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Abstract	

Mathematical	 concepts	 will	 be	 embedded	 if	 they	 can	 be	 imagined	 and	 appear	 in	 everyday	 life.	
Therefore,	 this	 study	 aims	 to	 develop	 Local	 Instructional	 Theory	 in	 context-based	 matrices’	
learning.	 Design	 research	 is	 adopted	 to	 achieve	 these	 objectives.	 The	 design	 research	 has	 three	
stages,	namely,	preliminary	experiment,	teaching	experiment,	and	retrospective	analysis.	The	study	
was	conducted	at	a	high	school	in	Tangerang	Selatan,	Province	of	Banten,	Indonesia.	A	preliminary	
teaching	experiment	was	carried	out	in	XI	MIPA	1,	and	a	teaching	experiment	was	carried	out	in	XI	
MIPA	 2.	 The	 data	 was	 collected	 employing	 tests,	 observation,	 interviews,	 worksheets,	 and	
documentation	in	the	form	of	video	recordings,	photos,	and	student	journals.	The	results	indicated	
that	students	were	able	to	construct	their	concept	of	matrices	through	the	context	of	 favorites	or	
hobbies	(traveling	and	sport)	as	a	starting	point	in	compiling	and	defining	matrices	and	continued	
with	the	matrices’	multiplication	concept	(matrix	scalar	multiplication	as	repeated	addition;	terms	
and	products	of	two	matrices).	
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INTRODUCTION	

Matrices	are	among	the	first	mathematical	topics	that	students	learn	at	the	high	
school	level	in	Indonesian	Curricula.	Matrices	are	important	to	learn	by	students	at	the	
high	school	level	because	as	form	the	basis	for	further	learning	of	mathematics,	such	
as	 calculus	 and	 transformation	 geometry	 and	 other	 sciences,	 such	 as	 physics,	
economics,	 engineering,	 and	 health.	 Its	 application	 can	 be	 seen	 in	 everyday	 life,	
including	in	the	fields	of	the	economy	(e.g.,	sales	and	production),	transportation	(e.g.,	
travel	 routes),	 and	 health	 (e.g.,	 number	 of	 patients	 and	 drug	 supplies).	 Thus,	 the	
matrices'	position	in	the	mathematics	curriculum	encourages	high	school	students	to	
succeed	in	their	further	studies	and	careers	(Rahmawati	&	Purnomo,	2020).		

In	contrast	to	its	urgency,	matrices	are	one	of	the	most	challenging	and	difficult	
mathematics	 topics	 for	 students	 at	 the	 high	 school	 (Aygör	 &	 Burhanzade,	 2014;	
Kusuma	 et	 al.,	 2018;	 Lesmana	 et	 al.,	 2015)	 and	 higher	 education	 levels	 (Andrews-
Larson	 et	 al.,	 2017;	 Cárcamo	 et	 al.,	 2019;	 Carlson,	 1993).	 As	 the	 first	 author's	
experience	as	a	teacher	for	16	years	in	high	school,	the	pattern	of	student	difficulties	in	
this	material	is	that	students	have	not	been	able	to	apply	the	matrices’	concept	to	solve	
context-based	 problems,	 provide	 context-based	 examples,	 and	 rarely	 know	 the	
benefits	of	matrices	in	everyday	life.	Horton,	Wiegert	and	Marshall	(2008)	stated	that	
most	students	learn	the	procedure	for	solving	matrices	problems	but	do	not	know	why	
they	are	learning	it.		
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Rahmawati	 and	 Purnomo	 (2020)	 argue	 that	 the	mathematical	 concept	will	 be	
embedded	if	students	can	imagine	it	or	appear	real	in	daily	life.	For	example,	the	use	of	
the	 Mass	 Rapid	 Transit	 (MRT)	 context	 to	 introduce	mathematical	 concepts	 may	 be	
suitable	for	students	in	urban	areas	but	not	suitable	for	students	in	rural	areas	who	do	
not	know	or	cannot	imagine	the	object.	In	addition,	students	should	also	be	allowed	to	
engage	in	a	reinvention	of	mathematical	concepts	(Pramudiani	et	al.,	2017;	Purnomo	
et	 al.,	 2014;	 Wijaya,	 2008;	 Wijaya	 et	 al.,	 2015).	 The	 process	 of	 reinventing	
mathematical	concepts	allows	students	to	make	connections	between	concepts	and	in	
turn,	build	a	well-established	cognitive	structure	(Kadir,	2004).	Therefore,	we	adopted	
a	 realistic	 mathematics	 education	 approach	 to	 teaching	 matrices	 meaningfully	 and	
improve	students'	conceptual	knowledge.	

	
Realistic	Mathematics	Education	

Mathematics	learning	with	the	Realistic	Mathematics	Education	(RME)	approach	
was	 first	 introduced	 and	 developed	 in	 the	 Netherlands	 in	 1970	 by	 the	 Freudenthal	
Institute		(Pramudiani	et	al.,	2017;	Wijaya,	2008).	RME	emphasizes	the	skills	of	doing	
mathematics,	 discussing,	 collaborating,	 and	 arguing.	 RME	 also	 allows	 students	 to	
understand	mathematical	concepts	by	manipulating	objects	and	tools	 	(Arsaythamby	
&	Zubainur,	2014).		

