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ABSTRACT  ARTICLE 
INFORMATION 

This	research	aims	to	develop	and	evaluate	a	high-quality	Complex	Problem	
Solving	 (CPS)	 test	 instrument	 based	 on	 global	warming	 issues	 to	 assess	
students'	Computational	Thinking	(CT)	skills.	Global	warming	was	chosen	
because	 of	 its	 contextual	 relevance	 in	 21st-century	 education	 and	 its	
potential	to	promote	higher-order	thinking.	The	instrument	consists	of	six	
essay	 questions	 that	 require	 students	 to	 demonstrate	 complex	 problem-
solving	 skills,	 including	 decomposition,	 pattern	 recognition,	 abstraction,	
and	algorithmic	 thinking.	The	method	used	 in	 this	study	 is	Research	and	
Development	 (R&D),	which	 contains	 five	 stages:	 1)	 analysis	 of	 needs;	 2)	
development	 of	 the	 instrument;	 3)	 validation	 by	 an	 expert;	 4)	 trial	
instruments;	and	5)	data	analysis	using	the	Rasch	Model.	This	instrument	
was	evaluated	using	the	Rasch	model	to	examine	the	validity,	reliability,	and	
difficulty	level	of	its	items,	which	were	analyzed	using	the	Minister	3.80.1	
software.	The	results	showed	that	the	instrument	achieved	the	"very	valid"	
categories	for	content	and	construct	validity.	The	raw	variance	explained	
by	 the	 measure	 was	 76.20%,	 classified	 as	 "specific,"	 indicating	 strong	
empirical	validity.	The	Cronbach's	alpha	(KR-20)	value	was	0.91,	indicating	
the	instrument's	high	reliability.	The	item	reliability	value	was	0.94,	and	the	
person	 reliability	 was	 0.89.	 This	 means	 that	 students'	 consistency	 in	
answering	questions	was	good,	and	the	instrument	had	high	reliability.	The	
distribution	of	item	difficulty	levels	was	balanced,	allowing	students	to	be	
distinguished	by	their	abilities	at	various	levels.	It	can	be	concluded	that	this	
instrument	 is	 reliable	 and	 valid.	 Thus,	 this	 instrument	 can	 measure	
students'	computational	thinking	skills	on	global	warming..	
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INTRODUCTION 
Climate	 change,	 particularly	 global	 warming,	 has	 become	 a	 complex,	 multidisciplinary,	 and	

pressing	global	issue	for	addressing	(Blue	&	Relations,	2023).	The	average	temperature	of	the	Earth	
has	increased	by	1.1°C	since	the	pre-industrial	era,	triggering	the	melting	of	ice	at	the	poles,	rising	sea	
levels,	and	an	increasing	frequency	of	hydrometeorological	disasters	such	as	floods	and	waves	(IPCC,	
2007).	In	Indonesia,	data	from	the	Meteorology,	Climatology,	and	Geophysical	Agency	indicate	that	
the	maximum	daily	temperature	in	some	areas	has	exceeded	35°C	for	more	than	30	consecutive	days	
(Supari	 et	 al.,	 2017).	 This	 condition	 demonstrates	 that	 global	 warming	 is	 not	 only	 a	 scientific	
phenomenon	 but	 also	 a	 challenge	 that	 demands	 the	 	 involvement	 of	 active	 participants	 in	
understanding,	 analyzing,	 and	 seeking	 solutions	 (Arifa,	 2023;	 Nasution,	 2019).	 Therefore,	 system	
education	in	the	modern	era	is	not	only	focused	on	aspects	of	cognitive	theory	but	also	emphasizes	
the	 importance	 of	mastering	 skills	 at	 a	 high	 level,	 such	 as	 breaking	 down	 complex	 problems	 and	
thinking	critically	about	real	and	global	computational	life	issues	(Nouri	et	al.,	2020).	



327 

	
Jurnal	Pemberdayaan	Masyarakat	4(2)	2025	|	Hal.	326-337	

 

