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Introduction	
According	 to	 Yadav	 (2017),	 mathematics	 is	 the	 scientific	 study	 of	 quantities,	 including	 the	
relationships	 between	 operations	 and	measurements	which	 are	 characterized	 by	 numbers	 and	
symbols.	Herdiansyah	(2018)	also	suggests	that	mathematics	subjects	are	considered	difficult	for	
most	students	to	understand	compared	to	other	subjects.	Students	often	experience	difficulty	 in	
applying	 mathematics	 contextually.	 Therefore,	 to	 overcome	 the	 difficulties	 experienced	 by	
students,	skills	are	needed.	According	to	Agus	and	Purnama	(2022),	critical	thinking	skills	are	one	
of	the	important	skills	that	students	have	in	the	mathematics	learning	process.	 

Firdaus	and	Wilujeng	(2018)	explain	that	critical	thinking	skills	are	the	ability	to	analyze	and	
evaluate	students	in	relating	information	and	material	obtained	during	the	learning	process. Glaser	
(in	 Kurniawati	 &	 Ekayanti,	 2020)	 also	 elaborates	 that	 critical	 thinking	 skills	 are	 applied	 in	
examination	methods	and	logical	reasoning.	The	indicator	of	critical	thinking,	according	to	Pertiwi	
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	 This	research	was	conducted	based	on	problems	at	MAS	Taruna	Al	
Quran	 Yogyakarta,	 that	 the	mathematics	 learning	 still	 relied	 on	 a	
publisher	 generated	 sources	 which	 only	 focused	 on	 students’	
understanding,	but	not	yet	targeted	their	middle-low	critical	thinking	
skills.	It	then	aims	to	develop	a	problem-based	learning	worksheet	
on	 matrix	 material,	 which	 can	 improve	 students'	 critical	 thinking	
skills,	 especially	 on	 interpretation	 and	 inference	 indicators.	 The	
research	 used	 ADDIE	 development	 model	 which	 has	 five	 stages,	
including	 analysis,	 design,	 development,	 implementation,	 and	
evaluation.	Finally,	 it	 successfully	developed	 the	worksheet	 rich	of	
learning	activities	stimulating	the	students’	critical	thinking	through	
the	syntax	of	problem-based	learning.	The	media	expert	assessment	
scored	46/50	(very	good)	and	the	content	expert	assessment	scored	
100/105	(very	good).	The	worksheet	also	considered	practical	 for	
use,	 as	 shown	 by	 the	 average	 results	 of	 participant	 questionnaire	
response	scored	84.4	(very	good)	in	the	small-scale	test	and	scored	
90.5	 (very	 good)	 in	 the	 large-scale	 test.	 The	developed	worksheet	
also	created	a	significant	influence	in	improving	the	students’	critical	
thinking	skills	by	an	increase	of	25.3%.	
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(2018)	 is	 that	 students	 can	 interpretation,	 analysis,	 evaluation	 and	 inference	 from	 contextual	
problems.	 It	 is	 important	 for	 students	 to	have	 critical	 thinking	 skills	 so	 that	 students	 can	make	
decisions	or	take	action	on	the	problems	they	encounter.	 

The	 development	 of	 interesting,	 creative	 and	 innovative	 teaching	 materials	 can	 create	 a	
learning	 atmosphere	 that	 is	 fun,	 encouraging	 and	 causes	 students	 to	 think	 critically	 used	 to	
encourage	 students'	 active	 role	 in	 the	 learning	 (Zuriah	 et	 al.,	 2016).	According	 to	Amalia	Yunia	
Rahmawati	 (2020),	 worksheet	 is	 a	 instrument	 to	 help	 and	 facilitate	 the	 formation	 of	 effective	
interactions	 between	 students	 and	 teachers,	 and	 can	 improve	 students'	 activities	 and	 learning	
outcomes	during	the	 learning	process.	According	to	Rosliana	(2019),	 the	 learning	process	using	
worksheet	 will	 provide	 opportunities	 for	 students	 to	 construct	 conceptual	 understanding	 and	
students	can	play	an	active	role	in	the	learning	process	so	that	they	can	familiarize	students	with	
critical	thinking	skills.	To	reach	the	objective,	the	use	of	worksheet	also	requires	a	learning	model. 

According	to	Agustina	et	al.	(2018),	problem-based	learning	(PBL)	is	a	learning	model	that	
supports	the	active	role	of	students	and	can	improve	critical	thinking	skills	because	learning	with	
this	model	students	are	responsible	and	independent	in	finding	solutions	to	problems	given	and	
can	 provide	 conclusions	 from	 solutions	 to	 these	 problems	 in	 their	 own	 language. According	 to	
Yulianti	et	al.	(2022),	the	increase	in	critical	thinking	skills	is	due	to	the	use	of	PBL	worksheet	during	
the	learning	process	the	material	provided	encourages	the	active	role	of	students	so	as	to	reduce	
teacher	dominance	in	the	learning	implementation	process.	According	to	Pansa	(2016),	the	reasons	
why	the	learning	process	in	schools	uses	the	PBL	is	because:	(1)	it	can	prepare	students	to	apply	
their	learning	to	real	world	situations,	(2)	it	makes	students	become	knowledge	producers,	not	just	
consumers	of	knowledge,	(3)	supports	students	to	improve	communication,	reasoning,	and	critical	
thinking	skills. 