RME	refers	to	Freudenthal's	opinion	that	mathematics	must	be	related	to	reality,	
and	 mathematics	 is	 a	 human	 activity	 (Hendroanto	 et	 al.,	 2015).	 This	 statement	
contains	meaning;	 the	 first	 is	 that	mathematics	must	 be	 related	 to	 reality,	meaning	
that	the	material	provided	is	essential	to	be	associated	with	the	context	or	something	
real	(real	or	has	been	experienced	or	known	or	imagined	by	students)	and,	if	possible,	
it	is	related	to	real-life	everyday	situations.	The	second	is	that	mathematics	is	a	human	
activity,	 meaning	 that	 RME	 must	 provide	 students	 with	 opportunities	 to	 carry	 out	
mathematical	 activities	 and	 engage	 themselves	 in	 learning;	 students	 discuss	 finding	
strategies	or	 steps	 to	 solve	problems.	These	 two	meanings	 are,	 of	 course,	 related	 to	
problems	 that	 are	 often	 encountered	 in	 class.	 That	 is	 why	 the	 students	 still	 have	
difficulty	linking	matrices’	learning	with	relevant	contexts.	

In	Gravemeijer	(2004),	Treffers	argues	the	characteristics	of	RME	such	as	using	
context,	 model,	 free	 production,	 interactive	 and	 constructive,	 and	
intertwined/integrated.	The	first	one,	the	use	of	context,	means	learning	through	real	
problems	in	daily	life	or	has	been	experienced	by	students	or	come	out	of	their	own.	
This	 learning	bridges	mathematical	concepts	with	everyday	experiences.	The	second	
one,	 uses	model	meaning	 that	 students	make	 their	models	 in	 solving	problems.	The	
model	 used	 is diagrams,	 tables,	 sketch	 pictures,	 symbols,	 or	 students'	 informal	
answers.	The	 third	one,	 free	production	means	students	are	making	various	ways	of	
solving	 problems;	 students	 are	 encouraged	 to	 reflect	 on	 the	 parts	 they	 consider	
essential	 in	 the	 learning	 process.	 Students'	 informal	 strategies	 in	 the	 form	 of	
contextual	 problem-solving	 procedures	 are	 sources	 of	 inspiration	 in	 constructing	
formal	 mathematical	 knowledge.	 The	 fourth	 one,	 the	 interactive	 and	 constructive,	
explicitly	 means	 the	 forms	 of	 interaction	 in	 the	 form	 of	 negotiation,	 explanation,	
justification,	 agreement,	 disagreement,	 question,	 or	 reflection,	 are	 used	 to	 achieve	
formal	 forms	 from	 the	 informal	 forms	 of	 students.	 The	 last	 one,	 the	 meaning	 of	
intertwined	 in	 RME	 is	 the	 relationship	 between	 mathematical	 concepts	 with	 other	
subjects	or	materials.	In	solving	a	problem,	one	must	know	the	relationship	between	
the	materials.	Mathematical	applications	usually	require	more	complex	knowledge	of	
arithmetic,	algebra,	or	geometry,	and	other	fields.	
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In	Revina	(2017),	Freudenthal	states	the	principles	of	RME	include	three	things,	
namely	 guided	 reinvention	 and	 didactical	 phenomenology,	 progressive	
mathematization,	 self-develop	 models.	 Guided	 reinvention	 and	 didactical	
phenomenology	 mean	 that	 RME	 guides	 students	 to	 find	 their	 strategies/ways	 of	
solving	a	problem	according	to	their	cognitive	level	because	finding	themselves	will	be	
better	understood	and	long	remembered	by	students.	 In	this	case,	the	learning	takes	
the	 context	 problems	 in	 real	 phenomena	 and	 is	 related	 to	 mathematical	 concepts.	
Progressive	mathematization	means	the	formulation	of	a	problem	into	the	language	of	
mathematics	in	the	form	of	an	abstract	concept	through	mathematical	modeling.	These	
mathematical	 problems	 can	 be	 solved	 formally	 or	 informally	 depending	 on	 the	
students'	 abilities,	 then	 translated	 back	 into	 the	 original	 real-world	 language.	
Mathematical	modeling	of	problems	that	are	real	and	can	be	solved	informally	is	called	
horizontal	mathematics.	

Meanwhile,	 modeling	 using	 mathematical	 real-world,	 formally	 resolving	 it,	 is	
called	 vertical	 mathematics.	 Self-develop	 models	 mean	 that	 students	 build	 their	
mathematical	models	 of	 the	 problems	 presented.	 	 In	 this	 case,	 the	models	 used	 are	
made	 by	 teachers	 or	 students	 who	 can	 guide	 students	 in	 solving	 real	 (context)	
problems.	These	models	provide	a	bridge	from	students'	informal	responses	to	formal	
forms.	