In	curriculum	education	nationally	and	internationally,	Computational	Thinking	(CT)	is	one	of	
the	 essential	 competencies	 of	 the	 21st	 century,	 as	 it	 supports	 the	 breakdown	 of	 problems	 across	
disciplines	(Wing,	2006;	Yadav	et	al.,	2017).	CT	includes	ability	decomposition,	introduction	patterns,	
abstraction,	 and	 formulation	 algorithms	 that	 enable	 students	 to	 think	 systematically	 and	 solve	
problems	 (Sengupta	 et	 al.,	 2013).	 CT	 can	 be	 implemented	 through	 learning	 science-based	 and	
contextual	 approaches,	 such	 as	 addressing	 issues	 like	 global	 warming,	 which	 drives	 students	 to	
explore	real	solutions	(Christensen,	2023).	Besides,	the	Complex	Problem	Solving	(CPS)	approach	is	
also	necessary.	However,	based	on	searches	conducted	on	the	OECD	webpage	regarding	PISA	2022	
results,	Indonesian	students'	computational	thinking	skills	are	still	classified	as	low	(OECD,	2023).	In	
evaluation,	 Indonesian	 students'	 average	mathematics	 score	was	 366	 points,	 far	 below	 the	 OECD	
average	of	472	points.		According	 to	Fadilah	(2024),	 students	with	a	certain	 level	of	mathematical	
disposition	can	only	fulfill	all	indicators,	such	as	computational,	in	solving	problem	type	C4.	Based	on	
the	Merdeka	Curriculum	and	Directions	Profile	for	Pancasila	students,	learning	physics	is	expected	to	
emphasize	cognitive	aspects	and	the	ability	to	solve	complex	problems	based	on	real-world	contexts	
(Wahyudin	 et	 al.,	 2024).	 This	 signifies	 that	 the	 ability	 of	 students	 to	model	mathematics	 and	 use	
problem-solving	strategies	for	more		complex	problems,	which	is	the	core	of	computational	thinking,	
still	needs	significant	improvement.	

Preliminary	observations	at	one	of	the	state	high	schools	in	Karawang	indicate	that	students'	
computational	thinking	abilities	remain	low.	Based	on	the	test,	the	diagnostics	given	to	35	students	in	
class	11	MIPA	show	significant	weakness.	Only	14.29%	of	 students	 could	answer	correctly	on	 the	
"Abstraction"	and	"Algorithm"	indicators,	while	85.71%	of	students	experienced	errors.	The	"Pattern	
Recognition"	indicator	was	answered	correctly	by	only	34.29%	of	students,	and	"Decomposition"	by	
48.57%.	The	high	error	in	indicators	shows	that	students	are	not	yet	used	to	the	process	of	thinking	
systematically,	which	becomes	a	 foundational	breakdown	problem	 in	 the	digital	and	 technological	
context.	Several	studies	have	tried	to	develop	instrument	measurement	skill	levels	based	on	global	
issues,	but	many	are	partial	and	not	yet	standardized.	Wijnia	et	al.	(2024)	concluded	that	a	problem-
based	 assessment	 approach	 is	more	 effective	 in	 increasing	 students'	 relevance	 and	motivation	 to	
study	global	issues.	Assessment	based	on	context	is	also	assessed	more	authentically	because	it	can	
facilitate	integrative	skills	between	science	and	real	life	(Greiff	et	al.,	2015).	Therefore,	development	
instrument	evaluation	is	a	specific	measure	of	CT	in	the	context	of	the	global	warming	issue.	To	ensure	
the	quality	of	instruments,	the	use	of	the	Rasch	approach	becomes	particularly	relevant	because	it	can	
objectively	and	empirically	evaluate	validity,	reliability,	and	the	level	of	difficulty	of	questions	(Bond	
&	Fox,	2015;	Sumintono	et	al.,	2015).	The	Rasch	model	provides	superior	statistics,	such	as	fit	analysis,	
item-person	 map,	 and	 identification	 of	 misfitting	 items,	 which	 allow	 for	 the	 development	 of	
instruments	that	are	not	only	theoretical	but	also	practical	in	the	field	of	education.	

This	research	aims	to	evaluate	the	quality	of	the	CPS-based	test	instrument	in	the	context	of	
global	warming,	assessing	the	computational	thinking	skills	of	high	school	students.	The	evaluation	
was	conducted	using	the	Rasch	approach	to	assess	the	validity,	construct,	reliability,	and	effectiveness	
of	 item	questions	 in	 students	with	varying	abilities	 (Hamzah	et	 al.,	 2022).	Rahmawati	 (2020)	and	
Planinic	et	al.	(2019)	demonstrate	that	the	Rasch	Model	effectively	addresses	the	question	breakdown	
problem	in	physics.	Besides	that,	Yin	et	al.	(2020)	also	found	that	CT	can	serve	as	a	framework	for	
comprehensively	evaluating	the	physics	of	ability	breakdown	problems.	This	strengthens	the	urgency	
of	the	development	instrument	and	the	validity	and	contextual	assessment	based	on	global	issues.	The	
study's	 results	 are	 expected	 to	 contribute	 to	 strengthening	 the	 literacy	 environment,	 designing	
learning	 for	 the	 21st	 century,	 and	 developing	 policy-supportive	 education	 that	 encourages	 active	
student	participation	in	addressing	real-world	challenges.	
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METHOD	
This	 research	 applies	 a	 Research	 and	 Development	 (R&D)	 approach	 (Sugiyono,	 2019)	 to	

develop	a	computational	thinking	(CT)	skills	test	instrument	based	on	complex	problem	solving	(CPS)	
for	 the	 global	 warming	 material.	 Design	 activity	 in	 the	 study	 refers	 to	 the	 stages	 of	 instrument	
development,	according	to	Mardapi	(2008),	which	consist	of	five	stages.	The	stages	are:	(1)	analysis	
needs,	(2)	development	of	the	instrument,	(3)	validation	by	an	expert,	(4)	trial	instruments,	and	(5)	
data	analsis	using	the	Rasch	Model.	These	stages	are	shown	in	Figure	1.	