Based	on	the	results	of	an	interview	with	one	of	the	mathematics	teachers	in	class	XI	IPA	MAS	
Taruna	Al	Quran,	namely	Ms.	Aulia	Fonda,	S.Pd.,	M.Pd.	on	Thursday,	October	05,	2023	and	results	
pretest	 of	matrix	multiplication	material	 to	 students	on	Tuesday,	October	24	2023,	proves	 that	
students'	 critical	 thinking	 skills	 are	 still	 moderate.	 Percentage	 value	 of	 critical	 thinking	 skills	
indicators	from	the	results	pretest	of	matrix	multiplication	material	is	presented	in	Figure	1. 

             
Figure	1.	Pretest	results	on	critical	thinking	indicators 

 
Based	on	Figure	1,	it	shows	that	the	average	achievement	of	students'	critical	thinking	skills	

indicators	in	matrix	multiplication	material	is	70.1%	in	the	medium	category.	However,	the	average	
value	of	students'	critical	thinking	skills	in	matrix	multiplication	material	is	70,	meaning	that	this	
value	is	still	below	the	minimum	completeness	criteria	determined	by	the	school,	namely	75.	This	
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is	because	the	interpretation	indicator	obtained	a	percentage	value	of	52.9%	with	low	category,	and	
the	inference	indicator	obtained	a	percentage	value	of	63.5%	in	the	medium	category,	so	this	study	
will	focus	on	improving	interpretation	and	inference	indicators.		

This	is	also	caused	by	the	mathematics	learning	process	using	a	direct	learning	model	which	
tends	to	be	one-way	so	that	the	active	role	of	students	in	the	learning	implementation	process	is	
very	minimal	and	the	teaching	materials	used	during	the	learning	process	are	using	worksheet	from	
publishers.	The	worksheet	presents	a	summary	of	material	and	questions	that	only	focus	on	the	
students'	 understanding	 stage	 and	 does	 not	 yet	 have	 model	 steps	 PBL	 and	 critical	 thinking	
indicators.	Students	have	not	yet	had	the	initiative	to	do	practice	questions	so	the	teacher	must	give	
orders	 first,	 and	 students	 at	 the	 school	 cannot	 access	 the	 internet	 to	 look	 for	 other	 learning	
resources	 because	 students	 are	 not	 allowed	 to	 bring	 cellphone,	 laptops,	 and	 the	 like.	 Thus,	 the	
worksheet	 that	 will	 be	 developed	 can	 support	 students	 in	 getting	 new	 learning	 resources	 and	
different	learning	experiences	by	working	on	existing	worksheet	at	the	school,	as	well	as	making	it	
easier	for	students	to	hone	critical	thinking	skills.	 

Method		
This	 research	 uses	 research	 methods	 Research	 and	 Development	 (R&D).	 In	 this	 research,	
researchers	used	 the	ADDIE	development	model	developed	by	Dick	 and	Carry	 and	has	5	 levels	
namely	analysis,	design,	development,	 implementation,	and	evaluation.	According	 to	Widyastuti	
and	Susiana	(2019),	the	reason	why	the	ADDIE	model	is	still	very	relevant	to	use	is	because	the	
ADDIE	model	has	a	structured	framework	and	there	is	evaluation	and	revision	at	each	stage,	as	well	
as	a	way	to	solve	learning	problems	related	to	learning	resources	and	student	characteristics.	This	
research	intends	to	develop	a	product	in	the	form	of	PBL-based	worksheet	on	matrix	material	so	
that	after	using	this	worksheet	it	is	hoped	that	it	can	improve	students'	critical	thinking	skills.	

The	subjects	in	this	research	were	media	expert	validators,	material	expert	validators,	and	
class	XI	 IPA	MAS	Taruna	Al	Quran	students.	The	 instruments	used	 in	 this	 research	are	non-test	
instruments	and	test	instruments.	The	non-test	instruments	are	in	the	form	of	validation	sheets	and	
student	response	questionnaires,	while	the	test	instruments	are	in	the	form	of	questions	pretest	
and	posttest.	In	this	research,	there	are	two	types	of	data,	namely	qualitative	data	obtained	from	
interviews,	 suggestions	 from	 validators	 and	 students,	 and	 quantitative	 data	 obtained	 from	 the	
results	of	questionnaire	assessments	by	validators	and	students	and	student	test	results.	

Data	analysis	was	carried	out	to	obtain	information	that	the	worksheet	being	developed	was	
said	to	be	valid	and	practical.	The	assessment	rules	for	worksheet	products	are	developed	using	the	
Likert	scale	in	Table	1	(Effendi	et	al.,	2021).	

Table	1.	Validity	and	practicality	assessment	guidelines	
Responses	 Score	

Strongly	agree	 5	
Agree	 4	
Simply	Agree	 3	
Don't	agree	 2	
Strongly	Disagree	 1	

	
From	calculating	the	score	of	each	statement,	the	average	is	found	using	the	formula:	

X" 	= 	
∑ X!"
!#$
n

	 (1)
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with:	
X	" :	average	worksheet	assessment	score	by	validators	
X!:	:	score	of	the	2nd	indicator	statement	k,	Where	k=1,	2,	3,	…,	n	
n ∶	number	of	assessment	items.	
	

