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Abstract	
Creative	thinking	(CT)	is	increasingly	becoming	a	key	focus	in	mathematics	education,	particularly	in	addressing	non-
routine	 problems,	 facilitating	 the	 transfer	 of	 knowledge	 to	 new	 contexts	 and	 fostering	 innovation.	 In	 this	 regard,	
decision-making	 (DM)	 in	mathematical	 problem-solving	 plays	 a	 crucial	 role	 in	 shaping	 how	 students	 develop	 and	
express	their	creative	thinking	processes.	DM	influences	strategy	selection,	idea	organization	and	the	way	solutions	
are	constructed.	This	study	aims	to	describe	how	students'	CT	is	manifested	through	their	directive	decision-making	
(DDM)	style	when	solving	open-plan	geometry	problems.	This	research	employed	a	qualitative	case	study	approach,	
involving	37	mathematics	education	 students	 identified	as	having	a	DDM	style	 from	 four	universities	 in	East	 Java,	
Indonesia.	Data	were	collected	through	questionnaires,	open-ended	problem-solving	tests,	interviews	and	think-alouds	
to	capture	cognitive	processes.	Data	were	analyzed	using	the	stages	of	data	reduction,	data	display	and	conclusion	
drawing.	Findings	indicate	that	the	DDM	is	characterized	by	a	systematic,	structured	and	rapid	approach	to	problem-
solving.	Students	with	a	DDM	style	demonstrate	strengths	in	fluency,	flexibility	and	detailed	procedural	elaboration.	
However,	their	originality	tends	to	be	limited,	as	they	largely	rely	on	standard	and	familiar	procedures.	Therefore,	this	
study	highlights	the	importance	of	examining	how	directed	and	efficiency-oriented	thinking	styles	interact	with	CT	
processes	that	require	flexibility,	originality	and	exploration	in	the	context	of	mathematics	learning.	
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Introduction	
Creative	 thinking	 (CT)	 is	a	crucial	 competency	 in	
mathematics	 education,	 as	 it	 influences	 students'	
ability	 to	 solve	 non-routine	 problems.	 CT	
encompasses	four	dimensions:	fluency,	 flexibility,	
originality	 and	 elaboration,	 which	 reflect	 the	
ability	to	generate	ideas,	shift	strategies,	produce	
unique	 solutions	 and	develop	 ideas	 in	 depth	 (1).	
These	 dimensions	 are	 particularly	 relevant	 in	
geometry,	 where	 problems	 are	 open-ended	 and	
allow	 for	 multiple	 solution	 approaches	 (2).	
Students	with	higher	CT	abilities	tend	to	generate	
alternative	 solutions	 and	 use	 diverse	 represen-
tations	 (3).	 Furthermore,	 integrating	 CT	 into	
mathematics	 learning	 enhances	 higher-order	
thinking	 skills	 and	 prepares	 students	 for	 21st-
century	 challenges	 (4).	 However,	 despite	 the	
widespread	 recognition	 of	 the	 importance	 of	 CT,	
various	 studies	 have	 shown	 that	 many	 students	
still	 struggle	 to	 maximize	 this	 ability.	 This	 is	
evident	in	students'	tendency	to	remain	trapped	in	
procedural	thinking	patterns,	making	it	difficult	for	
them	to	generate	diverse	and	innovative	solutions	