Figure	1.	The	stages	of	the	research	
	
Stages	are	in	harmony	with	the	development	of	research	procedures	(Boone,	2016;	Mardapi,	

2008).	Researchers	developed	 this	 instrument	 to	measure	 students'	 computational	 thinking	 skills.	
This	test	consists	of	six	essay	questions	that	require	complex	problem-solving	on	the	topic	of	global	
warming.	Essay	questions	were	 selected	 to	 facilitate	 in-depth	analysis	of	 students'	 ability	 to	 solve	
problems	through	the	stages	of	computational	thinking.	The	Computational	Thinking	framework	used	
to	develop	this	test	is	based	on	Wing	(2006),	where	the	CT	aspects	measured	consist	of	decomposition,	
pattern	recognition,	abstraction,	and	algorithms.	This	research	focused	on	30	students	from	Class	XI	
of	 SMA	Negeri	 1	 Jatisari	Karawang,	who	 studied	material	 on	 global	warming	during	 their	 Physics	
lessons	 in	 the	 2024/2025	 academic	 year.	 Instruments	 are	mainly	 in	 the	 form	 of	 question-shaped	
descriptions	and	sheet	validation	experts.	Data	was	collected	through	validation	content	by	experts	
and	implementation	tests	with	students	to	obtain	responses	from	participants	to	the	instrument.	

Data	was	analyzed	with	two	approaches.	First,	the	validity	of	the	content	was	analyzed	using	
Aiken's	V	to	ensure	conformity	of	the	content	and	construction	instruments	based	on	evaluation	by	
experts.	 Second,	 the	 analysis	 employed	 the	 Rasch	 model	 approach	 using	 the	 Ministeps	 device	
software.	Analysis	 includes	item	fit	assessment	(infit	and	outfit	MNSQ,	ZSTD),	 level	difficulty	 items	
(logit),	 reliability,	 and	 index	 separation	by	 item	and	participants,	 as	well	 as	 person-item	mapping	
(Wright	map).	The	variables	mainly	studied	are	CT	skills,	which	consist	of	decomposition,	pattern	
recognition,	abstraction,	and	algorithmic	thinking	(Wing,	2006).	

The	results	of	the	Rasch	analysis	are	based	on	revision	instruments	that	produce	valid,	reliable,	
and	appropriate	measurements	for	assessing	students'	CT	skills	in	the	context	of	global	warming.	The	
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Rasch	model	was	chosen	in	the	study	because	of	its	ability	to	answer	the	five	fundamental	principles	
in	measurement	knowledge	as	put	forward	by	Mok	and	Wright:	(a)	producing	size	on	a	linear	scale;	
(b)	 accommodating	 missing	 data	 without	 bother	 parameters	 estimation;	 (c)	 provide	 precise	
parameter	estimation;	(d)	detecting	item	and	response	participants	who	do	not	misfit;	and	(e)	allows	
replication	results	in	a	way	consistent	(Sumintono	et	al.,	2015).	

The	use	of	the	Rasch	model	in	this	context	is	based	on	its	characteristics,	which	allow	for	the	
measurement	ability	of	individuals	to	be	equal,	regardless	of	variation	from	instrument	measurement,	
and	is	effective	in	the	form	of	tests	and	questionnaires	(Khine,	2020).	Estimating	latent	constructs	is	
carried	out	through	the	analysis	of	the	interaction	between	the	individual's	ability	and	the	item's	level	
of	difficulty,	allowing	for	the	testing	of	the	extent	to	which	participants	can	complete	every	question	
based	on	the	different	levels	of	ability	and	complexity	countered	(Engelhard	Jr.	&	Wang,	2025).	Thus,	
the	Rasch	model	provides	a	framework	for	powerful	analytics	to	study	validity	and	reliability	tools	
measuring	in	the	context	of	modern	psychometrics.	
 
