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Abstract	
Science	literacy	remains	a	challenge	in	secondary	education,	particularly	in	scientific	domains	requiring	conceptual	
understanding,	 scientific	 reasoning	 and	 real-world	 application.	 This	 study	 assessed	 science	 literacy	 in	 electricity,	
magnetism	 and	 alternative	 energy	 among	 urban	 junior	 high	 school	 students	 in	 Indonesia	 and	 evaluated	 the	
measurement	quality	of	the	assessment	instrument	using	the	Rasch	model.	A	quantitative	descriptive	design	involved	
550	Grade	IX	students	from	selected	urban	schools.	Rasch	person-fit	analysis	using	infit	and	outfit	mean	square	criteria	
(0.50–1.50)	 identified	 61	misfitting	 respondents,	 resulting	 in	 a	 final	 sample	 of	 489	 students.	 The	 instrument	was	
developed	according	to	the	PISA	2018	science	literacy	framework	and	analyzed	using	the	Dichotomous	Rasch	Model.	
The	analysis	examined	person	ability,	 item	difficulty,	reliability,	 item	fit,	unidimensionality,	 local	 independence	and	
measurement	precision.	Results	 demonstrated	 acceptable	psychometric	 properties,	with	Cronbach’s	 alpha	of	 0.81,	
person	reliability	of	0.78	and	item	reliability	of	0.85.	Unidimensionality	was	supported	by	42.5%	variance	explained	
by	measures	and	a	first	residual	contrast	eigenvalue	of	1.9,	while	local	independence	criteria	were	satisfied.	The	mean	
person	measure	of	−0.45	logits	indicated	that	student	ability	was	below	the	average	item	difficulty	level,	suggesting	
generally	low	science	literacy	in	the	assessed	domains.	The	findings	indicate	a	gap	between	expected	competencies	and	
student	 performance	 in	 fundamental	 physics	 and	 energy-related	 concepts.	 The	 study	 provides	 psychometrically	
grounded	evidence	for	improving	science	assessment	and	instruction.	
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Introduction	
Science	 literacy	 is	 a	 central	 concern	 in	
contemporary	 education	 because	 it	 enables	
individuals	 to	 understand	 scientific	 concepts,	
evaluate	 evidence	 and	 apply	 knowledge	 to	 real-
world	 situations.	 Contemporary	 science	 literacy	
therefore	 extends	 beyond	 factual	 knowledge	 to	
include	 scientific	 reasoning,	 interpretation	 of	
information	 and	 informed	 decision-making	 (1).	
These	competencies	are	increasingly	important	in	
the	 context	 of	 technological	 development,	
environmental	 challenges	 and	 sustainability.	 In	
Indonesia,	 however,	 students	 continue	 to	
experience	 difficulties	 when	 required	 to	 apply	
conceptual	 understanding	 rather	 than	 recall	
isolated	 information.	 This	 concern	 is	 particularly	
relevant	 in	electricity,	magnetism	and	alternative	
energy,	 which	 involve	 abstract	 relationships,	
invisible	processes,	symbolic	representations	and	

connections	 between	 scientific	 principles	 and	
everyday	 technologies	 (2,	 3).	Difficulties	 in	 these	
domains	 may	 limit	 students’	 ability	 to	 interpret	
energy	systems,	understand	technological	applica-
tions	and	engage	with	sustainability-related	issues	
(4).	 The	 challenge	 is	 also	 influenced	 by	 the	
educational	context.	Although	urban	schools	may	
have	greater	 access	 to	 educational	 infrastructure	
and	 learning	 resources,	 substantial	 differences	
remain	 in	 instructional	 quality,	 classroom	
conditions	 and	 student	 backgrounds	 (5).	 At	 the	
junior	high	school	 level,	students	are	expected	to	
progress	from	basic	knowledge	acquisition	toward	
interpretation,	 reasoning	 and	 application.	 When	
instruction	 emphasizes	 memorization	 or	 is	
disconnected	 from	 authentic	 contexts,	 students	
may	 have	 difficulty	 developing	 meaningful	
conceptual	understanding	and	applying		
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knowledge	 to	 unfamiliar	 situations	 (6).	 Previous	
research	 has	 documented	 misconceptions	 in	
electricity	 and	 magnetism	 and	 emphasized	 the	
value	 of	 contextualized	 approaches	 to	 science	
learning	(7).	Research	on	science	literacy	has	also	
highlighted	 the	 importance	 of	 teaching	practices,	
resources	and	student	engagement.	Nevertheless,	
much	 of	 the	 existing	 evidence	 focuses	 either	 on	
conceptual	difficulties	and	instructional	strategies	
or	 on	 general	 science	 literacy	 levels,	 rather	 than	
providing	precise	measurement	of	literacy	within	
specific	scientific	domains	(8).	A	further	limitation	
concerns	measurement.	Conventional	assessments	
commonly	summarize	performance	through	total	
scores,	which	may	describe	how	students	perform	
but	 provide	 limited	 information	 about	 the	
relationship	 between	 student	 ability	 and	 item	
difficulty.	Advanced	psychometric	approaches	can	
provide	 more	 diagnostic	 evidence	 by	 examining	
respondent	 response	 patterns	 and	 instrument	
functioning	simultaneously	(9).	The	Rasch	model	is	
particularly	 relevant	 because	 it	 estimates	 person	
ability	and	item	difficulty	on	a	common	logit	scale	
while	allowing	researchers	to	examine	respondent	
and	 item	 fit,	 reliability,	 unidimensionality,	 local	
independence	 and	 measurement	 precision	 (10,	
11).	Although	Rasch	methods	have	been	applied	in	
educational	and	science	assessment,	their	use	for	
domain-specific	 science	 literacy	 in	 electricity,	
magnetism	 and	 alternative	 energy	 among	 urban	
Indonesian	 junior	 high	 school	 students	 remains	
limited	(12).	Consequently,	evidence	is	still	needed	
that	 can	 distinguish	 students’	 actual	 ability	 from	
potential	 weaknesses	 in	 the	 measurement	
instrument.	
Science	literacy	in	this	study	is	conceptualized	as	a	
measurable	latent	construct	representing	students’	
ability	 to	 interpret,	 reason	 and	 apply	 scientific	
concepts	 in	 structured	 assessment	 tasks.	 The	
assessment	 is	 guided	 by	 the	 PISA	 2018	 science	
literacy	 framework,	 particularly	 competencies	
related	 to	 explaining	 phenomena	 scientifically,	
interpreting	 data	 and	 evidence	 and	 applying	
scientific	 reasoning	 (13).	 These	 competencies	
guide	item	construction	rather	than	functioning	as	
separate	 measured	 variables.	 Electricity,	
magnetism	and	 alternative	 energy	 are	 treated	 as	