(5,	 6).	 In	 contrast,	 mathematical	 creativity	 is	
viewed	as	a	crucial	skill	that	can	support	in-depth	
understanding	 and	 problem-solving	 abilities.	
However,	 its	conceptualization	and	measurement	
remain	 inconsistent	 across	 studies	 (7).	 This	
condition	 is	 further	 reinforced	 by	 mathematics	
learning	practices	 in	 Indonesia,	which	 tend	 to	be	
procedurally	oriented	and	 teacher	centered.	As	a	
result,	 the	 learning	 process	 emphasizes	 the	 final	
result	 rather	 than	 the	student's	 thinking	process,	
so	that	the	development	of	mathematical	creativity	
is	 less	 than	 optimal.	 Showed	 that	 elementary	
school	 students	 in	 Indonesia	 still	 experience	
difficulties	 in	 the	 aspect	 of	 novelty,	 even	 though	
they	have	demonstrated	abilities	in	the	aspects	of	
fluency	 and	 flexibility	 in	 solving	 mathematical	
problems	 (8).	 In	 addition,	 other	 studies	 have	
revealed	 that	 students'	mathematical	 CT	 abilities	
are	generally	in	the	moderate	category	and	tend	to	
be	 dominated	 by	 certain	 indicators,	 such	 as	
elaboration,	while	 the	aspect	of	originality	 is	still	
relatively	low	(9).	This	indicates	a	gap	between	the	
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demands	of	the	curriculum	that	emphasizes	Higher	
Order	 Thinking	 Skills	 (HOTS)	 and	 learning	
practices	in	the	field.	
In	 this	 context,	 decision-making	 (DM)	 is	 a	
fundamental	 cognitive	 process	 involving	 the	
selection	 of	 the	 best	 alternative	 based	 on	
evaluating	 information,	 risks	 and	 consequences.	
DM	 style	 reflects	 individuals’	 tendencies	 in	
decision	 situations,	 such	 as	 directive,	 analytic,	
conceptual	 and	 behavioral	 styles,	 each	 contribu-
ting	 differently	 to	 decision	 quality	 and	
performance	 (10,	 11).	 In	 education,	 these	 styles	
influence	 how	 students	 solve	 problems,	 organize	
information	and	regulate	their	thinking	(12).	They	
also	affect	how	students	explore	solutions,	thereby	
impacting	the	quality	of	their	understanding	(13).	
Therefore,	understanding	DM	styles	is	essential	for	
developing	 adaptive	 and	 reflective	 learning	
strategies.	
Directive	decision-making	(DDM)	is	characterized	
by	a	preference	for	structure,	speed	and	efficiency	
in	 processing	 information	 and	 determining	
actions.	Individuals	with	a	DDM	style	rely	on	clear	
procedures,	 rules	 and	 prior	 experience	 to	 make	
decisions	 quickly.	 This	 orientation	 has	
implications	 for	 CT,	 particularly	 in	 problem-
solving.	 Structured	 and	 efficient	 characteristics	
can	 enhance	 fluency,	 as	 individuals	 can	 quickly	
generate	 ideas	 based	 on	 existing	 schemas	 (14).	
However,	reliance	on	familiar	strategies	can	limit	
flexibility	 and	 originality,	 as	 individuals	 are	 less	
likely	 to	explore	alternative	approaches	 (15,	16).	
Compared	to	other	styles,	analytic	and	conceptual	
styles	 emphasize	 deeper	 reasoning	 and	
exploration	 of	 alternatives,	 while	 the	 behavioral	
style	 focuses	 on	 interpersonal	 aspects	 (17).	 In	
contrast,	 the	 directive	 style	 prioritizes	 efficiency	
and	 familiar	 procedures,	 making	 it	 suitable	 for	
mathematics	 learning	 that	 requires	 systematic	
problem-solving,	 although	 it	 may	 limit	 strategy	
diversity.	
This	 is	understandable	because	CT,	characterized	
by	 the	 ability	 to	 generate	 various	 solutions	
(divergent	 thinking),	 correlates	 with	 certain	 DM	
styles,	 particularly	 the	 rational	 style,	 which	
significantly	predicts	creative	performance	(18).	In	
other	 words,	 the	 integration	 of	 analytical	 and	
exploratory	 processes	 is	 key	 to	 producing	
innovative	DM.	In	mathematics	learning,	DM	is	not	
only	 related	 to	 the	 selection	 of	 solution	
procedures,	 but	 also	 involves	 students'	 ability	 to	