RESULTS AND DISCUSSION 

For	 instrumentation,	 CPS	 issues	 a	 global	 warming	 developed	 researcher	 used	 to	 identify	
students'	CT	ability	in	the	school	medium.	In	the	study,	the	CPS	tool	CT	diagnostics	was	developed	by	
researchers	to	measure	the	ability	to	create	and	solve	problems	by	utilizing	draft-based	computing,	
consisting	 of	 four	 indicators:	 decomposition,	 pattern	 recognition,	 abstraction,	 and	 algorithm.	 CPS	
issues	of	global	warming	are	evaluated	based	on	the	question	description.	This	test	consists	of	a	six-
question	 description,	 divided	 into	 four	 customized	 sub-chapters,	 each	with	 four	 CT	 indicators	 for	
every	item	question.	Content	validity	related	to	level	conformity	between	the	question	items	and	the	
indicator	of	CT	skills.	The	study	used	five	categories	to	answer	determinant	validity:	Very	Appropriate	
(VA),	Appropriate	(A),	Sufficient	(S),	Inappropriate	(I),	and	Very	Inappropriate	(VI).	Analysis	results	
of	the	conformity	for	each	item	in	the	CT	test,	analyzed	using	Aiken's	V,	are	summarized	in	Table	1.	

	
Table	1	Results	of	analysis	of	CT	questions	with	Aiken	V	

No	Question	
Coefficient	Validity	of	V	Aiken	

Material	 Construction	 Language	 Average	 Category	
1	 0.95	 0.96	 1.00	 0.97	 Very	Valid	
2	 0.95	 0.83	 1.00	 0.93	 Very	Valid	
3	 0.97	 1.00	 1.00	 0.99	 Very	Valid	
4	 0.97	 1.00	 1.00	 0.99	 Very	Valid	
5	 0.95	 1.00	 1.00	 0.98	 Very	Valid	
6	 0.95	 1.00	 1.00	 0.98	 Very	Valid	

	
Table	1	shows	 the	calculation	of	 the	results	using	Aiken	V	on	6	 items,	 the	question	 that	 the	

researcher	developed.	From	the	6-items	question,	all	questions	are	categorized	as	"very	valid,"	which	
indicates	that	every	item	question	developed	by	researchers	has	fulfilled	the	criteria:	good	materials,	
construction,	and	 language.	Thus,	 the	CPS	 test	 instrument	can	be	used	 to	measure	 the	CT	skills	of	
participants	in	education.	

The	 items,	which	were	 the	 questions	 that	 fulfilled	 the	 criteria	 for	 validity	 of	 Aiken	 V,	were	
further	tested	with	30	participants	from	an	XI	high	school	class	that	had	to	learn	about	the	topic	of	
global	warming.	Every	participant	asked	for	answers	to	all	the	Computational	Thinking	instrument	
test	questions.	The	response	data	obtained	from	the	trial	are	then	analyzed	through	several	stages	of	
evaluation.	Stages	begin	by	testing	the	validity	of	the	construct	instruments,	which	are	analyzed	using	
the	Rasch	Model	approach.	
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Validity	construct	refers	to	the	extent	to	which	a	person's	score	on	an	instrument	accurately	
represents	and	reflects	the	theoretical	meaning	of	the	construct	being	measured	(Cronbach	&	Meehl,	
1955).	In	context	measurement	using	the	Rasch	Model,	the	validity	construct	can	be	identified	through	
item	 dimensionality	 analysis	 (Sumintono	 &	 Widhiarso,	 2014).	 The	 ideal	 instrument	 has	 several	
minimum	dimensions,	as	the	shown	instrument	can	measure	the	construct	in	question	in	a	consistent	
and	focused	manner.	Item	dimensionality	is	determined	based	on	the	raw	variance	value	explained	by	
the	measures	and	the	unexplained	variance	in	the	first	contrast.	The	criteria	for	the	feasibility	of	item	
dimensionality	 used	 in	 this	 research	 follow	 the	 guidelines	 outlined	 in	 Table	 2,	 as	 proposed	 by	
Sumintono	and	Widhiarso	(2014).	

	
Table	2.	Item	Dimensionality	Value	Categories	

Mark	 Interpretation	

Raw	variance	explained	by	measures	
>20%	(accepted)	
>40%	(appropriate)	
>60%	(special)	

Unexplained	variance	1st	contrast	
Eigenvalue	<	3	
Observed	<	15%	

	
This	test	was	processed	using	MINISTEP	software,	version	5.3.3.1,	and	the	results	are	presented	

in	Figure	2.	

	
Figure	2.	MINISTEP	output	of	instrument	dimensionality	items,	CPS	test	for	measuring	CT	skills.	