content	contexts	through	which	science	literacy	is	
demonstrated.	 Electricity	 and	 magnetism	
represent	foundational	scientific	and	technological	
concepts,	 while	 alternative	 energy	 connects	
scientific	 understanding	 with	 sustainability	 and	
contemporary	 energy	 challenges.	 This	 structure	
allows	the	study	to	examine	science	literacy	within	
defined	 contexts	 while	 maintaining	 a	 coherent	
measurement	construct.	
The	 urban	 educational	 context	 further	 supports	
the	 need	 for	 precise	 measurement.	 Access	 to	
resources	 alone	 does	 not	 guarantee	 high-quality	
science	learning	because	students	may	experience	
differences	in	classroom	conditions,	individualized	
support,	instructional	practices	and	opportunities	
to	 connect	 curriculum	 content	 with	 lived	
experience	 (14,	 15).	 However,	 existing	 studies	
often	describe	these	contextual	challenges	without	
providing	 detailed	 evidence	 of	 domain-specific	
science	 literacy	 (16).	 A	 psychometrically	 sound	
instrument	 can	 therefore	 contribute	 information	
that	is	useful	for	interpreting	student	performance	
and	 identifying	 whether	 the	 assessment	
adequately	represents	the	targeted	ability	range.	
The	present	study	addresses	this	gap	by	combining	
a	 PISA-informed	 science	 literacy	 construct	 with	
Rasch-based	 diagnostic	 measurement	 in	 an	
Indonesian	urban	 junior	high	school	context.	The	
study	aims	to	assess	science	literacy	in	electricity,	
magnetism	 and	 alternative	 energy,	 evaluate	 the	
psychometric	 quality	 of	 the	 assessment	
instrument	 and	 examine	 the	 distribution	 of	
student	 ability	 relative	 to	 item	 difficulty.	 Its	
novelty	 lies	 in	 simultaneously	 examining	 student	
ability	 and	 instrument	 functioning	 within	 one	
measurement	 framework	 rather	 than	 relying	
solely	 on	 aggregate	 scores.	 This	 approach	 is	
intended	 to	 provide	 evidence	 that	 can	 support	
science	assessment	development	and	instructional	
improvement	in	conceptually	demanding	areas.	
Figure	1	shows	the	conceptual	relationship	among	
the	 central	 latent	 construct	 of	 science	 literacy,	
PISA-based	competencies,	the	content	contexts	of	
electricity,	magnetism	and	alternative	energy	and	
the	 Rasch	 model	 linking	 observed	 responses	 to	
person	ability	and	item	difficulty.	
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Figure	1:	Conceptual	Structure	of	Science	Literacy	Assessment	in	Electricity,	Magnetism	and	Alternative	

Energy	Based	on	the	PISA	Framework	
	

The	study	is	guided	by	three	research	questions:	
a) What	 is	 the	 level	 of	 science	 literacy	 among	

urban	junior	high	school	students	in	Indonesia	
in	 electricity,	 magnetism	 and	 alternative	
energy?		

b) Does	 the	 assessment	 instrument	demonstrate	
acceptable	 psychometric	 quality	 based	 on	
Rasch	 model	 assumptions	 and	 reliability	
indicators?	

c) How	are	student	abilities	distributed	in	relation	
to	item	difficulty	within	the	assessed	domains?	