In	RME,	 the	emergent	model	 also	needs	 to	be	 considered	 for	 sequencing	 tasks	
and	 implementing	 mathematical	 activities	 (Wijaya,	 2008;	 Zandieh	 &	 Rasmussen,	
2010).	 The	 first	 sequence	 of	 mathematics	 models	 is	 a	 situational	 model	 (i.e.,	 real	
objects	 for	 students),	 then	 increased	 to	model-of	 (already	 in	 the	 form	of	pictures	or	
modeling	without	objects).	Then	it	shifted	to	a	model-for	(in	the	form	of	mathematical	
symbols,	such	as	add,	subtract,	multiply	and	divide).	The	highest	level	is	the	model	in	
formal	mathematics.	

This	 study	 used	 the	 principles	 and	 framework	 of	 RME	 to	 engage	 students	
through	 guided	 reinvention	 activities	 in	 context-based	 learning.	 This	 learning	
emphasizes	 the	skills	of	 the	process	of	doing	mathematics,	discussion,	 collaboration,	
and	argumentation.	Therefore,	students	are	expected	to	find	their	strategies	or	ways	
of	solving	problems,	either	individually	or	in	groups	(Gravemeijer,	2004).	

	
The	Present	Study	

Research	related	to	the	application	of	RME	at	the	secondary	school	level	is	rare	
found	 in	 the	 literature.	 It	makes	 sense	because	 the	application	of	RME	 in	 its	history	
started	 from	 elementary	 school	 (van	 den	 Heuvel-Panhuizen	 &	 Drijvers,	 2014).	 In	
addition,	 some	 practitioners	 and	 even	 researchers	 (see	 more	 in	 van	 den	 Heuvel-
Panhuizen,	 2020)	 have	 interpreted	 and	 criticized	 that	 RME	 is	 not	 suitable	 for	
education	levels	that	use	advanced	mathematics	(including	matrices	material)	because	
one	of	its	characteristics	is	using	context,	which	collides	with	an	abstract	mathematical	
structure.	 However,	 van	 den	 Heuvel-Panhuizen	 and	 Drijvers	 (2014)	 stated	 that	 the	
context	in	RME	is	anything	that	students	can	imagine	or	have	had	or	experienced.	As	a	
foundation	and	consideration	for	designing	meaningful	context-based	learning	at	the	
advanced	mathematics	level,	this	is,	of	course.		

Several	 previous	 studies	 have	 examined	 and	 focused	 on	 learning	 matrices’	
problems	both	descriptively	(e.g.,	Kusuma	et	al.,	2018;	Lesmana	et	al.,	2015;	Suastika,	
John,	 &	 Utami,	 2015)	 as	 well	 as	 with	 specific	 interventions	 (Andrews-Larson	 et	 al.,	
2017;	Cárcamo	et	al.,	2019;	Parta,	2016).	For	example,	research	conducted	by	Andrew-
Larson	 and	 colleagues	 (Andrews-Larson	 et	 al.,	 2017)	 who	 designed	 Hypothetical	
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Learning	Trajectory	(HLT)	 intending	to	support	students	 in	developing	flexible	ways	
of	 reasoning	 about	matrices	 as	 linear	 transformations	 in	 the	 context	 of	 introducing	
linear	 algebra.	 Andrews-Larson	 et	 al.'s	 (2017)	 research	 was	 conducted	 in	 an	
introductory	class	to	linear	algebra	at	a	public	university	in	the	southwestern	United	
States.	 Similar	 research	 was	 also	 carried	 out	 by	 Cárcamo	 et	 al.	 (2019),	 which	
formulated	a	Local	 Instruction	Theory	 (LIT)	 to	 support	 constructing	 the	 concepts	of	
spanning	set	and	span	in	Linear	Algebra	with	first-year	engineering	students.	Both	of	
them	use	the	RME	principle	to	design	advanced	mathematics	 learning.	Similar	to	the	
two,	we	depart	 from	 the	 same	principle,	 but	we	 apply	 it	 in	 high	 school,	where	 they	
learn	matrices	for	the	first	time	at	that	level.	Thus,	we	want	to	form	a	solid	foundation	
for	 understanding	 their	 concepts	 in	 learning	 matrices.	 Besides,	 research	 related	 to	
interventions	using	context-based	learning	applied	to	matrices	learning	in	secondary	
schools	 is	 scarce	 in	 the	 literature.	This	 context	 is	 used	 to	understand	what	 they	 are	
learning	and	what	will	be	involved	in	everyday	life.	

	
RESEARCH	METHOD  

Design	research	 is	adopted	to	achieve	research	objectives.	Design	research	has	
three	 phases,	 preliminary	 design,	 teaching	 experiment,	 and	 retrospective	 analysis	
(Gravemeijer,	 2004).	 Furthermore,	 Gravemeijer	 (2004)	 stated	 that	 design	 research	
aims	 to	 develop	Local	 Instruction	Theory	by	 collaborating	 between	 researchers	 and	
educators	to	improve	learning	quality.	

