	 40	 -0.1	 Fit	

Based	on	Table	4,	39	 items	passed	so	 that	 they	could	be	used	and	there	was	1	
item	that	did	not	pass	so	that	it	could	not	be	used.	The	items	used	in	the	final	semester	
exam	have	a	proportional	level	of	difficulty	(Mardapi,	2017),	so	that	the	questions	that	
have	 been	 analyzed	meet	 the	 ideal	 criteria	 to	 be	 used	 as	 formative	 tests	 or	 end-of-
semester	exams.	The	level	of	suitability	of	this	item	is	used	to	see	the	accuracy	of	the	
item	with	the	model	or	item	fit.	The	level	of	conformity	of	the	goods	describes	whether	
our	goods	function	normally	to	take	measurements	or	not.	If	there	are	items	that	are	
not	 appropriate,	 this	 indicates	 a	 subject's	misconception	 in	 answering	 the	questions	
(Camminatiello	et	al.,	2010).	
	
Estimated	Reliability	
The	 reliability	 value	 of	 the	 Rasch	 model	 using	 the	 QUEST	 program	 is	 seen	 in	 the	
reliability	 of	 item	 estimate	 and	 reliability	 of	 case	 estimate.	 In	 the	 reliability	 of	 item	
estimate	 value	 of	 0.95.	 In	 Rasch	 modeling,	 this	 reliability	 is	 referred	 to	 as	 sample	
reliability.	 The	 criteria	 for	 the	 reliability	 value	 of	 the	 Rasch	model	 as	 stated	 in	 the	
opinion	 (Susdelina	et	 al.,	 2018)	as	 follows;	<0.67	 low,	0.67-0.80	enough,	0.81	–	0.90	
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good,	0.91	–	0.94	very	good,	>0.94	perfect.	The	reliability	of	item	estimate	value	of	0.95	
is	related	to	the	number	of	items	that	fit	the	model.		

The	value	of	0.94	includes	reliability	with	a	very	good	category	so	that	it	affects	
the	 items	 that	 fit	 the	model.	 The	 higher	 the	 reliability,	 the	 more	 items	 fit	 with	 the	
model.	While	the	reliability	of	case	estimate	value	or	the	reliability	of	test	participants	
of	 0.00	 is	 classified	 as	 low.	 This	 value	 indicates	 that	 there	 is	 an	 inconsistency	 as	
expressed	 (Ardiyanti,	 2016)	 In	 the	 test	 taker's	 answer,	 the	 inconsistency	 of	 the	 test	
taker's	answer	can	also	mean	that	the	test	taker	is	careless	in	answering	the	questions	
so	that	it	affects	the	reliability	value	of	the	person/subject	to	be	low.	(Pratama,	2020).			

	
CONCLUSION		
Based	 on	 the	 results	 of	 the	 analysis	 of	 the	 Final	 Semester	 Exams,	 several	
characteristics	of	the	test	and	test	takers	can	be	described	as	follows;	1)	the	estimated	
validity	 of	 items	 fit	 or	matched	 the	 Rasch	model	 for	 40	 items	with	 an	 INFIT	MNSQ	
value	 range	between	0.94	–	1.11	and	all	 items	on	 the	 test	 can	be	used	based	on	 the	
results	of	 the	estimated	OUTFIT	 t	value	≤	2.00,	OUTFIT	 t	analysis	obtained	39	 items	
that	fit.	2)	all	items	were	analyzed	with	the	estimated	level	of	difficulty	of	the	items	in	
the	very	difficult	category	of	0%.	Items	in	the	difficult	category	are	8	items	or	21%,	the	
medium	item	category	is	23	items	or	59%,	the	easy	category	is	8	items	or	21%	and	the	
items	in	the	very	easy	category	are	0%.	In	general,	the	test	taker's	ability	is	below	the	
item	difficulty	level.	3)	the	value	of	reliability	of	item	estimate	is	0.95	with	very	good	
category	and	the	value	of	reliability	of	case	estimate	is	0.00	with	weak	category.	Based	
on	the	results	of	the	analysis	using	the	Rasch	model,	in	general,	the	instrument	for	this	
semester's	final	exam	can	be	used.	However,	it	is	not	appropriate	if	the	measurement	
results	are	used	for	decision	making	based	on	students'	abilities	(Primi	et	al.,	2016).	
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