explore	various	strategies	and	represent	solutions	
flexibly.	
Based	on	 the	above	description,	 this	 study	offers	
novelty	by	specifically	examining	the	role	of	DDM	
style	in	the	mathematical	CT	process	of	students	in	
Indonesia,	which	has	 rarely	been	explored	 in	 the	
international	 literature.	 Most	 previous	 studies	
have	focused	on	rational	and	intuitive	DM	styles	in	
relation	 to	divergent	 thinking	and	 found	 that	 the	
rational	 style	 has	 a	 significant	 influence	 on	
creativity,	 while	 other	 styles	 have	 not	 shown	 a	
consistent	 contribution	 (19).	 Therefore,	 it	 is	
important	 to	 investigate	 how	 the	 directive	 style,	
characterized	 by	 a	 tendency	 to	 think	 quickly,	 be	
structured	 and	 be	 efficiency-oriented,	 interacts	
with	 CT	 processes	 that	 demand	 flexibility,	
originality	 and	 exploration	 of	 solutions	 in	
mathematics	learning.	
Furthermore,	the	novelty	of	this	study	also	lies	in	
the	integration	of	the	perspective	of	DM	style	and	
the	 mathematical	 CT	 process	 among	 Indonesian	
students	in	solving	geometry	problems	that	tend	to	
be	procedural.	Previous	 research	has	 shown	 that	
creativity	 in	mathematics	 is	highly	dependent	on	
students'	 ability	 to	 develop	 various	 solution	
strategies	 and	 relate	 them	 to	 complex	 problem	
contexts	 (20,	21).	 In	addition,	other	 studies	have	
confirmed	 that	 the	 mathematical	 CT	 process	
involves	 systematic	 cognitive	 stages	 and	 is	
influenced	 by	 individual	 characteristics	 such	 as	
learning	and	cognitive	styles	(22).	Thus,	this	study	
is	 expected	 to	 provide	 new	 contributions	 to	
revealing	how	the	CT	process	with	a	directive	style	
occurs	 in	 solving	 geometry	 problems,	 thereby	
producing	 a	more	 comprehensive	 understanding	
of	the	interaction	between	DM	and	creativity	in	the	
context	of	mathematics	learning	in	Indonesia.	
	

Methodology	
Research	Design	
This	 study	 used	 a	 qualitative	 case	 study	 design	
(23).	 This	 design	was	 chosen	 because	 this	 study	
focuses	on	the	“Case”	of	one	student	with	a	DDM	
style	to	explore	in	depth	the	critical	thinking	(CT)	
process	 when	 solving	 geometry	 problems	 (24).	
Using	a	case	study	approach,	this	research	focuses	
on	data	depth	through	the	triangulation	of	written	
work	in	solving	the	test,	think-aloud	protocols	and	
interviews,	as	well	as	process	tracing	to	elaborate	
fluency,	 flexibility,	 originality	 and	 elaboration	 of	
ideas	 in	 detail	 (25).	 This	 study	 adopts	 Torrance	
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and	Guilford's	CT	framework,	which,	in	the	context	
of	geometry	problem	solving,	is	operationalized	as:	
fluency	(generating	multiple	strategies),	flexibility	
(using	 multiple	 approaches),	 originality	
(generating	 unique	 solutions)	 and	 elaboration	
(developing	solutions	in	detail	and	systematically).	
This	adaptation	aims	to	maintain	the	relevance	of	
the	concept	of	creativity	in	mathematics	learning,	
particularly	 to	 support	 accuracy,	 variety	 of	
strategies	 and	 depth	 of	 thinking	 in	 the	 learning	
process.	
Participants	
The	 subjects	 of	 this	 study	 were	 mathematics	
education	 students	 in	 their	 second	 and	 fourth	
semesters	 from	 four	 universities	 in	 East	 Java	
Province,	 Indonesia.	 Respondents	 were	 selected	
based	 on	 their	 completion	 of	 relevant	 geometry	
courses	 related	 to	 the	 problems	 presented.	 The	
initial	number	of	respondents	was	130,	who	were	

then	 grouped	based	on	 their	DM	 styles	 into	 four	
categories:	directive	[37],	analytic	[34],	conceptual	
[33]	 and	 behavioral	 [26].	 The	 subject	 selection	
flow	is	shown	in	Figure	1.	
In	Figure	1,	subject	selection	begins	with	the	stage	
of	grouping	students	based	on	the	results	of	the	DM	
style	questionnaire	into	four	categories:	directive,	
analytic,	 conceptual	 and	 behavioral.	 Next,	 in	 the	
second	stage,	the	CT	processes	of	students	in	each	
group	were	 analyzed	 using	 indicators	 of	 fluency,	
flexibility,	originality	and	elaboration.	 In	 the	next	
stage,	 students	 who	 best	 represented	 the	
characteristics	of	their	respective	DM	styles	were	
given	 a	 problem-solving	 test	 to	 analyze	 and	
examine	indicators	of	a	clear	CT	process.	From	this	
selection	 process,	 five	 research	 subjects	 were	
obtained,	consisting	of	one	directive	style	student	
(D1),	two	analytic	style	students	(A1	and	A2),	one	
conceptual	style	student	(C1)	and	one	behavioral	
style	student	(B1).	