In	 the	 preliminary	 design	 phase,	 researchers	 looked	 for	 literature	 sources	 on	
RME	 and	 design	 research.	 Researchers	 began	 to	 design	 the	 Hypothetical	 Learning	
Trajectory	 (HLT).	 HLT	 consists	 of	 three	 components	 (Putrawangsa,	 2018),	 the	
learning	objectives	for	students,	the	planning	for	learning	activities,	and	hypotheses	or	
assumptions	 about	 students'	 thinking	 responses	 to	 the	 learning	 activities	 applied	 in	
the	hypothetical	 learning	 trajectory.	The	quality	of	HLT	 is	 then	 improved	by	doing	a	
series	 of	 validation	 activities,	 namely	 content	 and	 construction	 validation,	 through	
expert	 assessments	 and	 limited	 trials	 that	 have	 been	 carried	 out.	 Mathematical	
activities	are	given	in	the	form	of	problems	that	follow	the	rules	of	the	RME	approach.	
Researchers	 also	 prepared	 pretest	 questions	 to	 determine	 students'	 initial	 abilities	
about	the	concept	of	the	matrices’.	

In	the	teaching	experiment	phase,	 the	researcher	tested	the	HLT	that	had	been	
made	and	developed	it.	During	this	phase,	the	researcher	collected	data	in	classroom	
observations,	interviews,	field	notes,	and	students'	work	results.	The	learning	process	
is	 carried	 out	 in	 two	 cycles;	 each	 cycle	 provides	 five	 meetings.	 Details	 of	 the	
experiment	steps	activity	are	in	Table	1.	The	research	was	conducted	at	a	public	senior	
high	 school	 in	 South	 Tangerang	 City,	 Banten,	 Indonesia.	 The	 school	 was	 selected	
because	one	of	the	authors	is	a	mathematics	teacher	there.	The	research	problem	and	
purpose	came	from	and	back	to	this	school.	

The	 first	 cycle	 is	 called	 the	 preliminary	 teaching	 experiment.	 This	 cycle	was	
carried	out	to	test	and	observe	hypotheses	(possibility)	of	students'	responses	for	the	
method	 designed	 and	 find	 out	 the	 students'	 possible	 answers	 to	 problems	 on	 the	
activity	 sheet.	 A	 preliminary	 teaching	 experiment	 was	 carried	 out	 in	 XI	 MIPA	 1.	 It	
consists	 of	 36	 students;	 nine	 students	 were	 taken	 with	 different	 abilities	 (high,	
medium	and	low	abilities)	based	on	the	pretest	results.	After	taking	all	meetings,	they	
took	the	posttest.		
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Table	1.	Research	procedures	and	teaching	experiment	
Week	 Progress		 Activities	

Preliminary	Design	
Week	1	-4	 Preparation	 Literature,	designed	HLT,	made	instruments	(activity	sheets,	

observation	sheets,	interview	guides),	and	made	research	permits.	
Week	5	 Observation	 1.	Applying	for	research	permission	from	the	Principal	of	the	

School.		
2.	Choosing	the	class	to	be	used	for	research,	namely	XI	MIPA	1	for	
preliminary	implementation	of	teaching	(Preliminary	Teaching	
Experiment)	and	XI	MIPA	2	for	teaching	implementation	(Teaching	
Experiment).	
Preliminary	Teaching	Experiment	

Week	6	 Pretest	 It	was	attended	by	36	students	of	class	XI	MIPA	1.	The	purpose	of	
the	pretest	was	to	determine	the	students'	initial	abilities	
regarding	the	concept	of	the	matrices	

Interview	 Nine	students	were	selected	for	in-depth	interviews	based	on	the	
pretest	results	

Week	7	 The	first	
meeting	

Lesson	I:	My	passions	(Discussing	the	concept	of	defining	matrices,	
matrices	elements,	size	of	matrices,	and	types	of	matrices)	

Second	
meeting	

Lesson	II:	Reversed	position,	and	what	is	this?	(Discussing	
Transpose	and	Similarities	of	Two	Matrices)	

Week	8	 Third	Meeting	 Lesson	III:	Let's	Add	and	Find	the	Difference!	(Discusses	addition	
and	subtraction	of	matrices)	

Fourth	Meeting	 Lesson	IV:	Multiplying	Real	numbers	with	Matrices	
Week	9	 Fifth	Meeting	 Lesson	V:	Multiplication	of	Two	Matrices	
Week	10	 Postest	 Followed	by	nine	students	who	were	selected	at	the	beginning.	

This	is	to	see	the	increase	in	students'	understanding	of	the	
concept	of	the	matrices	

Interview	 We	are	interviewing	nine	students	who	took	the	posttest	to	find	
out	how	to	improve	understanding	of	the	matrices	concept.	