	

Methodology	
Research	Design	
This	 study	 employed	 a	 quantitative	 descriptive	
research	 design	 using	 Rasch	 model	 analysis	 to	
assess	 science	 literacy	 among	 urban	 junior	 high	
school	 students.	 The	 selection	 of	 this	 design	 is	
directly	aligned	with	the	research	objective,	which	
is	 to	 measure	 the	 level	 of	 science	 literacy	 and	
evaluate	 the	 psychometric	 quality	 of	 the	
assessment	 instrument	 without	 establishing	
causal	 relationships.	 A	 descriptive	 approach	 is	
appropriate	 because	 the	 study	 focuses	 on	
documenting	 and	 diagnosing	 existing	 conditions	
rather	 than	 testing	 interventions	 or	 predicting	
outcomes.	 The	 Rasch	model	 was	 adopted	 as	 the	
analytical	 framework	 because	 it	 provides	 a	
probabilistic	measurement	structure	that	enables	
the	 estimation	 of	 both	 student	 ability	 and	 item	
difficulty	 on	 a	 common	 scale.	 This	 characteristic	
makes	 it	 particularly	 suitable	 for	 addressing	 the	
research	 questions,	 which	 require	 an	 integrated	
analysis	 of	 learner	 performance	 and	 instrument	
functioning.	
Study	Setting	and	Participants	
The	 study	 was	 conducted	 in	 urban	 junior	 high	
schools	in	Indonesia,	focusing	on	students	enrolled	
in	Grade	IX.	The	participating	schools	were	located	
in	 metropolitan	 and	 densely	 populated	 urban	
areas	 characterized	 by	 heterogeneous	 student	

populations.	 Although	 these	 schools	 generally	
possessed	access	to	science	laboratories,	 internet	
facilities	 and	 curricular	 resources,	 variations	
existed	in	instructional	quality,	classroom	size	and	
socioeconomic	background.	Such	diversity	reflects	
the	realities	of	urban	educational	environments	in	
Indonesia	and	provides	an	appropriate	context	for	
investigating	variation	in	science	literacy.	
The	 sampling/research	 site	 was	 located	 in	 an	
urban	area	of	 Indonesia	at	approximately	6.20°	S	
and	 106.82°	 E.	 These	 coordinates	 represent	 the	
approximate	 geographic	 location	 of	 the	 research	
area	 and	 are	 provided	 for	 general	 site	
identification	while	maintaining	the	privacy	of	the	
participating	schools	and	students.	
The	 urban	 setting	 was	 selected	 to	 represent	
educational	 environments	 characterized	 by	
diverse	instructional	conditions,	varying	access	to	
learning	resources	and	exposure	to	scientific	and	
technological	 contexts.	 Grade	 IX	 students	 were	
chosen	because	they	had	completed	 foundational	
science	 instruction	 and	 were	 expected	 to	
demonstrate	 the	 ability	 to	 apply	 scientific	
knowledge	across	domains.	This	selection	ensured	
that	 the	 participants	 possessed	 the	 necessary	
background	 to	 engage	 meaningfully	 with	
assessment	items	related	to	electricity,	magnetism	
and	alternative	energy.	
Sampling	and	Inclusion	Criteria	
A	 purposive	 sampling	 strategy	 was	 employed	 to	
select	 participants	 who	 met	 specific	 inclusion	
criteria,	 namely	 enrolment	 in	Grade	 IX	 and	prior	
exposure	to	relevant	science	content.	A	total	of	550	
students	were	initially	recruited	for	participation.	
Following	data	collection,	person-fit	analysis	was	
conducted	 using	 Infit	 Mean	 Square	 (MNSQ)	 and	
Outfit	Mean	 Square	 (MNSQ)	 statistics.	 Consistent	
with	Rasch	measurement	guidelines,	respondents	
with	 fit	 values	 outside	 the	 acceptable	 range	 of	
0.50-1.50	were	considered	to	exhibit	inconsistent	
response	 patterns	 and	 were	 excluded	 from	
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subsequent	analyses.	Of	 the	550	respondents,	61	
did	 not	 satisfy	 these	 criteria	 and	were	 removed,	
resulting	in	a	final	sample	of	489.	The	exclusion	of	
misfitting	respondents	was	performed	to	enhance	
measurement	 validity	 by	 ensuring	 that	 person	
estimates	 were	 derived	 from	 response	 patterns	
consistent	 with	 model	 expectations.	 Although	
exclusion	 reduced	 sample	 size	 by	 11.09%,	 the	
remaining	 sample	 substantially	 exceeded	 the	
minimum	 recommended	 size	 for	 stable	 Rasch	
calibration	 and	 therefore	 did	 not	 threaten	
analytical	precision.	
Instrument	Development	and	Content	
Coverage	
The	assessment	instrument	was	developed	based	
on	 the	 PISA	 2018	 science	 literacy	 framework	 to	
ensure	 conceptual	 alignment	 with	 established	
standards	 of	 scientific	 competence.	 Items	 were	
constructed	to	reflect	three	integrated	dimensions:	
explaining	scientific	phenomena,	interpreting	data	
and	evidence	and	applying	scientific	reasoning.		
These	 domains	were	 selected	 because	 electricity	
and	 magnetism	 constitute	 foundational	 concepts	
within	 secondary	 school	 physics	 and	 are	
consistently	 associated	 with	 conceptual	
misconceptions	 among	 learners	 (17).	 Alternative	
energy	 was	 included	 because	 of	 its	 increasing	
significance	 for	 sustainability	 education	 and	
energy	 literacy	 within	 contemporary	 science	
curricula.	 Together,	 these	 domains	 represent	
scientifically	 important	 and	 societally	 relevant	
contexts	 through	 which	 science	 literacy	 can	 be	
assessed	(18,	19).	
These	 dimensions	 were	 embedded	 within	 three	
content	 domains:	 electricity,	 magnetism	 and	
alternative	 energy.	 Each	 item	 was	 designed	 to	
require	students	to	engage	with	scientific	concepts	
within	 contextualized	 situations,	 thereby	
capturing	 both	 conceptual	 understanding	 and	
applied	 reasoning.	 Content	 validity	 was	 ensured	
through	alignment	with	curriculum	standards	and	
expert	 review,	 confirming	 that	 the	 instrument	
adequately	 represents	 the	 targeted	 domains	 and	
competencies.	
Operationalization	of	the	Construct	
Science	literacy	in	this	study	is	operationalized	as	
a	 latent	variable	 representing	 students’	 ability	 to	
respond	 correctly	 to	 domain-specific	 assessment	
items.	 This	 construct	 is	 measured	 through	
observed	 item	responses,	which	are	 transformed	
into	 logit	 values	 using	 the	 Rasch	 model.	 Person	