	
Figure	2	indicates	that	every	group	owns	its	own	item	statement.	The	raw	variance	is	explained	

by	a	measured	value	of	76.20%,	which	 falls	under	 the	 "special"	 classification.	 In	addition,	 the	 raw	
unexplained	variance	value	of	7%	indicates	 that	 the	proportion	of	variance	 the	 instrument	cannot	
explain	is	relatively	small,	suggesting	that	the	items	in	the	instrument	CT	test	meet	the	assumption	of	
unidimensionality.	Based	on	the	findings,	it	can	be	concluded	that	the	items	test	has	adequate	validity	
in	 measuring	 the	 CT	 capability	 of	 educated	 participants.	 To	 evaluate	 item	 quality	 more	
comprehensively,	an	advanced	analysis	was	carried	out	through	empirical	validity	testing.	

An	empirical	validation	was	conducted	using	the	evaluation	level	conformity	item	question	(fit	
statistic)	 in	 conjunction	 with	 the	 Rasch	 measurement	 model	 to	 assess	 the	 quality	 of	 the	 item	
instruments.	Data	for	validation.	This	was	obtained	through	a	trial	limited	to	the	field.	The	validity	of	
the	analysis	process	is	empirically	determined	by	utilizing	the	Rasch	Model	through	the	MINISTEP	
software.	One	of	the	main	menus	used	in	the	analysis	is	the	Output	Tables,	specifically	Table	10.	Item	
Fit	 Order	 presents	 information	 about	 the	 compatibility	 of	 the	 model	 with	 the	 data	 (item	 fit).	
Assessment	validity	is	measured	using	an	item	instrument	based	on	three	leading	indicators:	outfit	
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mean-square	 (MNSQ),	 outfit	 z-standard	 (ZSTD),	 and	 point-measure	 correlation	 (PTMEASURE-AL	
CORR),	all	presented	in	logit	units.	The	criteria	for	eligibility	of	items	were	determined	based	on	the	
limitation	recommended	value	 in	 the	 literature	 (Bond	&	Fox,	2015;	Boone,	2016;	Kurnianto	et	al.,	
2023;	Sumintono	et	al.,	2015),	as	summarized	in	Table	3.	

	
Table	3.	Criteria	Compliance	Item	Question	

Criteria	 Value	Range	
MNSQ	 0.50	<	MNSQ	<	1.50	
ZSTD	 -2.00	<	ZSTD	<	+2.0	
PTMEASUR-AL	CORR	 0.32	<	PTMEASUR-AL	CORR	<	0.85	

	
Then,	 each	 value	 from	 the	 third	 criterion	 is	 interpreted	 in	 accordance	with	 Sumintono	 and	

Widhiarso	(2014),	as	shown	in	Table	4.	
	

Table	4.	Interpretation	Compliance	Item	Question	
Condition	 Interpretation	
The	third	criterion	is	fulfilled.	 Very	Appropriate	
Two	of	the	three	criteria	are	fulfilled	 Appropriate	
One	of	the	three	criteria	is	fulfilled	 Inappropriate	
No	criteria	fulfilled	 Very	Inappropriate	

	
Table	 4	 presents	 the	 interpretation	 of	 determining	 the	 conformity	 of	 each	 item	 in	 the	

instrument	 with	 the	 Rasch	 measurement	 model.	 This	 suitability	 can	 indicate	 that	 items	 in	 the	
instrument's	quality	as	a	tool	measure.	Analysis	results,	in	conformity	with	the	item-by-item	question	
test	literacy	science	from	MINISTEP,	are	presented	in	the	form	of	an	Item	Statistics	table.	The	misfit	
order	is	illustrated	in	Figure	2.	Items	that	are	decided	to	be	used	are	presented	in	Table	5.	

	

	
Figure	3	MINISTEP	output	item	fit	order	instrument	CT	test	
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Table	5.	Validity	Results	of	Empirical	Items	in	the	Question	CT	Test	
Item	

Question	
Outfit	 PT	Measure	

Corr	
Condition	 Interpretation	 Decision	

MNSQ	 ZSTD	

1	 1.06	 0.30	 0.77	
Third	 criteria	
fulfilled	

Very	
Appropriate	

Used	

2	 0.66	 -0.20	 0.82	
Third	 criteria	
fulfilled	

Very	
Appropriate	

Used	

3	 0.95	 0.08	 0.83	
Third	 criteria,	
met	

Very	
Appropriate	

Used	

4	 0.47	 -0.73	 0.89	
One	 of	 three	
criteria	fulfilled	

Appropriate	
Nope	
Used	

5	 2.14	 1.16	 0.75	
Two	 from	 three	
criteria,	met	

Appropriate	 Used	

6	 0.67	 -0.65	 0.90	
Two	 from	 three	
criteria,	met	

Appropriate	 Used	

	
Table	5	presents	the	results	of	the	analysis	of	the	conformity	item	question	based	on	the	Rasch	