Teaching	Experiment	
Week	11	 Pretest	 It	was	attended	by	36	students	of	class	XI	MIPA	2.	The	purpose	of	

the	pretest	was	to	determine	the	students'	initial	abilities	
regarding	the	concept	of	the	matrices	

Interview	 We	are	interviewing	six	students	based	on	the	pretest	results.	
Week	12	 The	first	

meeting	
Lesson	I:	My	passions	(Discussing	the	concept	of	defining	matrices,	
matrices	elements,	size	of	matrices,	and	types	of	matrices)	

Second	
meeting	

Lesson	II:	Reversed	position,	and	what	is	this?	(Discussing	
Transpose	and	Similarities	of	Two	Matrices)	

Week	13	 Third	Meeting	 Lesson	III:	Let's	Add	and	Find	the	Difference!	(Discusses	addition	
and	subtraction	of	matrices)	

Fourth	Meeting	 Lesson	IV:	Multiplying	Real	numbers	with	Matrices	
Week	14	 Fifth	Meeting	 Lesson	V:	Multiplication	of	Two	Matrices	
Week	15	 Posttest	 It	was	attended	by	36	students	of	class	XI	MIPA	2.	The	results	will	

be	used	to	see	an	increase	in	students'	understanding	of	the	
concept	of	the	matrices	

Interview	 Interviewing	several	students	to	determine	the	increase	in	
understanding	the	concept	of	the	matrices	based	on	the	test	results	

Retrospective	Analysis	
Week	16-
20	

Retrospective	
Analysis	

Analyzing	the	data	that	has	been	collected	during	the	learning	
implementation.	The	HLT	that	has	been	made	is	compared	with	
the	learning	that	has	been	done	and	the	activities	that	students	
have	carried	out	

 



       n          P-ISSN: 2549-4996   |   E-ISSN: 2548-5806 
 

IJEME, Vol. 5, No. 2, September 2021, 165-180. 

170 

Some	posttest	questions	have	similarities	with	 the	pretest	questions	 to	see	 the	
progress	 in	 understanding	 the	matrices'	 concept.	 Some	 items	 are	 different	 from	 the	
pretest	to	determine	how	far	they	understand	and	can	use	the	matrices'	concept.	Data	
were	collected	from	students'	writing	(pretest	and	posttest	results,	worksheets),	and	
videos	 that	 show	 students'	 activities	 in	 learning.	 Then	 they	were	 interviewed	more	
deeply.	The	data	were	then	analyzed	to	see	whether	the	learning	trajectory	hypothesis	
needs	to	be	revised	before	applying	it	in	the	second	cycle.	

The	second	cycle	is	called	the	teaching	experiment,	carried	out	in	class	XI	MIPA	
2,	consisting	of	36	students.	The	HLT	revised	in	the	preliminary	teaching	experiment	
was	used	as	a	guide.	We	implemented	a	group	 learning	setting	based	on	random	for	
each	 meeting;	 each	 group	 consists	 of	 4	 students.	 There	 were	 nine	 groups	 involved	
until	 the	 end	 of	 this	 study.	 The	 teaching	 experiment	 details	 can	 be	 seen	 in	 Table	 1,	
which	 includes	 the	 material	 introduced	 to	 the	 matrices’	 at	 the	 beginning	 of	 the	
meeting	and	the	multiplication	between	matrices	at	the	end	of	the	meeting.	

In	the	retrospective	analysis	phase,	we	analyze	the	data	that	has	been	collected	
during	 the	 learning	process.	 From	 the	HLT	 that	has	been	made,	 it	 is	 then	 compared	
with	the	learning	(including	student	activities)	carried	out.	 If	 the	results	still	need	to	
be	 improved,	 the	HLT	will	be	revised.	Students'	answers	on	 the	pretest	and	posttest	
were	examined	 to	 see	how	 the	matrices’	 conceptual	 knowledge	was	described.	Data	
from	interviews	can	also	deepen	answers	or	confirm	the	students'	works.	Qualitative	
analysis	was	chosen	because	this	study's	focus	was	not	only	on	the	results	of	students'	
scores	 on	 the	 pretest	 and	 posttest	 but	 also	 on	 the	 beginning	 when	 they	 do	 not	
understand	 the	 concept	 of	 the	matrices,	 and	 they	 know	 and	 can	 apply	 the	matrices	
concept	through	realistic	mathematics	education	(Prahmana,	2017).	
 
RESULTS	AND	DISCUSSION	

This	part	presents	research	findings	limited	to	the	teaching	experiment	phase	to	
focus	on	what	was	stated	in	the	research	objectives.	This	phase	involved	36	students	
in	class	XI	of	high	school.	The	LIT	applied	for	this	phase	is	a	revision	of	the	previously	
developed	HLT	and	applied	to	the	preliminary	teaching	experiment	phase.	

	
LIT	part	1:	The	context	of		hobbies	or	passions	as	the	starting	point	in	compiling	
and	defining	the	matrices	
Step	1:	Contextual	problems	that	represent	the	matrices		

The	 context	 of	 the	 first	 meeting	 is	 about	 Hobbies	 Students	 discuss	 solving	
contextual	problems	on	the	Student	Activity	Sheet.	Figure	1	below	is	an	introductory	
sample	of	matrices	material.	

Figure	1	presents	the	first	problem	regarding	traveling	hobbies,	comparing	the	
tickets	of	several	airlines	to	Padang	and	Medan.	The	next	question	takes	the	context	of	
a	sports	hobby,	in	this	case,	football.	There	is	data	about	the	scores	of	wins,	draws	and	
losses	from	several	football	clubs	in	Indonesia.	