	

	
Figure	1:	Subject	Selection	Stage	

	

The	 subject	 was	 purposively	 selected	 as	 an	
information-rich	 case	 based	 on	 the	 criteria	 of	
consistent	 directive	 tendencies	 in	 willingness	 to	
participate,	as	well	as	the	completeness	and	quality	
of	written	work	and	interview	or	think-aloud	data	
(26).	The	directive	style	is	considered	unique	and	
worth	exploring	further	because	of	its	emphasis	on	
efficiency,	structure	and	procedures,	as	well	as	its	
approach	 to	 exploring	 ideas	 in	 open-ended	

problems.	 This	 focus	 examines	 whether	 it	
facilitates	 or	 hinders	 creativity	 in	 the	workplace.	
Therefore,	 focusing	 on	 a	 single	 subject	 provides	
the	necessary	analytical	depth	to	fill	the	theoretical	
gap	 regarding	 the	 mechanisms	 of	 creativity	 in	 a	
directive	 style.	 Additionally,	 it	 provides	 an	
empirical	 foundation	 for	 broader	 studies	 in	
subsequent	stages	(27,	28).	
	



Fauziah	et	al.,																																																																																																																											 															Vol	7	ǀ	Issue	3	

 

575 
 

Instruments	
The	 research	 instruments	 consisted	 of	 the	 main	
and	supporting	instruments.	The	main	instrument	
was	the	researcher,	who	was	directly	 involved	in	
the	research	process.	The	supporting	instruments	
in	 this	 study	 consisted	 of	 three	 types:	
questionnaires,	 tests	 and	 interviews.	 The	
questionnaire	used	was	adapted	 from	a	DM	style	
instrument	(29).	The	DM	Style	Scale	consists	of	20	
statement	 items	 to	 identify	 students'	 DM	 style	

tendencies,	 including	 directive,	 analytic,	 concep-
tual	 and	 behavioral.	 Furthermore,	 the	 test	
instrument	 was	 in	 the	 form	 of	 mathematical	
problem-solving	 questions	 designed	 to	 reveal	
students'	 CT	 processes	 based	 on	 indicators	 of	
fluency,	flexibility,	originality	and	elaboration	(30).	
Prospective	 subjects	 from	 the	 four	groups	of	DM	
styles	 were	 identified	 based	 on	 the	 CT	 aspects:	
fluency,	 flexibility,	 originality	 and	 elaboration,	
with	indicators	developed	as	shown	in	Table	1.	

	

Table	1:	Aspects	and	Indicators	of	CT	
Aspects	of	CT	 Indicators	
Fluency	 Generating	many	ideas	or	solutions	related	to	a	problem	without	

constraints.	
Flexibility	 Connecting	different	concepts	or	elements	to	find	innovative	solutions	to	

problems.	
Originality	 Solving	problems	using	a	unique	and	different	approach.	
Elaboration	 ● It	can	clarify	solutions	in	depth	and	detail.	

● Being	able	to	explain	ideas	or	solutions	well,	making	them	easily	understood	
by	others,	both	orally	and	in	writing.	

	

In	 addition,	 an	 in-depth	 interview	 guide	 was	
conducted	 using	 16	 questions	 aimed	 at	 further	
exploring	 students'	 thought	 processes,	 clarifying	
answers	on	the	written	test	and	strengthening	the	
data	 through	methodological	 triangulation.	 Thus,	
the	three	instruments	complemented	each	other	in	
obtaining	 comprehensive	 data	 on	 students'	 DM	
styles	 and	 CT	 processes.	 A	 semi-structured	
interview	guide	and	 think-aloud	recordings	were	
used	 as	 research	 instruments.	 An	 open-ended	
problem-solving	test	was	used	to	explore	students'	
CT	abilities,	as	this	test	encourages	subjects	to	find	
not	only	a	single	correct	answer	but	also	various	
alternative	 solutions.	 This	 test	 was	 validated	 by	
two	 expert	 lecturers	 in	 mathematics	 education	
from	Malang	State	University	and	 in	consultation	
with	 the	research	team.	The	 interview	guide	was	
developed	 through	discussions	with	 the	research	
team	 to	 further	 explore	 the	 participants’	 CT	
processes	 in	solving	 test	problems	and	 to	ensure	
alignment	with	the	research	objectives.	
Data	Analysis	
Data	analysis	in	this	study	was	conducted	using	a	
qualitative	 approach	 through	 the	 stages	 of	 data	
reduction,	 presentation	 and	 conclusion	 drawing.	
Data	 were	 obtained	 from	 written	 tests,	 think-
alouds	 and	 interviews	 and	 analyzed	 to	 identify	
students'	 CT	 processes	 based	 on	 indicators	 of	
fluency,	flexibility,	originality	and	elaboration.	The	
think-aloud	method	was	used	to	capture	cognitive	