ability	estimates	reflect	the	probability	of	a	student	
successfully	 responding	 to	 items	 of	 varying	
difficulty.	 This	 operationalization	 establishes	 a	
direct	 and	 consistent	 relationship	 between	 the	
conceptual	construct,	the	observed	responses	and	
the	 measurement	 output.	 By	 maintaining	 this	
structure,	 the	 study	 ensures	 that	 the	 construct	
defined	in	the	conceptual	framework	is	measured	
without	modification	or	reinterpretation.	
Data	Collection	Procedures	
Data	 collection	 was	 carried	 out	 through	 the	
standardized	 administration	 of	 the	 assessment	
instrument	 in	 participating	 schools.	 Students	
completed	 the	 instrument	 under	 controlled	
conditions	 with	 uniform	 instructions	 to	 ensure	
consistency	 across	 respondents.	 Adequate	 time	
was	 provided	 to	 complete	 the	 assessment,	
minimizing	 the	 influence	 of	 time	 constraints	 on	
performance.	 Responses	 were	 recorded,	 coded	
and	prepared	for	analysis	through	systematic	data	
entry	 and	 verification	 procedures.	 Data	 cleaning	
was	 conducted	 to	 ensure	 completeness	 and	
accuracy	 prior	 to	 analysis.	 All	 data	 were	
anonymized	 to	protect	participant	confidentiality	
and	to	comply	with	ethical	research	standards.	
Rasch	Model	Analysis	Procedures	
Because	all	test	items	were	scored	dichotomously	
(correct	=	1,	incorrect	=	0),	the	Dichotomous	Rasch	
Model	 was	 selected	 for	 analysis.	 This	 model	 is	
appropriate	for	binary	response	data	and	enables	
direct	 estimation	 of	 person	 ability	 and	 item	
difficulty	on	a	common	logit	scale.	
Data	 analysis	 was	 conducted	 using	 Rasch	
measurement	software	to	estimate	person	ability	
and	 item	 difficulty	 parameters.	 The	 analysis	
followed	a	structured	sequence	designed	to	ensure	
compliance	with	Rasch	model	assumptions.	Person	
fit	 analysis	 was	 first	 performed	 to	 identify	
respondents	with	 inconsistent	 response	 patterns	
and	 misfitting	 cases	 were	 excluded	 to	 maintain	
measurement	validity.	One-dimensionality	testing	
was	 conducted	 to	 confirm	 that	 the	 instrument	
measures	 a	 single	 underlying	 construct,	 using	
variance	 explained	 and	 residual	 analysis.	 Local	
independence	 was	 assessed	 through	 residual	
correlation	analysis	to	ensure	that	item	responses	
were	independent	given	the	latent	trait.	
Item	 fit	 statistics	 were	 evaluated	 to	 determine	
whether	 individual	 items	 functioned	 consistently	
with	model	 expectations.	Reliability	 analysis	was	
conducted	 to	 assess	 the	 consistency	 of	
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measurement	 across	 respondents.	 Group	
invariance	testing	was	performed	to	evaluate	the	
stability	 of	 item	 difficulty	 across	 different	
respondent	groups.	Person	ability	estimates	were	
then	 calculated	 to	 determine	 the	 distribution	 of	
science	literacy	levels	among	students.	Finally,	the	
test	information	function	was	examined	to	assess	
the	 precision	 of	 measurement	 across	 different	
ability	levels.	
The	 analytical	 procedure	 is	 grounded	 in	 the	
assumptions	 of	 the	 Rasch	 model,	 including	
independence	of	observations,	one-dimensionality	
and	 a	 probabilistic	 relationship	 between	 ability	
and	 response.	These	 assumptions	were	explicitly	
tested	 to	 ensure	 that	 the	 resulting	 estimates	 are	
valid	 and	 interpretable.	 The	 criteria	 used	 to	
evaluate	 Rasch	 measurement	 quality	 are	
presented	in	Table	1.	
Validity	And	Reliability	Procedures	
Validity	 and	 reliability	 were	 evaluated	 using	
Rasch-based	 indices	 that	 provide	 evidence	 of	
measurement	 quality.	 Construct	 validity	 was	
assessed	 through	 one-dimensionality	 testing	 and	
item	 fit	 statistics,	 ensuring	 that	 the	 instrument	