Of	the	nine	groups,	eight	groups	were	able	to	arrange	the	matrices	from	context	
to	 table	 (see	 Figure	 2),	 and	 one	 group	 gives	 answers	 outside	 of	 predictions	 in	
constructing	the	matrices	from	context	to	table.	'It's	means	that	students	were	able	to	
do	the	second	stage	of	modeling,	namely	the	"model	of"	according	to	what	Freudenthal	
expressed	 (Revina,	2017).	Freudenthal	 revealed	 that	 the	self-model	 in	RME	has	 four	
steps:	 the	 situational	 model,	 the	 model	 of,	 the	 model	 for,	 and	 the	 formal	 model	
(Revina,	2017).	
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Figure	1.	Contextual	Problems	as	Introduction	to	Matrices	Material	

 
Students	have	been	able	 to	manipulate	objects	 (in	 this	 case,	 the	 context	of	 the	

story)	to	get	to	the	understanding	of	the	matrices	concept;	according	to	Arsaythamby	
and	 Zubainur	 (2014)	 argue	 that	 learning	 realistic	 mathematics	 will	 provide	
opportunities	 for	 students	 to	 develop	 an	 understanding	 of	 mathematical	 concepts	
through	the	manipulation	of	objects	and	tools.	

	

	
Figure	2.	Students'	Answers	in	Constructing	the	Matrices	from	Context	to	Table	
	
Figure	2	shows	the	answer	as	 in	the	student	response	prediction.	Although	the	

answers	 shown	 in	 Figure	 2	 are	 different	 but	 have	 the	 same	 meaning,	 they	 have	
compared	the	airline	ticket	prices	in	the	two	destination	cities.	
 

 
Figure	3.	Students'	Answers	Outside	of	Predictions	in	Constructing	the	Matrices	from	

Context	to	Table 
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There	was	an	answer	beyond	the	predictions	from	all	of	the	students'	responses	
(see	Figure	3).	The	group	did	not	compare	the	ticket	prices	of	several	airlines	with	the	
same	 destination.	 During	 the	 discussion	 session,	 they	 learned	 the	 difference	 they	
made.	They	arrange	a	table,	as	shown	in	Figure	3;	all	airline	ticket	prices	are	arranged	
downward,	without	looking	at	the	same	airlines.	For	example,	the	Garuda	ticket	price	
to	Padang	is	IDR	2,000,000,	while	to	Medan	still	on	the	same	airline,	the	price	is	IDR	
2,500,000.	

According	 to	 Treffers	 (Gravemeijer,	 2004),	 the	 use	 of	 context	 is	 the	 first	
characteristic	 of	 RME.	 This	 learning	 uses	 real	 problems	 in	 our	 life	 or	 has	 been	
experienced	by	students,	or	 it	 is	a	real	situation.	This	 learning	leads	to	mathematical	
concepts	with	daily	experiences.	Some	of	 these	problems	serve	as	 introductions	that	
will	 guide	 students	 to	 the	 next	 stage	 of	 matrices.	 Context	 is	 used	 as	 an	 idea	 that	
motivates	students	to	think	mathematically	(Webb	et	al.,	2011).	

  
Figure	4.	Students	Compile	Matrices	from	Given	Contextual	Problems	

	
After	 compiling	 the	 tables,	 students	 are	 asked	 to	 arrange	 them	 into	matrices.	

Eight	of	nine	groups	were	able	 to	 compose	matrices	 (see	Figure	4),	define	matrices,	
rows,	and	columns	with	their	own	language	based	on	the	matrices	they	have	compiled.	
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Students	also	already	know	about	 the	size	of	 the	matrices.	The	 following	 is	dialogue	
when	learning	the	definition	of	matrices.	

	
Teacher:	"This	symbol	is	called	matrices.	What	do	you	know	about	matrices?	"	

Group	1:	"The	arrangement	of	numbers	in	square	brackets	which	have	a	pattern."	

Teacher:	"Any	other	opinions?"	

Group	3:	"Numbers	in	rows	and	columns	in	square	brackets."	

Group	2:	"An	arrangement	of	numbers	consisting	of	rows	and	columns	using	brackets."	

Teacher:	"So,	Is	there	any	difference	between	table	and	matrices?"	

All:	"Yes."	

Teacher:	 "In	matrices,	 there	 are	what	we	 called	 rows	 and	 columns.	 Then	what	 is	 the	 row?"	

(Teacher	asked	group	4)	

Group	4:	"Rows	are	numbers	which	are	in	sideways."	

Teacher:	"Is	there	any	different	opinion?"	

Group	5:	"Line	is	a	horizontal	arrangement	of	numbers."	

Group	1:	"Rows	are	the	arrangement	of	numbers	horizontally."	

	
From	 the	dialogue	above,	 it	 can	be	 seen	 that	 students	 can	define	 the	matrices.	

Students'	 definition	 follows	 the	 definition	 of	 the	 matrices	 expressed	 by	 Manulang	
(2017)	 that	 the	 matrices	 are	 an	 arrangement	 of	 numbers	 consisting	 of	 rows	 and	
columns	using	regular	brackets.	Besides,	 students	can	also	define	rows	and	columns	
with	their	own	language	based	on	the	matrices	they	have	compiled.	