processes	 directly,	 while	 interviews	 served	 to	
deepen	and	clarify	these	findings.	To	increase	the	
validity	 and	 credibility	 of	 the	 data,	 this	 study	
applied	 method	 triangulation	 by	 combining	
various	 data	 collection	 techniques	 to	 minimize	
bias	 and	 produce	 a	 more	 comprehensive	
understanding	 of	 the	 phenomenon	 under	 study	
(31).	Data	analysis	was	conducted	iteratively	until	
a	 comprehensive	 understanding	 was	 obtained	
regarding	the	relationship	between	DM	styles	and	
CT	processes	in	mathematics	learning.	
	

Results	
The	research	findings	indicate	that	the	DDM	style	
can	 be	 developed	 in	 the	 context	 of	 CT	 to	 solve	
open-ended	 problems	 in	 plane	 geometry.	 The	
exploration	of	the	CT	process	in	the	subject	with	a	
DDM	style	 is	presented	as	follows:	Description	of	
CT	Based	on	the	DDM	Style.	
Understanding	the	Problem	
D1	 solved	 the	 problem	by	 reading	 the	 test	 sheet	
and	 then	 writing	 down	 the	 known	 and	 asked	
information,	namely,	 a	 rectangle	with	a	 length	of	
20	cm	and	a	width	of	12	cm.	D1	also	wrote	down	
the	questions	asked,	namely,	a)	draw	two	solutions	
and	b)	calculate	the	area.	D1	represents	the	known	
and	asked	information	in	a	verbal	representation.	
This	is	also	reinforced	by	the	answer	sheet	written	
by	D1	in	Figure	2.	
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Figure	2:	Answer	D1	in	Understanding	the	Problem	
	

The	answer	to	D1,	shown	in	Figure	2,	is	explored	
through	think-aloud	as	 follows.	During	the	think-
aloud	session,	D1	read	the	problem	statement	and	
stated	 that	 an	 art	 teacher	 wanted	 to	 create	 a	
rectangular	mosaic	measuring	20	cm	in	length	and	
12	 cm	 in	 width,	 consisting	 of	 six	 different	
geometric	shapes.	While	opening	the	answer	sheet	
and	 beginning	 to	 write,	 D1	 identified	 the	
information	provided	 in	the	problem,	namely	the	
dimensions	of	the	rectangle.	D1	further	explained	
that	 the	 task	 required	 drawing	 two	 possible	
mosaic	 designs	 and	 calculating	 the	 area	 of	 each	
geometric	shape	contained	within	the	rectangle.	
Next,	the	researcher	interviewed	D1	to	explore	his	
understanding	of	this	problem.	To	further	explore	
D1's	understanding	of	the	problem,	the	researcher	
conducted	 an	 interview.	D1	 explained	 that	when	
first	reading	the	problem,	the	initial	idea	that	came	
to	mind	was	to	draw	a	rectangle	and	divide	it	into	
six	 plane	 shapes.	 When	 asked	 about	 the	 actual	
question	 being	 posed,	 D1	 stated	 that	 the	 task	
required	 calculating	 the	 area	 and	 sketching	 the	
mosaic.	 After	 being	 prompted	 to	 review	 the	
problem	 once	 more,	 D1	 identified	 the	 specific	
requirements	 of	 the	 task,	 namely	 that	 each	

geometric	shape	must	have	a	different	shape	and	
area	and	that	all	shapes	must	completely	cover	the	
rectangle	without	leaving	any	gaps	or	overlaps.	
This	 demonstrates	 that	 D1	 can	 understand	
problems	 directly	 and	 in	 a	 structured	 manner,	
consistent	with	the	characteristics	of	the	directive	
style.	 D1	 not	 only	 identified	 explicit	 information	
but	also	grasped	the	key	constraints.	The	resulting	
verbal	 representation	 reflects	 a	 good	 initial	
conceptual	 understanding,	 although	 it	 remains	
procedural.	 This	 process	 is	 supported	 by	 a	
directive	 style,	 which	 is	 the	 tendency	 to	 identify	
information	quickly	and	directly	to	the	core	of	the	
problem.	
Devising	a	Plan	
In	the	planning	stage,	D1	represents	a	rectangle	in	
a	 pictorial	 representation	 shown	 in	 Figure	 3.	 D1	
draws	a	rectangle	as	a	basic	shape	with	its	length	
pointing	to	the	side,	then	divides	the	rectangle	into	
six	 different	 geometric	 shapes,	 starting	 from	 the	
simplest	 shapes,	 such	 as	 rectangles	 and	 squares,	
then	continuing	to	other	shapes,	such	as	triangles	
and	trapezoids.	D1	produces	three	solutions	with	
different	arrangements.	
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Figure	3:	Visual	Representation	of	D1	in	Solution	1	