According	to	Habsyi	et	al.	(2022),	the	criteria	for	the	validity	and	practicality	of	the	worksheet	
can	be	seen	in	Table	2.	

Table	2.	Criteria	for	validity	and	practicality	of	worksheet	
Score	Range	 Category	

X" > 	X%" + 1.80	SB&	 Very	Good	
X"& + 0.60	SB& <	X" ≤ X"& + 1.80	SB&	 Good	
X"& − 0.60	SB& <	X" 	≤ X"& + 0.60	SB&	 Less	Enough	
X"& − 1.80	SB& <	X" ≤ X"& − 0.60	SB&	 Not	Enough	

X" ≤ X"& − 1.80	SB&	 Poor	
	
Information:	
X":	average	score		
X"&:	ideal	average	score	

X"& =	
1
2
× (ideal	maximum	score + ideal	minimum	score)	

SB&:	ideal	standard	deviation	

SB& =	
1
6
× (ideal	msximum	score − ideal	minimum	score)	

Ideal	maximum	score	=	number	of	criteria	items		×		highest	score		
Ideal	minimum	score	=	number	of	criteria	items			×		lowest	score	

	
The	worksheet	developed	is	said	to	be	valid	and	practical	if	it	obtains	a	minimum	average	in	

the	 good	 category.	 The	 percentage	 value	 of	 critical	 thinking	 indicators	 can	 be	 calculated	 in	 the	
following	way:	

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒	𝑉𝑎𝑙𝑢𝑒	(𝑁𝑃) = 	
𝑂𝑏𝑡𝑎𝑖𝑛𝑒𝑑	𝑆𝑐𝑜𝑟𝑒
𝑀𝑎𝑥𝑖𝑚𝑢𝑚	𝑆𝑐𝑜𝑟𝑒

	× 100%	

According	 to	 Setyowati	 (in	 Karim	 &	 Normaya,	 2015)	 the	 categories	 of	 critical	 thinking	
indicators	can	be	seen	in	Table	3.	

Table	3.	Criteria	of	critical	thinking	indicator	
Percentage	Value	 Category	
81,25 < 𝑁𝑃	 ≤ 100	 Very	High	
71,5 < 𝑁𝑃	 ≤ 81,25	 High	
62,5 < 𝑁𝑃	 ≤ 71,5	 Currently	
43,75 < 𝑁𝑃	 ≤ 62,5	 Low	
0 < 𝑁𝑃	 ≤ 43,75	 Very	Low	

Results	and	discussion	
The	results	of	 the	development	research	 that	has	been	carried	out	at	MAS	Taruna	Al	Quran	are	
printed	teaching	materials	in	the	form	of	PBL-based	worksheet.	 

10.12928/bamme.v4i2.11298 
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Analysis	 

The	 analysis	 stage	 is	 carried	 out	 to	 obtain	 information	 related	 to	 initial	 conditions	 and	 initial	
product	development	planning.	At	the	analysis	stage,	researchers	carried	out	a	needs	analysis	at	
MAS	Taruna	Al	Quran,	especially	in	the	implementation	of	matrix	material	learning.	At	this	analysis	
stage,	interviews	were	carried	out	with	the	mathematics	subject	teacher,	namely	Mrs.	Aulia	Fonda,	
S.Pd.,	 M.Pd.		 and	 giving	 pretest	 to	 students.	 The	 results	 of	 this	 analysis	 serve	 as	 guidelines	 for	
preparing	PBL-based	worksheet.		
 
Curriculum	and	material	analysis	

The	 curriculum	 used	 at	MAS	 Taruna	 Al	 Quran	 is	 the	 2013	 curriculum.	 At	 this	 analysis	 stage	 it	
focuses	 on	 the	 analysis	 of	 core	 competencies	 and	 basic	 competencies	 which	 will	 be	 used	 to	
formulate	indicators	of	competency	achievement	as	a	basis	for	determining	learning	objectives	for	
matrix	material	which	is	guided	by	the	2013	curriculum.	will	 later	be	developed	by	researchers.	
The	core	competencies	and	basic	competencies	used	are	presented	in	Table	4.	
	

Table	4. Core	competencies	and	basic	competencies 
Core	Competence	 Basic	Competence	

Knowledge	domain 
Understand,	 apply,	 analyze	 factual,	
conceptual	 and	 procedural	 knowledge	
based	 on	 curiosity	 about	 science,	
technology,	 arts,	 culture	 and	 humanities	
with	 insight	 into	 humanity,	 nationality,	
statehood	 and	 civilization,	 related	 to	
phenomena	and	events,	as	well	as	applying	
procedural	knowledge	in	the	field	specific	
studies	 according	 to	 their	 talents	 and	
interests	in	solving	problems.	
	