measures	 a	 coherent	 latent	 construct.	 Reliability	
was	 assessed	 using	 person	 reliability	 indices,	
indicating	 the	stability	of	ability	estimates	across	
respondents.	 Interpretation	 thresholds	 were	
based	 on	 established	 Rasch	 guidelines,	 with	
acceptable	 fit	 statistics	 indicating	 conformity	 to	
model	expectations	and	reliability	values	reflecting	
consistent	 measurement.	 These	 procedures	
ensure	that	the	instrument	produces	valid,	reliable	
and	interpretable	estimates	of	science	literacy.	
Ethical	Considerations	
Ethical	approval	for	the	study	was	obtained	from	
the	 relevant	 institutional	 authority	 prior	 to	 data	
collection.	 Permission	 was	 also	 secured	 from	
participating	 schools.	 Students	 participated	
voluntarily	and	informed	consent	was	obtained	in	
accordance	 with	 ethical	 guidelines	 for	 research	
involving	 minors.	 All	 data	 were	 handled	
confidentially	and	no	identifying	information	was	
included	 in	 the	 dataset.	 The	 study	 adhered	 to	
principles	 of	 ethical	 research	 conduct,	 including	
respect	 for	 participants,	 data	 protection	 and	
responsible	reporting.	

	

Table	1:	Rasch	Model	Analytical	Criteria	Used	in	the	Assessment	of	Science	Literacy	Instrument	Quality	
Aspect	 Indicator	 Threshold	 Interpretation	
Person	Fit	 Infit/Outfit	MNSQ	 0.5	–	1.5	 Acceptable	response	consistency	
Item	Fit	 Infit/Outfit	MNSQ	 0.5	–	1.5	 Item	functions	as	expected	
One-dimensionality	 Variance	explained	 ≥	20%	 Single	construct	confirmed	
Local	Independence	 Residual	correlation	 <	0.30	 Items	independent	
Reliability	 Person	reliability	 ≥	0.70	 Stable	measurement	
Measurement	Precision	 Information	function	 Peak	near	mean	ability	 Adequate	sensitivity	
	

Results	
Participant	Screening	and	Person	Fit	
Results	
A	 total	 of	 550	 respondents	were	 included	 in	 the	
initial	 dataset.	 Rasch	 person	 fit	 analysis	 was	
conducted	 using	 infit	 and	 outfit	 mean	 square	
statistics	to	evaluate	response	consistency.	Based	
on	 the	 predefined	 fit	 criteria	 [0.5–1.5],	 61	
respondents	 were	 identified	 as	 misfitting	 and	
excluded	from	further	analysis.	

The	final	dataset	used	for	all	subsequent	analyses	
consisted	 of	 489	 respondents	 whose	 response	
patterns	 met	 the	 Rasch	 model	 fit	 requirements.	
The	distribution	of	 respondents	across	 screening	
categories	is	presented	in	Table	2.	
A	summary	profile	of	the	retained	respondents	is	
provided	 in	 Table	 3.	 The	 complete	 list	 of	
respondent	identifiers	is	included	in	Appendix	A.	

	

Table	2:	Summary	of	Person	Fit	Screening	Results	
Category	 Number	of	Respondents	 Percentage	(%)	
Initial	sample	 550	 100	
Misfit	respondents	removed	 61	 11.09	
Retained	fit	respondents	 489	 88.91	
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Table	3:	Summary	Profile	of	Fit	Respondents	after	Rasch	Screening	
Category	 Description	
Total	retained	respondents	 489	
Fit	criteria	applied	 Infit	and	outfit	MNSQ	within	0.5–1.5	
Dataset	used	for	analysis	 Fit	respondents	only	
	

Rasch	Model	Assumption	Tests	
Rasch	 model	 assumptions	 were	 evaluated	 using	
one-dimensionality	 testing,	 local	 independence	
analysis	and	group	 invariance	assessment	on	 the	
retained	 sample	 (n	 =	 489).	 One-dimensionality	
was	 assessed	 through	 variance	 explained	 by	
measures	and	first	contrast	eigenvalue.	The	results	
are	presented	in	Table	4.	

Local	 independence	 was	 assessed	 using	 residual	
correlation	analysis	between	 item	pairs.	 Selected	
representative	 results	 are	 presented	 in	 Table	 5,	
with	 all	 observed	 correlations	 below	 the	
predefined	threshold.	
Group	invariance	was	assessed	by	comparing	item	
difficulty	estimates	across	subgroups.	A	summary	
of	representative	item	trends	is	presented	in	Table	
6.	

	

Table	4:	One-dimensionality	Test	Results	for	the	Science	Literacy	Instrument	
Indicator	 Observed	Value	 Criterion	 Decision	
Variance	explained	by	measures	(%)	 42.5	 ≥	20%	 Meets	criterion	
First	contrast	eigenvalue	 1.9	 <	2.0	 Meets	criterion	
	

Table	5:	Local	Independence	Test	Results	Based	on	Residual	Correlation	
Item	pair	 Residual	Correlation	 Criterion	 Decision	
Item	3	–	Item	7	 0.21	 <	0.30	 Meets	criterion	
Item	5	–	Item	9	 0.18	 <	0.30	 Meets	criterion	
Item	10	–	Item	12	 0.25	 <	0.30	 Meets	criterion	
	

Table	6:	Group	Invariance	Results	across	Item	Difficulty	and	Average	Measure	Pattern	
Item	 Average	Measure	Trend	 Decision	
Item	1	 Stable	across	groups	 Invariant	
Item	4	 Stable	across	groups	 Invariant	
Item	8	 Stable	across	groups	 Invariant	
	