	

For	 the	 first	 solution	 in	 Figure	 3,	 D1	 draws	 a	
rectangle	with	a	length	of	20	cm	to	the	side	and	a	
width	 of	 12	 cm	 to	 the	 side.	 The	 first	 shape	 is	 a	
rectangle	on	the	left	side	with	a	length	of	12	cm	and	
a	width	of	5	cm.	The	second	shape	is	a	square	with	
a	 side	 length	of	5	 cm.	The	 third	 shape	 is	 a	 right-
angled	trapezoid	at	the	bottom	right	with	a	length	
of	10	cm	for	the	bottom	side,	5	cm	for	the	top	side	
and	5	 cm	 for	 the	 height.	 For	 the	 first	 solution	 in	
Figure	3,	D1	draws	a	rectangle	with	a	length	of	20	
cm	to	the	side	and	a	width	of	12	cm	to	the	side,	the	
first	 shape	 is	 a	 rectangle	 on	 the	 left	 side	 with	 a	
length	of	12	cm	and	a	width	of	5	cm.	next	to	it	is	the	
second	shape	which	is	a	square	with	a	side	length	
of	 5	 cm,	 the	 third	 shape	which	 is	 a	 right-angled	
trapezoid	at	 the	bottom	right	with	a	 length	of	10	
cm	for	the	bottom	side,	5	cm	for	the	top	side	and	5	
cm	for	the	height.	On	the	far-right	side,	there	is	a	
fourth	shape,	an	isosceles	triangle	with	a	base	of	5	
and	a	height	of	12	cm.	At	the	top	center,	there	is	a	

fifth	shape,	an	isosceles	trapezoid	with	a	top	side	of	
15	cm,	a	bottom	side	of	5	cm	and	a	height	of	7	cm	
and	the	sixth	shape,	a	right-angled	triangle	at	the	
top	left	with	a	base	of	5	cm	and	a	height	of	7	cm.	
For	 the	 second	 solution	 in	 Figure	 4,	 D1	 draws	 a	
rectangle	 with	 a	 length	 of	 20	 cm	 pointing	
downwards	and	a	width	of	12	cm.	The	first	figure	
is	a	rectangle	at	the	bottom	with	a	length	of	12	cm	
and	a	height	of	5	cm.	Above	it	is	the	second	figure,	
a	square	with	a	side	length	of	6	cm.	On	the	bottom	
right	side	is	the	third	figure,	a	right	triangle	with	a	
base	 of	 6	 cm	 and	 a	 height	 of	 6	 cm.	 Above	 the	
triangle	 is	 the	 fourth	 figure,	 an	arbitrary	 triangle	
with	a	height	of	15	cm	and	a	base	of	6	cm.	The	fifth	
figure,	a	parallelogram	with	a	base	of	3	cm	and	a	
height	of	9	cm,	is	on	the	top	left.	The	sixth	figure,	a	
right	trapezoid	at	the	top	right,	has	a	top	side	of	9	
cm,	a	bottom	side	of	3	cm	and	a	height	 following	
the	height	of	the	top,	which	is	9	cm.	

	

	
Figure	4:	Visual	Representation	of	D1	in	Solution	2	
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Figure	5:	Visual	Representation	of	D1	in	Solution	3	

	