	
3.3 Explain	 matrices,	 matrix	 similarities	 related	

to	 problems	 in	 everyday	 life	 and	 perform	
matrix	 operations	 including	 addition,	
subtraction,	 scalar	 multiplication,	 and	
multiplication	 of	 two	 matrices,	 as	 well	 as	
matrix	transpose.	

3.4 Analyze	the	properties	of	the	determinant	and	
inverse	of	a	matrix	of	order	2	×	2	and	3	×	3.	

Skills	domain 
Processing,	 reasoning,	 presenting	 in	 the	
concrete	and	abstract	domains	are	related	
to	 the	development	 of	what	 they	 learn	 at	
school	 independently,	and	are	able	 to	use	
methods	 in	 accordance	 with	 scientific	
principles.	

	
4.3 Solve	 problems	 in	 everyday	 life	 related	 to	

matrices	and	their	operations.		
4.4 Solving	problems	 in	 everyday	 life	 related	

to	the	determinant	and	inverse	of	order	2	
×	2	and	3	×	3.		

After	analyzing	the	curriculum	and	materials,	the	researchers	also	conducted	interviews	with	
the	mathematics	teacher	in	class	Based	on	the	results	of	interviews	with	mathematics	teachers,	the	
matrix	 material	 includes	 the	 concept	 of	 matrices,	 matrix	 operations,	 and	 the	 properties	 of	
determinants	and	inverses	of	matrices.	At	MAS	Taruna	Al	Quran	itself,	the	time	allocation	used	in	
the	mathematics	learning	process	per	week	is	4	×	35	minutes	or	two	meetings.	Based	on	the	time	
allocation,	the	matrix	material	is	taught	in	4	meetings	(8	×	35	menit)	at	MAS	Taruna	Al	Quran.	The	
worksheet	 developed	will	 present	 problems	 in	 everyday	 life	 related	 to	matrix	material	 so	 that	
student	can	solve	these	problems	using	problem-based	learning	syntax.		

Analysis	of	situations	and	conditions	

Researchers	 conducted	 an	 analysis	 of	 situations	 and	 conditions	 related	 to	 learning	models	 and	
teaching	materials	used	by	teachers	during	the	learning	process.	The	learning	model	used	by	the	
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teacher	is	a	direct	learning	model	with	a	lecture	method	which	tends	to	be	one	way,	listening	to	
explanations	from	the	teacher	so	that	student	involvement	in	the	learning	process	is	very	minimal	
and	 the	 teaching	 materials	 used	 during	 the	 matrix	 learning	 process	 use	 worksheet	 from	 the	
publisher.	The	worksheet	presents	a	 summary	of	material	and	questions	 that	only	 focus	on	 the	
students'	understanding	stage	and	does	not	yet	have	model	steps	Problem	Based	Learning	and	have	
not	been	able	to	improve	students'	critical	thinking	skills.	Students	at	the	school	also	cannot	access	
the	internet	to	look	for	other	learning	resources	because	students	are	not	allowed	to	bring	them	
cellphone,	laptops,	and	the	like.	So	that	in	the	learning	process,	teaching	materials	are	needed	that	
are	able	to	motivate	students	to	be	more	actively	involved,	so	the	researchers	developed	a	work-
based	worksheet	Problem	Based	Learning	which	has	steps	in	the	learning	process	starting	from	
problem	 orientation,	 organizing	 students,	 guiding	 investigations,	 developing	 and	 presenting	
problems,	 and	 analyzing	 and	 evaluating.	 The	 developed	 worksheet	 also	 contains	 indicators	 of	
critical	thinking	including	interpretation,	analysis,	evaluation	and	inference.	

Analysis	of	student	characteristics	

Researchers	conduct	an	analysis	of	students	who	will	be	research	subjects	to	obtain	information	
related	 to	 critical	 thinking	 skills	 which	 contain	 indicators	 of	 student	 interpretation,	 analysis,	
evaluation	and	inference	in	the	matrix	material.	Researchers	analyzed	students'	critical	thinking	
skills,	especially	in	matrix	multiplication	material	which	still	left	problems	according	to	the	results	
pretest		on	Tuesday,	October	24	2023,	namely	the	interpretation	indicator	is	still	in	the	low	category	
because	 students	 are	 not	 used	 to	 writing	 down	what	 they	 know	 and	what	 is	 asked	 about	 the	
problems	presented.	Researchers	also	need	to	pay	attention	to	 the	 inference	 indicators	because	
even	though	the	inference	indicators	are	included	in	the	medium	category,	only	1	out	of	26	students	
have	achieved	the	inference	indicators.	

Based	on	the	analysis	of	these	students,	the	researcher	developed	a	student-based	worksheet	
Problem	Based	Learning	to	improve	students'	critical	thinking	skills.	

Design	 
Several	things	that	must	be	done	in	the	product	planning	stage	of	worksheet	development	are	as	
follows. 

Material	assessment	

Based	on	the	analysis	stage,	the	material	used	to	develop	the	WORKSHEET	is	matrix	material	for	
the	 odd	 semester	 of	 class	 XI	 SMA/MA	 equivalent.	 Then	 determine	 indicators	 of	 competency	
achievement	 and	 learning	 objectives	 from	 the	 matrix	 material	 in	 accordance	 with	 core	
competencies	 and	 basic	 competencies	 based	 on	 the	 2013	 curriculum.	 Matrix	 learning	 in	 this	
worksheet	uses	a	learning	model	PBL	and	in	accordance	with	critical	thinking	indicators.	
	