	
Step	2:	Defining	and	Constructing	the	Transpose	Matrices		

Figure	 5	 shows	 the	 examples	 of	 students'	 answers	 to	 the	 first	 problem	 with	
transpose	 matrices.	 Students	 have	 also	 been	 able	 to	 define	 the	 transpose	 of	 the	
matrices.	 The	 following	 is	 a	 snippet	 during	 the	 second	 meeting	 that	 discusses	 the	
transpose	of	the	matrices.	

	
Teacher:	 "Please	 compare	 the	 matrix	 T	 and	 P.	 How	 are	 the	 elements	 positioned?	 Group	 6,	

please.	Can	you	explain	it?	"	

Group	6:	"Elements	in	rows	turn	into	columns,	and	vice	versa."	

Teacher:	 "The	 T	 and	 P	 matrices	 transpose	 each	 other.	 What	 is	 the	 definition	 of	 transpose?	

group	1,	now	it	is	your	turn	to	answer."	

Group	1:	"Matrices	formed	by	swapping	rows	and	columns."	

Teacher:	"Any	other	opinions?"	

Group	3:	"Changing	the	position	of	elements	from	rows	to	columns	and	vice	versa."	

Group	5:	"Transpose	matrices	are	matrices	that	are	made	by	swapping	between	columns	and	

rows."	

Teacher:	"Is	it	possible	if	the	first	row	becomes	the	third	column?"	

Class:	"No,	it	is	not."	

Teacher:	"It	means	if	it	is	in	the	first	row,	what	would	it	be?"	
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Class:	"It	should	be	in	the	first	column."	

Teacher:	 "Good.	 Now,	 any	 other	 opinion	 about	 the	 definition	 of	 transpose	 matrices?	 "	 well,	

group	3,	please.	"	

Group	3:	"Transpose	matrices	is	the	changing	position	of	the	elements	of	the	matrices."	

Teacher:	"All	the	answers	are	right,	but	any	of	you	who	may	complete	the	definition,	please?"	

	Group	 3:	 "Transpose	 matrices	 is	 the	 changing	 position	 of	 matrix	 elements	 from	 rows	 to	

columns."	

	

 

Figure	5.	Students'	Answers	about	the	Transpose	Matrices 
	
From	 the	 dialogue	 passage	 during	 the	 lesson	 above,	 students	 can	 arrange	 the	

transpose	of	the	matrices,	distinguish	the	initial	matrices	from	the	transpose	matrices,	
and	define	the	matrices'	transpose.	
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LIT	 part	 2:	 Matrices	 multiplication	 concept	 (matrix	 scalar	 multiplication	 as	
repeated	addition;	terms	and	product	of	two	matrices	
Step	1:	Multiply	the	matrices	by	the	scalar	as	repeated	addition.		

In	this	session,	students	work	on	matrices	and	scalar	multiplication.	All	students	
have	been	able	to	finish	the	multiplication	matrices	by	a	scalar,	see	Figure	6.	

	

   
Figure	6.	The	example	of	Student	Answers	on	Multiplication	of	a	Matrix	with	a	Scalar	

as	a	Repeated	Addition	
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Figure	 6	 shows	 the	 multiplication	 of	 matrix	 A	 with	 scalar	 2	 (question	 b),	
students	 explain	 for	 each	 element.	 For	 question	 c,	 students	 do	 repeated	 addition	
(A+A),	it	the	same	answer	with	question	b.	Students	can	conclude	that	multiplication	
matrices	 will	 be	 the	 same	 as	 the	 repeated	 addition	 from	 the	 questions	 given.	 The	
result	 of	 this	 research	 indicates	 that	 students	 have	 carried	 out	 the	 third	 realistic	
mathematics	 education	 principle	 according	 to	 Freudenthal's	 theory	(Revina,	 2017)							
(2	x	A	=	A	+	A),	namely	the	self-develop	model,	where	students	have	been	at	the	formal	
model	 stage,	 students	 can	 formulate	 multiplication	 matrices	 with	 a	 scalar	 as	 a	
repeated	addition	after	doing	discussion	based	on	the	contextual	questions	given.	

	
Step	2:	Terms	and	Results	of	Two	Matrix	Multiplications	

Using	context	can	also	visualize	 the	matrices'	concept	of	several	objects,	which	
then	 naturally	 leads	 students	 to	 discover	matrices	multiplication.	 Students	who	 are	
usually	 given	 routine	 multiplication	 of	 two	 matrices	 today	 are	 given	 contextual	
questions	about	a	survey	result	of	student	interest	in	a	specific	subject.	
	