For	 the	 third	 solution	 in	 Figure	 5,	 D1	 draws	 a	
rectangle	with	a	length	of	20	cm	and	a	width	of	12	
cm.	At	the	top	was	the	first	shape,	a	rectangle	with	
a	length	of	12	cm	and	a	width	of	2	cm.	Next	to	it	was	
the	second	shape,	a	square	with	a	side	length	of	10	
cm.	The	third	shape,	a	right-angled	trapezoid,	is	at	
the	bottom	right	with	a	bottom	side	length	of	2	cm,	
a	 top	 side	 length	of	 5	 cm	and	 a	height	 of	 10	 cm.	
After	 that,	 there	 is	 the	 fourth	 shape,	 a	
parallelogram	with	a	base	of	2	cm	and	a	height	of	
10	cm.	Next	to	it	is	the	fifth	shape,	a	triangle	with	a	
base	side	of	6	cm	and	a	height	of	10	cm.	The	sixth	
shape,	a	right-angled	triangle,	is	on	the	far	left,	with	
a	base	of	3	cm	and	a	height	of	10	cm.	
The	researcher	interviewed	D1	to	explore	how	he	
devised	 a	 plan	 to	 solve	 the	 problem.	 The	
researcher	 interviewed	 D1	 to	 explore	 how	 he	
devised	 a	 plan	 to	 solve	 the	 problem.	 During	 the	
interview,	D1	explained	that	the	process	began	by	
drawing	a	large	rectangle.	He	then	created	another	
rectangle	 on	 the	 left	 side	 and	 divided	 the	

remaining	 area	 into	 five	 additional	plane	 shapes,	
starting	 with	 a	 simple	 shape	 such	 as	 a	 square.	
When	asked	why	the	second	shape	was	a	square,	
D1	 stated	 that	 he	 preferred	 to	 begin	 with	 the	
simplest	shape	and	then	proceed	to	other	shapes,	
including	 a	 right-angled	 trapezoid	 and	 a	
parallelogram.	
This	 strategy	 demonstrates	 D1's	 practical	 and	
efficient	approach,	a	hallmark	of	the	directive	style,	
beginning	 with	 familiar	 shapes	 to	 simplify	 the	
process.	This	stage	demonstrated	fluency	through	
the	 large	 number	 of	 solution	 ideas	 generated	
(three	 variations).	 Furthermore,	 flexibility	 is	
evident	in	the	changes	in	the	orientation	and	shape	
combinations	within	each	solution.	However,	D1's	
flexibility	 remains	 at	 the	 level	 of	 structural	
modification,	not	a	change	in	conceptual	approach,	
as	 evidenced	by	 the	 strategy	of	 starting	with	 the	
simplest	 and	most	 familiar	 shapes	 for	 efficiency.	
Table	2	describes	the	solution	forms	and	strategies	
used	by	D1	in	solving	the	problem.	

	

Table	2:	Solutions	and	Strategies	
Solutions	 Description	of	the	Strategy	 Strategy	Categories	

I	 The	rectangle	is	divided	into	several	sub-geometrical	shapes,	such	as	
rectangles,	squares,	right	triangles,	isosceles	triangles,	parallelograms	and	
trapezoids.	

Spatial	Visualisation	

II	 Area	Calculation	Using	the	Length	×	Width	Formula,	including	the	area	
calculation	for	other	square-shaped	figures.	

Numerical	Calculation	

III	 A	new	combination	of	geometric	shape	divisions	is	generated.	 Shape	Reorganisation	
	

Carrying	Out	the	Plan	
In	 the	 implementation	 stage,	 D1	 applies	 the	
formula	 for	 the	 area	 of	 a	 flat	 shape	procedurally	
and	 adds	 up	 the	 area	 of	 all	 shapes	 inside	 the	
rectangle	to	adjust	 it	 to	the	area	of	 the	rectangle.	
D1	contains	the	variable	symbols	p,	l,	s,	a,	b	and	t,	

which	 each	 represent	 length,	 width,	 side,	 upper	
base,	lower	base	and	height.	D1	calculates	the	area	
of	each	shape	using	the	appropriate	formula.	The	
implementation	 of	 the	 problem-solving	 plan	 is	
represented	algebraically,	as	shown	in	Figure	6.	
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Figure	6	shows	the	algebraic	representation	of	D1	
in	 Solution	 1.	 D1	 writes	 down	 what	 is	 already	
known	 from	 the	 problem	 and	 provides	 general	
geometric	area	formulae	(L).	The	first	section	was	
a	rectangle	with	a	length	of	12	cm	and	a	width	of	5	
cm.	 The	 area	 was	 calculated	 using	 the	 formula	
length	 ×	 width,	 resulting	 in	 60	 cm².	 The	 second	
section	was	a	square	with	a	side	length	of	5	cm.	The	
area	was	calculated	using	the	formula	side	×	side,	
resulting	in	25	cm².	The	third	section	was	a	right-
angled	 trapezoid	with	parallel	 sides	measuring	5	
and	 10	 cm	 and	 a	 height	 of	 5	 cm.	 The	 area	 was	
calculated	 using	 the	 formula	 ½	 ×	 (number	 of	
parallel	sides)	×	height,	resulting	in	37.5	cm².	The	
fourth	section	was	an	isosceles	triangle	with	a	base	
of	 12	 cm	 and	 a	 height	 of	 5	 cm.	 The	 area	 was	
calculated	 using	 the	 formula	½	 ×	 base	 ×	 height,	
resulting	 in	 30	 cm².	 The	 fifth	 section	 was	 an	
isosceles	trapezoid	with	parallel	sides	measuring	5	