Early	product	design	

Printed	teaching	materials	in	the	form	of	PBL-based	worksheet	uses	A4	paper	size	(21	cm	x	29.5	
cm),	 using	Roca	One	writing	 type	with	 size	 12.	 Preparing	 the	worksheet	 begins	with	making	 a	
design	 cover	 foreword,	 foreword,	 table	 of	 contents,	 list	 of	 syntax	 Problem	Based	 Learning	 and	
critical	thinking	indicators,	concept	maps,	and	worksheet	contents	pages.	This	worksheet	consists	
of	four	activities,	namely	Worksheet	I	discussing	matrix	concepts,	Worksheet	II	discussing	addition	
and	subtraction	of	two	matrices,	Worksheet	III	discussing	matrix	multiplication,	and	Worksheet	IV	
discussing	determinants	and	inverses	of	matrices.		
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Making	research	instruments	

The	research	instrument	used	was	a	questionnaire	prepared	to	evaluate	the	worksheet	that	had	
been	created.	Making	the	 instrument	begins	with	preparing	a	grid	according	to	 the	aspects	 that	
have	been	determined	for	each	questionnaire.	This	research	instrument	consists	of	a	media	expert	
validation	 sheet,	 material	 expert	 validation	 sheet,	 student	 response	 questionnaire,	 and	 test	
instruments.	 The	 four	 research	 instruments	 must	 be	 validated	 by	 expert	 validators	 from	
Mathematics	Education	lecturers	at	Ahmad	Dahlan	University,	namely	Mr.	Fariz	Setyawan,	S.Pd.,	
M.Pd.	first	before	using	it	to	assess	the	worksheet	product	that	has	been	developed.	The	validation	
sheet	that	has	been	created	according	to	the	grid	is	given	to	media	expert	validators	and	material	
expert	validators	to	test	the	feasibility	and	quality	of	the	worksheet	that	has	been	created	before	
being	tested	by	students.	Then,	student	response	questionnaires	were	given	to	students	after	the	
worksheet	was	made	suitable	for	testing	in	small	and	large	classes.	Meanwhile,	the	test	instrument	
consists	of:	pretest	and	posttest	used	to	determine	the	level	of	students'	critical	thinking	skills.				

Development	 

This	 stage	 is	 a	 process	 where	 everything	 that	 is	 needed	 or	 that	 supports	 the	 worksheet	
development	process	must	be	prepared.	
 
Preparation	or	creation	of	worksheet	

The	author	prepares	or	makes	the	worksheet	according	to	the	design	results,	makes	pictures,	types	
and	colors	the	worksheet	which	is	developed	with	the	help	of	Canva.	The	results	of	preparing	or	
making	worksheet	are	as	follows.	
 
1. Cover	front,	contains	the	title	of	the	worksheet,	an	image	illustrating	the	matrix	material,	and	

the	name	of	the	compiler	(See	Figure	2). 

 

Figure	2. Cover	design 
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2. The	 foreword	 contains	 expressions	 of	 gratitude	 and	 thanks,	 a	 general	 description	 of	 the	
contents	of	the	worksheet,	and	the	author's	hopes	in	compiling	the	worksheet.	

3. Table	of	contents	contains	information	on	the	content	page	that	the	reader	will	go	to.	
4. Syntax	hints	Problem	Based	Learning	and	critical	thinking	indicators,	containing	symbols	or	

illustrations	in	each	syntax	Problem	Based	Learning	and	indicators	of	critical	thinking.	
5. Concept	map,	contains	a	general	description	of	the	material	to	be	studied	in	the	worksheet.	
6. The	content	page	(See	Figure	3)	of	the	worksheet	contains	basic	competencies,	indicators	of	

competency	 achievement,	 learning	 objectives,	 instructions	 for	 working	 on	 the	 worksheet,	
student	identity,	and	pearls	of	wisdom	about	the	virtues	of	studying,	taken	from	the	Al-Quran	
and	hadith	as	material	to	motivate	students	to	study.	The	contents	page	of	this	worksheet	also	
contains	questions	and	steps	for	solving	them	according	to	the	syntax	Problem	Based	Learning	
which	begins	with	student	orientation,	organizing	students,	guiding	investigations,	developing	
and	 presenting	 problems,	 analyzing	 and	 evaluating,	 and	 the	 steps	 for	 solving	 them	 also	
according	 to	 critical	 thinking	 indicators	 including	 interpreting,	 analyzing,	 evaluating	 and	
inferring.	

 

Figure	3.	Worksheet	content	page	design	
 

Product	validation	

Product	validation	in	the	form	of	PBL-based	worksheet	carried	out	after	making	the	worksheet	by	
the	writer	who	is	guided	by	the	supervisor.	Product	validation	is	carried	out	to	test	the	suitability	
of	the	media	and	materials	in	the	worksheet	that	has	been	created.	