model,	which	shows	the	existence	of	several	items	that	do	not	fulfill	the	set	criteria.	Non-conformity	
is	marked	with	visual	indicators	in	the	form	of	colored	logit	values	(red)	in	both	outfit	parameters	and	
point-measure	correlation.	Based	on	the	analysis	of	the	results,	the	Outfit	mean-square	(MNSQ)	value	
is	outside	the	recommended	tolerance	range	for	two-item	questions,	specifically	for	items	numbers	4	
and	5.	Meanwhile,	based	on	the	z-standard	outfit	value	(ZSTD),	no	item	question	is	found	that	does	
not	 meet	 the	 criteria.	 Furthermore,	 in	 the	 point-measure	 correlation	 indicator	 (PTMEASURE-AL	
CORR),	there	are	two-item	questions	that	do	not	meet	the	criteria	for	conformity,	namely	items	4	and	
6.	

Based	on	the	interpretation	of	the	results	analysis	conformity	item,	item	questions	are	classified	
into	three	categories,	namely	"Very	Appropriate,"	"Appropriate,"	and	"Inappropriate.	"	Items	classified	
in	 the	 categories	 "Very	 Appropriate"	 and	 "Appropriate"	 are	 considered	 worthy	 of	 use	 as	 tool	
measures.	However,	there	are	item	questions	included	in	the	category	"Very	Inappropriate",	namely	
item	number	4.	One	 item	shows	 low	performance	as	a	 tool	measure,	 so	 it	 is	 stated	as	 invalid	and	
necessary	due	to	instrument	measurement	issues.	Thus,	from	the	6-item	questions	developed	in	the	
CT	test,	as	many	as	five	items	were	declared	valid	and	can	be	used	for	the	needs	study.	

Before	being	used	as	a	measurement	tool,	instruments	were	formerly	tested	to	identify	the	level	
of	stability	of	the	resulting	scores,	or	what	is	known	as	reliability.	The	instrument	can	be	considered	
reliable	 if	 it	 can	 produce	 accurate	 and	 consistent	 measurements	 of	 ability	 from	 respondents.	
Evaluation	reliability	in	the	study	is	achieved	through	Rasch	analysis	using	the	MINISTEP	software.	

In	 Rasch's	 analysis,	 the	 reliability	 of	 the	 instrument	 was	 reviewed	 based	 on	 three	 main	
parameters:	person	reliability,	item	reliability,	and	Cronbach's	Alpha.	Person	reliability	represents	the	
level	of	 consistency	 in	answers	between	respondents;	 item	reliability	 indicates	 the	quality	of	 item	
questions.	In	contrast,	Cronbach's	Alpha	value	reflects	the	instrument's	internal	consistency,	which	
measures	the	consistency	of	responses	across	items	(Bond	&	Fox,	2015).	Interpretation	of	the	person	
reliability	and	item	reliability	values	refers	to	the	guidelines	put	forward	by	Sumintono	and	Widhiarso	
(2015),	which	are	presented	in	detail	in	Table	6.	
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Table	6.	Interpretation	of	Person	Reliability	
		and	Item	Reliability	Values.	

Value	Requirements	 Interpretation	
0.94	<	Value	 Very	Good	
0.90	<	Value	<	0.94	 Good	
0.80	<	Value	<	0.90	 Enough	
0.67	<	Value	<	0.80	 Poor	
Value	<	0.67	 Very	Poor	

	
Meanwhile,	the	Cronbach	alpha	values	(Sumintono	&	Widhiarso,	2015)	are	provided	in	Table	7	

for	interpretation.	
Table	7.	Interpretation	of	Reliability	Test	Based	

on	Cronbach	Alpha	Value	(𝛼)	
Value	Requirements	 Interpretation	
0.80	<	α		 Very	Good	
0.70	<	α	<	0.80	 Good	
0.60	<	α	<	0.70	 Enough	
0.50	<	α	<	0.60	 Poor	
α	<	0.50	 Very	Poor	

	
Analysis	results	from	the	reliability	question	test	literacy	science,	as	presented	by	Ministep,	are	

presented	in	the	form	of	output	tables.	Summary	Statistics	are	presented	in	Figure	4.	
	

		
Figure	4.	MINISTEP	summary	statistics	instrument	output	CT	test	
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Based	on	Figure	4,	the	results	of	the	reliability	analysis	for	the	instrument	test	of	literacy	science	
show	diversity	 in	 three	 indicators.	The	person	reliability	value	of	0.89	 is	classified	as	"very	good,"	
which	indicates	the	consistency	of	the	participant's	responses	to	the	items'	questions.	This	condition	
can	be	caused	by	various	factors,	such	as	the	participant's	 level	of	understanding	of	the	questions,	
their	ability	to	work	on	the	questions,	and	whether	the	focus	is	on	artistry	questions.	