 
Figure	7.	Contextual	problems	lead	students	to	make	reinvention	matrices	

multiplication	concept	
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The	 question	 about	 the	 data	 from	male	 and	 female	 students	 who	 like	 certain	
subjects	 (Physics,	 chemistry,	 and	 biology).	 The	 students	 were	 confused	 about	 the	
relationship	 between	 the	 questions	 given	 and	 the	 matrices	 multiplication	 material.	
After	 discussing	 with	 their	 group	 and	 the	 teacher	 then	 gives	 questions	 that	 lead	
students	 to	 find	 the	multiplication	matrices	 concept	 of	 the	 contextual	 problem	 (see	
Figure	 7);	 it	 shows	 that	 students	 from	 group	 two	 can	 reinvent	 the	multiplication	 of	
two	matrices	formulation.	The	following	is	a	part	of	the	dialog	from	the	discussion	at	
the	fifth	meeting	about	matrices	multiplication.	

	
Teacher:	"Do	you	think	Matrices	A	and	B	can	be	multiplied?"	

Group	2:	"Sure."	

Teacher:	"that	is	right.	Can	you	explain	why	it	can	be?"	

Group	2:	"Because	the	number	of	column	A	is	the	same	as	the	number	of	rows	B."	

Teacher:	"Good,	next	question;	how	to	multiply	it?"	

Group	2:	"This	one	multiplies	with	that	one"	(shows	rows	and	columns)	

Teacher:	"So,	we	can	match	row	with….?"	

Group	2:	"The	first	row	with	column	one,	first	row	multiply	column	two,	the	first	row	multiply	

with	column	three."	

Teacher:	"So,	the	size	of	matrices	from	the	multiplication	result	of	the	matrices	will	be?"	

Group	2:	"2x3"	

Teacher:	"What	is	2x3	in	the	first-row	showing?"	

Group	2:	"Female"	

Teacher:	"That	is	right;	then	what	does	each	column	show?"	

Group	2:	"Woman	who	likes	physics."	

Teacher:	"What	about	the	second	column?"	

Group	2:	"Females	who	like	chemistry."	

Teacher:	"What	about	in	column	3?"	

Group	2:	"Biology"	

Teacher:	"Ok,	those	who	like	physics	in	which	element	are	they?"	

Group	2:	"they	are	in	element	1."	

 

From	the	above	discussion,	 it	 can	be	seen	 that	students	know	the	 terms	of	 the	
matrices	 can	 be	 multiplied,	 the	 size	 of	 matrices	 from	 the	 multiplication	 of	 two	
matrices,	and	the	meaning	of	each	element	based	on	the	problem	being	asked.	

Students	 have	 also	 been	 able	 to	 write	 down	 the	 matrices'	 multiplication	
requirements	and	write	down	the	multiplication	result	of	two	matrices	(see	Figure	8).	
The	result	of	this	research	indicates	that	students	have	carried	out	the	third	realistic	
mathematics	 education	 principle	 according	 to	 Freudenthal's	 theory	 (Revina,	 2017),	
namely	the	self-develop	model,	where	students	are	already	at	the	formal	model	stage,	
students	 can	 formulate	 a	 method	 of	 multiplying	 two	 matrices	 from	 the	 discussion	
results	based	on	the	contextual	questions	given.	
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Figure	8.	Students'	answers	about	matrices	multiplication	requirements	and	results	

 
From	 all	 learning	 activities,	 realistic	 mathematics	 education	 can	 be	 used	 to	

develop	an	understanding	of	the	multiplication	matrices	concept	in	senior	high	school	
students.	 The	 steps	 starting	 from	 context	 help	 learn	 matrices	 multiplication	
operations	from	informal	to	more	formal	ways.	This	is	in	line	with	Hidayat's	research	
that	 with	 realistic	 mathematics	 education,	 students'	 conceptual	 understanding	
becomes	better	(Hidayat	&	Iksan,	2015).	The	point	of	conceptual	knowledge	(Purnomo	
et	 al.,	 2019)	 is	 that	 students	 can	understand	 the	 connections	between	mathematical	
concepts	and	integration	for	contextual	situations	that	have	also	been	achieved.	
 
CONCLUSION	AND	LIMITATION	

This	 study	 aims	 to	 develop	 LIT	 to	 understand	 the	matrices	 concept	 for	 senior	
high	 school	 students.	This	 study	 indicates	 that	 the	 context	presented	 is	 constructive	
for	 students	 to	 compile	 and	 define	 the	 matrices	 and	 reinvention	 the	 multiplication	
matrices	 formula.	 The	 arranged	 LIT	 includes	 two	 important	 points.	 First,	 using	 the	
context	 of	 a	 favorite	 or	 a	 hobby	 as	 a	 starting	 point	 in	 compiling	 and	 defining	 the	
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matrices.	Second,	using	the	scalar	multiplication	concept	of	the	matrices	as	an	iterative	
addition.	 Students	have	 a	 good	 foundation	 for	understanding	 the	matrices	 and	 their	
application	in	everyday	life	from	these	two	points.	

This	 study's	 results	 are	 satisfying,	 but	we	 still	 face	 burdens,	 especially	 for	 the	
time	needed	in	the	learning	process.	Students	need	much	time	to	interpret	the	concept	
from	the	given	context	and	reinvention	the	multiplication	matrices	formula,	while	the	
duration	in	the	learning	process	is	only	90	minutes	for	one	meeting.	
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