Media	expert	validation	

Media	expert	validation	was	carried	out	by	2	experts,	namely	Mr.	Fariz	Setyawan,	S.Pd.,	M.Pd.	as	a	
lecturer	in	the	Mathematics	Education	study	program	at	Ahmad	Dahlan	University	and	Mrs.	Aulia	
Fonda,	S.Pd.,	M.Pd.	as	a	mathematics	subject	teacher	at	MAS	Taruna	Al	Quran	by	filling	in	validation	
sheets	for	each	aspect	of	the	media	expert	validation	assessment,	namely	appearance,	letters	and	
images,	 language,	 and	 physical	 criteria.	 The	 assessment	 data	 by	 media	 expert	 validators	 is	
presented	in	Table	5.	

Based	on	Table	5,	the	details	of	the	average	assessment	from	media	expert	validators	for	each	
aspect	of	the	assessment	are	obtained,	namely	in	the	appearance	aspect,	the	average	is	5	in	the	very	
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good	category,	in	the	letter	and	image	aspect,	the	average	is	28	in	the	very	good	category,	in	the	
aspect	language	obtained	an	average	of	8.5	in	the	very	good	category,	and	in	the	physical	criteria	
aspect	obtained	an	average	of	4.5	 in	 the	very	good	category,	 so	 that	 the	 total	number	and	 total	
average	obtained	from	the	assessment	of	material	expert	validators	were	consecutive.	are	92	and	
46	in	the	very	good	category.	

Table	5.	Media	expert	validation	results	

No	 Assessment	
Aspects	

Validator	
Average	 Category	

1	 2	
1	 Appearance	 5	 5	 5	 Very	Good	
2	 Letters	and	

Pictures	
27	 29	 28	 Very	Good	

3	 Language	 9	 8	 8.5	 Very	Good	
4	 Physical	Criteria	 4	 5	 4.5	 Very	Good	

Final	score	 46	 Very	Good	
 

The	 worksheet	 media	 that	 was	 developed	 received	 this	 category	 also	 through	 several	
suggestions	 from	media	expert	validators	 to	be	 improved	so	 that	 the	worksheet	developed	was	
better	and	suitable	for	use	can	be	seen	in	Table	6.	

	
Table	6.	Media	expert	validation	suggestions	and	improvements	

Product	suggestions	and	improvements	

Changed	all	font	types	on	the	worksheet	from	Roca	One	font	to	Calibri	type.	

	

before	revision	

	

after	revision	
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Product	suggestions	and	improvements	

Adding	the	university	logo	to	the	page	cover.	

	

	
before	revision	

	

	
after	revision	

Changed	the	design	of	the	table	of	contents	to	make	it	less	formal.	

	

	
before	revision	

	

	
after	revision	
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Product	suggestions	and	improvements	

Added	study	instructions	using	worksheet.	

Before	the	revision	it	did	not	include	study	
instructions.	

	

after	revision	

The	position	of	the	image	in	the	worksheet	activity	is	placed	next	to	the	question	text	and	
adds	the	source	of	the	image.	

	

	
before	revision	

	

	
after	revision	
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Product	suggestions	and	improvements	

Font	size	and	equation	must	be	consistent.	

	

	
before	revision	

	

	
after	revision	

Added	points	and	places	to	answer	commands	at	each	step	of	completing	the	worksheet.	

	

	
before	revision	

	

	
after	revision	
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Material	expert	validation	

Material	expert	validation	was	carried	out	by	2	experts,	namely	Mrs.	Dian	Ariesta	Y.,	M.Pd.	as	a	
lecturer	in	the	Mathematics	Education	study	program	at	Ahmad	Dahlan	University	and	Mrs.	Aulia	
Fonda,	 S.Pd.,	 M.Pd.	 as	 a	 mathematics	 subject	 teacher	 at	 MAS	 Taruna	 Al	 Quran	 by	 filling	 out	
validation	 sheets	 for	 each	 aspect	 of	 the	 material	 expert	 validation	 assessment,	 namely	
appropriateness	 of	 content,	 indicators	 of	 critical	 thinking,	 language,	 appropriateness	 of	
presentation,	and	syntax	Problem	Based	Learning.	The	assessment	data	by	media	expert	validators	
is	presented	in	Table	7. 

Table	7.	Material	Expert	Validation	Results	

No	 Assessment	aspects	
Validator	

Average	 Category	1	 2	
1	 Content	Qualification	 21	 25	 23	 Very	Good	
2	 Critical	Thinking	

Indicators	
16	 16	 16	 Good	

3	 Language	 20	 21	 20.5	 Good	
4	 Feasibility	of	

Presentation	
16	 20	 18	 Very	Good	

5	 PBL	Syntax	 20	 25	 22.5	 Very	Good	
Final	score	 100	 	

	
Based	on	Table	6,	the	details	of	the	average	assessment	from	material	expert	validators	for	

each	aspect	of	the	assessment	are	that	in	the	aspect	of	content	suitability,	the	average	was	23	in	the	
very	 good	 category,	 in	 the	 critical	 thinking	 indicator	 aspect,	 the	 average	 was	 16	 in	 the	 good	
category,	 in	 the	 aspect	 linguistics	 got	 an	 average	 of	 20.5	 in	 the	 good	 category,	 in	 the	 aspect	 of	
appropriateness	of	presentation	it	got	an	average	of	18	in	the	very	good	category,	and	in	the	aspect	
of	syntax	Problem	Based	Learning	obtained	an	average	of	22.5	in	the	very	good	category,	so	that	
the	total	number	and	total	average	obtained	from	the	material	expert	validator	assessment	were	
respectively	200	and	100	in	the	very	good	category.	The	worksheet	material	developed	received	
this	category	also	through	several	suggestions	from	material	expert	validators	to	be	improved	so	
that	the	worksheet	developed	was	better	and	suitable	for	use	can	be	seen	in	Table	8.	