The	item	reliability	value	reached	0.94,	which	is	in	the	"very	good"	category.	This	value	reflects	
the	high	internal	consistency	of	the	item	questions,	which	were	developed,	and	demonstrates	that	the	
instrument	 has	 adequate	 capability	 to	 measure	 CT	 capabilities	 accurately.	 This	 finding	 also	
strengthens	the	suspicion	that	the	process	of	compiling	instruments	has	been	done	systematically	and	
structured,	although	it	involved	a	limited	number	of	participants.	The	Cronbach's	alpha	value	is	0.91,	
which	falls	within	the	"very	good"	category,	 indicating	high	internal	consistency	of	the	instrument.	
Overall,	 a	 combination	 of	 high	 item	 reliability	 values	 and	 a	 high	 Cronbach's	 alpha	 supports	 the	
conclusion	that	this	CT	test	has	a	decent	level	of	reliability	for	use.	

Analysis	level	difficulties	aiming:	To	identify	variation	level	difficulties	in	every	item	question	
and	describe	the	distribution	of	questions	based	on	the	level	of	difficulties.	In	a	study,	analysis-level	
difficulties	were	addressed	using	the	Rasch	model	approach	through	the	MINISTEP	software.	Every	
item	is	completed	in	reference	to	the	Output	Tables:	Item	Measure.	Determination	level	difficulties	are	
based	on	the	measured	value	in	logit	units.	The	output	of	the	analysis	is	used	to	classify	item	questions	
based	 on	 logit	measure	 values	 and	 standard	 deviation	 (SD)	 obtained	 from	 JMLE	 (Joint	Maximum	
Likelihood	Estimation)	estimation,	as	proposed	by	Sumintono	and	Widhiarso	(2015).	The	criteria	for	
classifying	the	difficulty	level	of	the	question	items	are	detailed	in	Table	8.	

	
Table	8.	Difficulty	Level	Criteria	Item	Question	
Value	Requirements	 Difficulty	Level	

1SD	<	Measure	 Very	Difficult	
0	<	Measure	<	1SD	 Difficult	
-1SD	<	Measure	<	0	 Easy	
Measure	<	-1SD	 Very	easy	

	
Analysis	results	 in	 level	difficulties	 item	question	test	 literacy	science	from	MINISTEP	in	the	

form	of	an	appearance	table	Item	Statistics:	Measure	Order	is	presented	in	Figure	4.	
	

	
Figure	4.	Output	of	MINISTEP	item	measure	instrument	test	CT	
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Based	on	Figure	4,	the	item	'difficult	question'	is	item	question	number	4,	while	the	item	'very	
easy	question'	is	item	question	number	5.	For	categorizing	the	difficulty	level	of	each	question,	the	
classification	of	P.SD	results	obtained	from	the	Output	Fit	Order	is	presented	in	Table	9.	

	
Table	9.	Distribution	of	Difficulty	Levels	Item	Question	Test	CT.	

Logit	Measure	Value	 Difficulty	Level	 Item	Question	 Amount	Item	Question	
2.23	<	M	 Very	Difficult	 S4	 1	
0	<	M	≤	2.23	 Difficult	 S6	 1	
−2.23	≤	M	≤	0	 Easy	 S1,	S2,	S3	 3	
M	<	−2.23	 Very	easy	 S5	 1	

	
Based	on	Table	9,	the	CT	test	instrument	developed	in	this	study	demonstrates	a	varied	level	of	

item	difficulty	distribution.	Specifically,	16.6%	of	the	items	were	categorized	as	"Very	Difficult,"	16.6%	
as	"Difficult,"	50%	as	"Easy,"	and	16.6%	as	"Very	Easy."	This	even	spread	of	item	difficulty	across	all	
categories	 indicates	 that	 the	 instrument	 avoids	 clustering	within	 a	 single	 difficulty	 level,	which	 is	
essential	 for	 accurately	 distinguishing	 students'	 abilities.	 From	 the	 total	 of	 six	 items	 constructed,	
Rasch	model	analysis	revealed	that	two	items	did	not	meet	the	criteria	for	validity	and	item	fit,	leading	
to	 their	 elimination.	 Item	 number	 4	 showed	 low	 discrimination	 power,	 particularly	 in	 assessing	
students'	ability	 to	determine	 the	correct	problem-solving	phase	based	on	computational	 thinking	
(CT)	stages.	