Table	7:	Reliability	Indices	of	The	Science	Literacy	Instrument	and	Respondent	Measures	
Index	 Value	 Interpretation	Label	
Cronbach’s	alpha	 0.81	 Reported	value	
Person	reliability	 0.78	 Reported	value	
Item	reliability	 0.85	 Reported	value	
	

Reliability	Results	
Reliability	analysis	was	conducted	on	the	retained	
sample	(n	=	489)	to	evaluate	internal	consistency	
and	 measurement	 stability.	 Cronbach’s	 alpha,	
person	reliability	and	item	reliability	indices	were	
calculated.	The	results	are	presented	in	Table	7.	
As	 shown	 in	 Table	 8,	 the	 additional	 Rasch	
measurement	 indicators	 demonstrate	 acceptable	
measurement	 quality	 and	 further	 support	 the	

suitability	of	the	instrument	for	assessing	science	
literacy.	
Person	Measure	and	Ability	
Distribution	
Person	 ability	 estimates	 were	 calculated	 using	
Rasch	logit	measures	for	the	retained	sample	(n	=	
489).	 The	 summary	 statistics	 are	 presented	 in	
Table	9.	

	

Table	8:	Additional	Rasch	Measurement	Indicators	
Indicator	 Value	
Person	Separation	 1.89	
Item	Separation	 2.45	
Mean	Item	Infit	MNSQ	 1.02	
Mean	Item	Outfit	MNSQ	 1.04	
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PCA	Residual	Variance	Explained	 42.5%	
First	Residual	Contrast	 1.9	
	

Table	9:	Summary	of	Person	Measure	Statistics	
Statistic	 Value	
Mean	person	measure	(logit)	 -0.45	
Maximum	person	measure	 2.10	
Minimum	person	measure	 -2.35	
Standard	deviation	 0.88	
	

	
Figure	2:	Test	Information	Function	of	The	Science	Literacy	Instrument	in	Electricity,	Magnetism	and	

Alternative	Energy	
(Figure	generated	using	Winsteps	software	(Version	5.8.3)	based	on	Rasch	Model	Analysis	of	Respondent	Data)	

	

Test	Information	Function	
The	 test	 information	 function	 was	 estimated	 to	
examine	measurement	precision	across	the	ability	
continuum.	The	function	distribution	is	presented	
in	Figure	2.	
Figure	2	shows	the	test	information	function	of	the	
science	 literacy	 instrument.	 The	 function	 peaks	
near	 the	 central	 ability	 range,	 indicating	 that	 the	
instrument	 provides	 the	 highest	 measurement	
precision	 for	 students	 with	 moderate	 science	
literacy	 levels,	 while	 precision	 decreases	 toward	
lower	and	higher	ability	extremes.	
Overall	Level	of	Science	Literacy	in	the	
Assessed	Domains	
The	 mean	 person	 measure	 obtained	 from	 the	
Rasch	analysis	for	the	retained	sample	(n	=	489)	is	
-0.45	 logits.	 The	 observed	 range	 of	 person	
measures	 extends	 from	 -2.35	 to	 2.10	 logits.	 The	
distribution	 of	 person	measures	 indicates	 that	 a	
larger	 proportion	 of	 respondents	 are	 located	
below	the	zero-logit	reference	point.	

Discussion	
Direct	Answer	to	the	Research	
Questions	
The	results	indicate	that	the	distribution	of	student	
ability,	as	estimated	through	Rasch	measurement,	
is	positioned	below	the	central	reference	point	of	
item	difficulty.	This	positioning	establishes	that	the	
assessed	level	of	science	literacy	is	not	aligned	with	
the	 demand	 structure	 of	 the	 instrument	 (20).	 At	
the	 same	 time,	 the	 instrument	 satisfies	 Rasch	
model	assumptions	and	demonstrates	acceptable	
reliability,	 indicating	 that	 the	 measurement	
outcomes	 are	 internally	 consistent.	 The	
relationship	 between	 person	measures	 and	 item	
difficulty	 further	 shows	 that	 a	 substantial	
proportion	of	students	are	located	at	lower	levels	
of	 the	 measurement	 scale	 relative	 to	 the	 task	
requirements	 (21).	 These	 findings	 collectively	
address	 the	 research	 questions	 by	 establishing	
both	 the	 level	 of	 science	 literacy	 and	 the	
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psychometric	 validity	 of	 the	 assessment	
framework	(22).	
The	instrument	explained	42.5%	of	total	variance,	
substantially	 exceeding	 the	 minimum	 20%	
criterion	 commonly	 recommended	 for	 Rasch	
measurement.	 Furthermore,	 the	 first	 residual	
contrast	eigenvalue	was	1.9,	below	the	threshold	of	
2.0,	indicating	an	absence	of	meaningful	secondary	
dimensions.	 Together,	 these	 findings	 provide	
strong	 evidence	 supporting	 unidimensional	
measurement	 and	 confirm	 that	 the	 instrument	
functions	as	a	coherent	measure	of	science	literacy	
across	the	assessed	domains.	
Interpreting	the	Level	of	Science	
Literacy	in	the	Assessed	Domains	
The	observed	positioning	of	person	ability	relative	
to	 item	 difficulty	 reflects	 a	 structural	 mismatch	
between	student	capability	and	task	demand	(23).	
Within	 the	 Rasch	 framework,	 this	 mismatch	
indicates	 that	 students	 are	 less	 likely	 to	
successfully	 engage	 with	 items	 requiring	
integrated	scientific	reasoning	across	the	domains	
of	 electricity,	 magnetism	 and	 alternative	 energy	
(24).	This	pattern	suggests	that	science	literacy,	as	
operationalized	in	this	study,	is	not	functioning	as	
a	fully	integrated	competence	among	the	assessed	
population.	
This	 interpretation	 is	 grounded	 in	 the	 construct	
definition,	 where	 science	 literacy	 requires	 the	
coordination	of	 conceptual	knowledge,	 reasoning	
and	 contextual	 application.	 The	 distribution	 of	
ability	 implies	 that	 students	 are	 more	 likely	 to	
operate	at	 lower	 levels	of	 this	 integration,	where	
knowledge	 may	 exist	 but	 is	 not	 consistently	
mobilized	 in	 problem-solving	 contexts	 (25).	 The	
finding	 therefore	 reflects	 a	 limitation	 in	 the	
functional	application	of	science	knowledge	rather	
than	the	absence	of	content	exposure.	
Science	Literacy	in	Electricity,	
Magnetism	and	Alternative	Energy	in	
Relation	to	Prior	Studies	
The	 present	 findings	 are	 consistent	 with	
established	 research	 identifying	 electricity	 and	
magnetism	as	domains	associated	with	persistent	
conceptual	 difficulty.	 Previous	 studies	 have	
documented	that	learners	encounter	challenges	in	
understanding	 abstract	 relationships	 such	 as	
current	 flow	 and	 field	 interaction.	 The	 current	
study	extends	this	body	of	work	by	demonstrating	
that	these	conceptual	challenges	are	reflected	in		