	
Implementation		
At	this	stage,	the	results	of	the	worksheet	that	have	been	developed	and	validated	by	the	validator	
will	be	carried	out	in	the	implementation	or	trial	phase.	At	this	stage,	two	stages	of	testing	will	be	
carried	out	as	follows.	
	
Small-scale	trials	

This	small-scale	trial	was	carried	out	by	5	students	of	class	XI	IPA	MAS	Taruna	Al	Quran.	This	small-
scale	trial	was	carried	out	on	April	30	2024	by	means	of	students	investigating,	studying,	studying,	
using	 the	worksheet,	 and	 assessing	 the	worksheet	 that	 had	 been	 created	 (See	 Figure	 4).	 Then	
students	fill	out	a	student	response	questionnaire	to	obtain	information	about	the	shortcomings	of	
the	worksheet	that	has	been	created.	The	results	of	the	student	response	questionnaire	assessment	
show	that	the	worksheet	developed	is	included	in	the	very	good	category.	
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Table	8.	Media	expert	validation	suggestions	and	improvements	
Suggestions	and	improvements	

The	numbers	in	the	table	of	contents	are	ambiguous	in	syntax	Problem	Based	Learning,	so	the	
researcher	changed	the	symbols	in	the	syntax	Problem	Based	Learning.	

	

	
before	revision	

	

	
after	revision	

		
Adding	the	concept	of	matrix	order	to	the	Worksheet	I.	

	

	
before	revision	

	

	
after	revision		
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Suggestions	and	improvements	
Clarify	 command	 sentences	 in	 the	 syntax	 of	 developing	 and	 presenting	Worksheet	 II	 and	
Worksheet	III	problems.		

	

	
before	revision	

	

	
after	revision	

Provide	a	space	in	the	sentence	"2	kg	of	oranges"	problem	2	Worksheet	III.	
	

	
before	revision	

	

	
after	revision	
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Suggestions	and	improvements	
Provide	parentheses	in	the	matrix	determinant	formula.	

	

	
before	revision	

	

	
after	revision	

Added	explanation	regarding	cofactors	to	Worksheet	IV.	

Before	the	revision	there	was	no	
explanation	about	cofactors.	

	

	
after	revision	
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Suggestions	and	improvements	
Added	bibliography.	

Before	the	revision	there	was	no	
bibliography.	

	

	
after	revision	

Add	cover	The	back	contains	the	biodata	of	the	worksheet	compiler.	

Before	the	revision	there	were	none	cover	
back.	

	

	
after	revision	
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Figure	4.	Students	joined	the	small-scale	trial	

	
Large-scale	trials	

This	trial	is	intended	to	obtain	information	from	students	regarding	whether	the	worksheet	being	
developed	 fulfills	 practical	 or	 feasibility	 aspects	 that	 can	 be	 used	 in	 the	 learning	 process.	 Then	
students	fill	out	a	student	response	questionnaire	to	obtain	information	about	the	shortcomings	of	
the	 worksheet	 that	 has	 been	 created	 (See	 Figure	 5).	 The	 results	 of	 the	 assessment	 of	 student	
response	questionnaires	in	large-scale	trials	show	that	the	worksheet	developed	is	included	in	the	
very	good	category.	

	
Figure	5.	Students	joined	the	large-scale	trial	

Evaluation		
The	evaluation	stage	in	the	ADDIE	model	is	carried	out	at	each	stage	starting	from	the	analysis	stage,	
design	stage,	development	stage	and	implementation	stage.	The	evaluation	stage	is	carried	out	in	
order	 to	 produce	worksheet	 that	 is	 better	 and	 suitable	 for	 use	 in	 the	 learning	 process.	 At	 the	
analysis	stage,	information	related	to	the	learning	model	and	teaching	materials	used	during	the	
learning	process	as	well	as	students'	critical	thinking	skills	need	to	be	evaluated	to	get	the	right	
solution.	Students'	critical	thinking	skills	can	be	identified	from	the	results	pretest	which	have	been	



   e-ISSN	2776-1029	p-ISSN	2776-1002	 	

Developing	problem-based	learning	student	worksheet	(Khoirunisa	&	Nurnugroho)																			113	

carried	out	before	using	the	developed	worksheet.	Therefore,	the	solution	provided	by	researchers	
is	to	develop	teaching	materials	in	the	form	of	PBL-based	worksheet	on	matrix	material	to	improve	
students'	critical	thinking	skills.	