Meanwhile,	item	5	met	only	two	criteria	(validity	and	difficulty	level)	and	was	thus	excluded.	
The	final	 instrument,	 therefore,	consists	of	 four	validated	items	(items	1,	2,	3,	and	6)	that	meet	all	
psychometric	criteria	and	adequately	reflect	CT	dimensions.	Each	validated	item	integrates	a	global	
warming	 context	 with	 CT	 components,	 including	 the	 decomposition	 of	 climate-related	 data,	
identification	 of	 emission	 patterns,	 abstraction	 of	 problem-solving	 frameworks,	 and	 algorithmic	
procedures.	 This	 integration	 reflects	 the	multidimensional	 nature	 of	 CT	 and	 situates	 it	 within	 an	
authentic,	real-world	issue—global	warming,	which	adds	to	the	contextual	richness	and	relevance	of	
the	instrument.	

The	novelty	 of	 this	 study	 lies	 in	 developing	 and	 validating	 a	 CT	 test	 instrument	 specifically	
contextualized	 within	 global	 warming	 issues,	 which	 is	 currently	 underrepresented	 in	 existing	
educational	 assessments.	While	previous	CT	assessments	often	 focus	on	generic	or	programming-
based	 tasks,	 this	 instrument	brings	 a	 real-world,	 complex	problem-solving	dimension	 that	 is	 both	
authentic	and	interdisciplinary.	In	the	learning	process,	students	need	to	gain	meaningful	experiences	
to	 optimally	 develop	 computational	 thinking	 skills	 (Fajri	 et	 al.,	 2019).	 Assessment	 through	 test	
instruments	is	one	approach	that	can	be	used	to	measure	these	abilities	(Ling	et	al.,	2018).	Based	on	
the	results	of	the	previous	discussion,	several	limitations	exist	in	developing	this	instrument.	First,	the	
instrument	has	limited	flexibility,	making	it	less	suitable	for	use	on	other	topics	without	significant	
modification.	Second,	this	instrument	was	only	developed	for	students	at	grade	X	level,	so	it	has	not	
been	 able	 to	 measure	 computational	 thinking	 skills	 at	 other	 grade	 levels.	 Third,	 the	 focus	 of	
instrument	development,	which	is	limited	to	global	warming,	narrows	the	scope	of	the	material	and	
does	not	comprehensively	represent	students'	abilities	in	the	context	of	Physics	subjects	in	general.		

However,	 this	 study	 also	 has	 several	 advantages.	 First,	 the	 instrument	 developed	 has	 the	
potential	 to	 encourage	 students	 to	 improve	 their	 computational	 thinking	 skills.	 Second,	 global	
warming	as	a	topic	of	study	is	a	complex	issue	that	naturally	demands	critical	thinking	skills,	complex	
problem-solving,	and	computational	thinking;	therefore,	it	is	very	suitable	to	be	used	as	an	authentic	
context	in	instrument	development.	Third,	the	relevance	of	global	warming	to	the	current	curriculum	
approach,	which	emphasizes	issue-based	and	contextual	learning,	makes	this	instrument	an	effective	
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tool	for	educators	in	assessing	student	competencies	in	accordance	with	the	direction	of	curriculum	
policy.	Fourth,	this	instrument	is	beneficial	for	students	and	can	also	be	used	by	educators	to	improve	
their	computational	thinking	competencies.	

In	line	with	Sulsilah	et	al.	(2023),	the	use	of	the	Rasch	model	further	increases	the	contribution	
of	 this	 research	 by	 providing	 objective	 measurements,	 identifying	 misfitting	 items,	 and	 allowing	
precise	mapping	of	student	abilities.	This	ensures	not	only	better	assessment	quality	but	also	greater	
potential	 for	 adaptive	 learning	 interventions.	 In	 terms	 of	 scientific	 contribution,	 this	 instrument	
provides	 a	 formative	 and	 summative	 assessment	 tool	 for	 educators	 aiming	 to	 foster	 21st-century	
skills,	particularly	CT,	 in	environmental	science	education.	This	aligns	with	Maharani	et	al.	 (2019),	
who	 state	 that	 an	 algorithm	 is	 one	 of	 the	 components	 of	 computational	 thinking,	 which,	 if	
appropriately	designed,	can	facilitate	the	problem-solving	process.		
 
CONCLUSION 

An	instrument-based	test	for	global	warming	was	developed	in	the	study	using	CPS.	This	has	
been	proven	to	be	valid	and	reliable	for	measuring	the	CT	skills	of	high	school	students.	Rasch	Model	
analysis	provides	 information-rich	diagnostics,	 allowing	 educators	 to	 evaluate	 students'	 quality	 of	
Items	and	capabilities	accurately.	This	instrument's	potential	is	applied	in	evaluation	learning	based	
on	problems,	as	well	as	a	tool	to	help	increase	skills	in	the	21st	century.	Research	should	be	continued	
with	the	implementation	of	instrument	test	diagnostics	on	students.	
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