measurable	 differences	 between	 student	 ability	
and	 item	 difficulty	 within	 a	 unified	 assessment	
scale	(26).	
In	the	case	of	alternative	energy,	prior	research	has	
emphasized	its	importance	as	a	contextual	domain	
but	 has	 largely	 focused	 on	 instructional	
approaches	 rather	 than	 measurement	 outcomes.	
The	 present	 findings	 contribute	 to	 this	 gap	 by	
providing	 empirical	 evidence	 of	 student	
performance	 within	 alternative	 energy	 contexts	
using	 a	 standardized	 measurement	 model	 (27).	
This	 represents	 a	 shift	 from	 descriptive	 or	
instructional	 studies	 toward	 quantitative	
assessment	 of	 domain-specific	 literacy	 (28).	 At	 a	
broader	 level,	 the	 findings	 align	 with	 studies	
reporting	uneven	development	of	science	literacy	
in	secondary	education.	However,	the	use	of	Rasch	
analysis	 introduces	 a	 methodological	 distinction	
by	 allowing	 direct	 comparison	 between	 person	
ability	and	item	demand	(29).	This	provides	a	more	
precise	representation	of	literacy	distribution	than	
aggregate	 scoring	 approaches,	 thereby	
contributing	 methodological	 refinement	 to	 the	
field	(30).	
Implications	of	Rasch-based	Diagnostic	
Evidence	for	Science	Assessment	
The	 application	of	 the	Rasch	model	 in	 this	 study	
provides	 a	 measurement	 framework	 that	
integrates	 student	 performance	 and	 instrument	
evaluation	within	a	single	analytical	system.	Unlike	
conventional	 scoring	 methods,	 Rasch	 analysis	
produces	interval-level	measures	that	allow	direct	
comparison	 between	 person	 ability	 and	 item	
difficulty	 (31).	 This	 enables	 identification	 of	
alignment	or	misalignment	between	learners	and	
assessment	 tasks	 (32).	 The	 findings	 show	 that	
Rasch-based	 measurement	 supports	 diagnostic	
interpretation	by	revealing	how	student	ability	is	
distributed	 relative	 to	 task	 demand,	 highlighting	
areas	where	difficulty	exceeds	capability	(33).	The	
confirmation	 of	 model	 assumptions	 further	
indicates	 that	 the	 instrument	 functions	
consistently,	 supporting	 measurement	 validity.	
From	 a	 methodological	 perspective,	 the	 study	
demonstrates	 that	 Rasch	 analysis	 can	 be	
effectively	 applied	 to	 domain-specific	 science	
literacy	 assessment,	 integrating	 construct	
definition,	item	design	and	statistical	analysis	into	
a	coherent	structure	(34,	35).	
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Factors	Contributing	to	Low	Science	
Literacy	
Several	 factors	may	explain	the	observed	literacy	
levels.	 First,	 electricity	 and	 magnetism	 involve	
abstract	concepts	that	are	not	directly	observable,	
increasing	 cognitive	 demand	 and	 contributing	 to	
misconceptions	 (36).	 Second,	 science	 instruction	
frequently	emphasizes	procedural	completion	and	
factual	 recall	 rather	 than	 conceptual	 integration	
and	 reasoning.	 Third,	 alternative	 energy	 topics	
may	receive	limited	instructional	attention	despite	
their	increasing	relevance	within	science	curricula	
(37).	 Finally,	 variability	 in	 urban	 educational	
environments	 may	 influence	 students’	
opportunities	 to	 engage	 meaningfully	 with	
scientific	concepts	and	practices.	
Educational	Implications	for	Urban	
Science	Learning	Contexts	
The	results	also	carry	educational	implications	for	
urban	 science	 learning	 contexts.	 The	 observed	
ability	 distribution	 suggests	 that	 current	
instructional	approaches	may	not	fully	support	the	
development	 of	 integrated	 scientific	 reasoning.	
This	highlights	the	need	for	strategies	emphasizing	
conceptual	 linkage	 and	 application	 rather	 than	
isolated	 knowledge	 acquisition,	 particularly	 in	
abstract	 domains	 such	 as	 electricity	 and	
magnetism.	Additionally,	Rasch-based	assessment	
enables	 identification	of	domain-specific	 learning	
gaps,	 supporting	 more	 targeted	 and	 adaptive	
instructional	 practices	 in	 diverse	 urban	
educational	settings.	
Limitations	of	the	Study		
The	 scope	 of	 this	 study	 is	 defined	 by	 several	
limitations.	 The	 sample	 is	 restricted	 to	 Grade	 IX	
students	 in	 selected	 urban	 Indonesian	 schools,	
limiting	 the	 generalizability	 of	 the	 findings.	 The	
descriptive	 design	 does	 not	 allow	 for	 causal	
explanation	 of	 the	 observed	 patterns	 in	 science	
literacy.	 The	 assessment	 is	 also	 limited	 to	 three	
domains,	which	do	not	represent	the	full	range	of	
scientific	 literacy.	 In	 addition,	 the	 use	 of	 a	 single	
instrument	means	that	the	findings	are	dependent	
on	 the	 structure	 and	 content	 of	 that	 instrument.	
Although	the	instrument	demonstrated	acceptable	
psychometric	properties,	further	validation	across	
different	 contexts	 and	 populations	 would	
strengthen	the	robustness	of	the	results.	
	