At	the	design	stage,	evaluation	is	carried	out	by	consulting	with	the	supervisor	regarding	the	
initial	 format	 design	 and	 content	 of	 the	 worksheet	 being	 developed.	 After	 consulting	 with	 the	
supervisor,	 the	 researcher	 then	 created	 the	 overall	 worksheet.	 At	 this	 stage,	 evaluation	 is	 also	
carried	out	during	validation	of	assessment	instruments	such	as	media	expert	and	material	expert	
validation	sheets	as	well	as	student	response	questionnaires.	The	assessment	instrument	is	suitable	
for	use	with	several	improvements	based	on	suggestions	and	comments	from	expert	validators.	

At	the	development	stage,	evaluation	is	carried	out	with	initial	worksheet	validation	tests	by	
material	expert	validators	and	media	expert	validators.	The	results	of	the	assessment	by	material	
expert	validators	and	media	expert	validators	show	that	the	worksheet	is	based	on	Problem	Based	
Learning	on	matrix	material	to	improve	students'	critical	thinking	skills	which	was	developed	in	
the	 very	 good	 category	 for	 use	with	 several	 improvements	 based	 on	 suggestions	 given	 by	 the	
validators.	

At	 the	 implementation	 stage,	 evaluation	 is	 carried	 out	 by	 assessing	 the	 worksheet	 by	
participants.	 The	 results	 of	 the	 assessment	 by	 students	 show	 that	 the	 worksheet	 is	 based	 on	
Problem	Based	Learning	on	matrix	material	to	improve	students'	critical	thinking	skills	which	is	
developed	in	the	very	good	category	for	use.	Thus,	worksheet	is	based	Problem	Based	Learning	The	
matrix	material	to	improve	students'	critical	thinking	skills	that	has	been	developed	is	valid	and	
suitable	for	use	as	supporting	teaching	material	for	the	matrix	material	in	the	mathematics	learning	
process.	

This	evaluation	stage	is	also	carried	out	posttest	to	students	which	was	carried	out	on	May	7	
2024	and	aims	to	determine	students'	critical	thinking	skills	after	using	the	worksheet	developed	
in	the	learning	process	based	on	Problem	Based	Learning.	

PBL-based	worksheet	which	has	been	developed	 is	also	effectively	applied	 in	 the	 learning	
process	because	it	can	help	improve	students'	critical	thinking	skills.	This	effectiveness	can	be	seen	
from	 the	 achievement	 of	 critical	 thinking	 indicators	 after	 using	 PBL-based	 worksheet	 which	
increased	from	before	using	PBL-based	worksheet	which	is	described	in	Figure	8.	

	

  

Figure	6.	Results of increasing critical thinking indicators 
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Based	on	Figure	6,	it	can	be	seen	that	the	achievement	of	critical	thinking	indicators	is	in	the	
results	pretest	shows	that	interpretation	indicators	are	in	the	low	category	with	a	percentage	of	
52.9%,	 analysis	 indicators	 are	 in	 the	 high	 category	 with	 a	 percentage	 of	 77.4%,	 evaluation	
indicators	are	in	the	high	category	with	a	percentage	of	86.5%,	and	inference	indicators	are	in	the	
medium	category	with	a	percentage	of	63.5%. 

Meanwhile,	the	achievement	of	critical	thinking	indicators	after	using	PBL-based	worksheet	
based	on	the	results	posttest	shows	that	interpretation	indicators	are	included	in	the	high	category	
with	a	percentage	of	97.8%,	analysis	indicators	are	included	in	the	high	category	with	a	percentage	
of	99.7%,	evaluation	indicators	are	included	in	the	high	category	with	a	percentage	of	94.2%,	and	
inference	indicators	are	included	in	the	high	category	with	a	percentage	of	90.1%.	 

Conclusion	
Based	on	the	explanation	it	can	be	concluded	that: 
1. Development	of	PBL-based	worksheet	on	matrix	material	to	improve	students'	critical	thinking	

skills	using	the	ADDIE	development	model	is	valid	for	use	as	shown	by	the	average	results	of	
media	 expert	 assessments,	 namely	 46	 in	 the	 very	 good	 category	 and	 the	 average	 results	 of	
material	expert	assessments,	namely	100	in	the	very	good	category.	

2. PBL-based	worksheet	on	matrix	material	that	was	developed	was	practically	used,	as	shown	by	
the	average	results	of	participant	questionnaire	response	assessments	in	the	small-scale	test,	
namely	 84.4	 in	 the	 very	 good	 category	 and	 the	 average	 results	 of	 participant	 response	
questionnaire	assessments	in	the	large-scale	test,	namely	90.5	in	the	very	good	category.	

3. The	 developed	 PBL-based	 worksheet	 on	 matrix	 material	 has	 a	 significant	 influence	 in	
improving	critical	thinking	skills	with	an	increase	of	25.3%.	This	is	shown	from	the	test	results	
paired	sample	t-test	which	obtains	the	value	of	sig	(2-tailed)	equal	to	0.000	<	0.05	or	it	can	be	
concluded	that	the	average	test	results	of	students'	critical	thinking	skills	after	using	PBL-based	
worksheet	higher	than	the	critical	thinking	skills	test	results	before	using	PBL-based	worksheet.	
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