	

Directions	for	Future	Research	
Future	 research	 may	 extend	 this	 work	 by	
examining	 science	 literacy	 across	 different	
educational	 contexts,	 including	 rural	 and	 non-
urban	 populations.	 Comparative	 studies	 could	
provide	insight	into	contextual	variation	in	science	
literacy	distribution.	 Intervention-based	 research	
may	explore	how	instructional	strategies	influence	
the	relationship	between	student	ability	and	task	
difficulty.	 Longitudinal	 studies	 would	 allow	 for	
analysis	 of	 changes	 in	 science	 literacy	 over	 time,	
providing	a	developmental	perspective.	Additional	
research	 may	 also	 focus	 on	 expanding	 domain	
coverage	 and	 validating	 assessment	 instruments	
across	 broader	 contexts.	 These	 directions	 would	
contribute	 to	 a	 more	 comprehensive	
understanding	 of	 science	 literacy	 measurement	
and	development.	
	

Conclusion	
This	study	addresses	the	need	for	precise,	domain-
specific	 assessment	 of	 science	 literacy	 among	
urban	 junior	 high	 school	 students	 in	 Indonesia,	
focusing	on	electricity,	magnetism	and	alternative	
energy.	 Using	 a	 Rasch-based	 framework,	 the	
findings	 show	 that	 student	 ability	 is	 positioned	
below	 task	 demand,	 indicating	 a	 misalignment	
between	 expected	 competencies	 and	 actual	
performance.	The	main	contribution	of	this	study	
is	 the	 provision	 of	 psychometrically	 grounded	
diagnostic	evidence	linking	person	ability	and	item	
difficulty	within	a	unified	measurement	system.	By	
moving	 beyond	 conventional	 score-based	
evaluation,	 the	 study	 provides	 a	 structured	
representation	 of	 science	 literacy	 relative	 to	
domain-specific	 demands	 and	 demonstrates	 the	
value	 of	 combining	 construct-based	 assessment	
with	measurement	precision.	
This	study	is	limited	to	a	descriptive	and	diagnostic	
analysis	 of	 science	 literacy	 among	 Grade	 IX	
students	in	selected	urban	Indonesian	schools.	The	
design	 does	 not	 support	 causal	 inference	 or	
prediction	 of	 outcomes.	 The	 findings	 represent	
measured	 literacy	 levels	 within	 the	 domains	 of	
electricity,	magnetism	and	alternative	energy	and	
reflect	the	performance	of	the	sampled	population	
under	the	conditions	of	the	assessment.	The	results	
should	therefore	be	interpreted	within	this	defined	
scope,	ensuring	that	conclusions	remain	consistent	
with	the	study	design	and	available	evidence.	



Alifah	et	al.,																																																																																																																																																		Vol	7	ǀ	Issue	4	

 
160 

Future	research	should	extend	the	assessment	to	
rural	 and	 other	 educational	 contexts,	 include	
broader	 scientific	 domains	 and	 examine	 the	
instrument	 with	 larger	 and	 more	 diverse	
populations.	Longitudinal	and	 intervention-based	
studies	 may	 also	 provide	 further	 evidence	
regarding	the	development	of	science	literacy	and	
the	 effectiveness	 of	 instructional	 strategies.	
Overall,	 this	 study	 establishes	 a	 coherent	 link	
between	 science	 literacy,	 domain-specific	
assessment	 and	 Rasch-based	 measurement,	
providing	 useful	 evidence	 for	 improving	 science	
assessment	 and	 instruction	 in	 conceptually	
demanding	areas.	
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