and	15	cm	and	a	height	of	7	cm.	Using	the	formula	
for	 the	 area	 of	 a	 trapezoid,	 the	 result	 is	 70	 cm².	
Finally,	the	sixth	section	was	a	right	triangle	with	a	
base	of	5	cm	and	a	height	of	7	cm.	The	area	was	
calculated	 using	 the	 formula	½	 ×	 base	 ×	 height,	
resulting	in	17.5	cm².	
Solutions	2	and	3	were	like	the	first	solution.	This	
stage	 demonstrated	 that	 D1	 possessed	 strong	
procedural	 abilities,	 consistent	with	 his	 directive	
character,	which	prioritizes	precision.	The	ability	
to	 quickly	 correct	 errors	 demonstrates	 a	 good	
cognitive	control.	However,	the	strategies	used	are	
still	 conventional	 in	 nature.	 This	 stage	
demonstrated	strong	elaboration,	as	D1	was	able	
to	 explain	 the	 calculation	 steps	 in	 detail	 and	
systematically.	 However,	 the	 originality	 aspect	
remains	 limited	 because	 the	 strategies	 used	 are	
procedural	and	general.	

	

	
Figure	6:	Algebraic	Representation	of	D1	in	Solution	I	

	

	
Figure	7:	D1's	Answer	in	Rechecking	Solution	1	

	

Looking	Back	
The	re-examination	stage	of	D1's	problem-solving	
process	did	not	 involve	 a	 spontaneous,	 thorough	
inspection,	but	rather	after	being	asked	to	do	so.	He	
added	up	the	entire	area	of	the	shape	to	ensure	it	
matched	 the	 total	 area	 of	 240		𝑐𝑚!,	 as	 seen	 in	
Figure	7.	
Figure	7	shows	D1	rechecking	the	area	of	rectangle	
(L)	by	adding	the	areas	of	each	plane	figure,	namely	

60	+	25	+	37.5	+	30	+	70	+	17.5.	The	addition	was	
performed	in	stages,	namely	85	+	55	+	100	=	240	
cm².	Figure	7	shows	 further	elaboration,	namely,	
the	ability	 to	verify	 the	 results	by	 comparing	 the	
total	areas.		
However,	 the	 reflection	 process	 remains	
unsystematic	and	not	independent,	so	the	creative	
aspect	 at	 this	 stage	 has	 not	 developed	 optimally	
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yet.	This	indicates	that	D1's	reflection	process	was	
still	 reactive	 and	 not	 self-initiated.	 His	 directive	
style	 tends	 to	 focus	 on	 quick	 completion,	 so	 the	

evaluation	 stage	 receives	 less	 attention	 than	 it	
should.	 Nevertheless,	 S1	 can	 still	 be	 verified	
correctly	when	directed.	

	

Table	3:	Brief	Evidence	of	Subject	D1	
Indicator	 Brief	Evidence	 Assessment	
Fluency	 Three	different	solutions	were	generated:	A	(spatial	visualization	and	shape	

division),	B	(area	calculation	using	formulas)	and	C	
(repartition/recombination	of	shapes).	

High	

Flexibility	 Switching	strategies	and	representations:	shape	orientation,	rotation,	
adaptation	of	parallelogram	selection	for	the	remaining	space,	layered	
decomposition.	

Medium	

Originality	 A	combination	of	shapes	and	unique	orientations	in	each	solution,	without	
repeating	division	patterns;	shape	set	variation	(square,	triangle,	trapezoid	
and	parallelogram).	

Low	
	

Elaboration	 Detailed	procedure	description,	total	area	verification	and	consistent	think-
aloud/interview	process.	

High	
(justification)	

	

	
Figure	8:	CT	Process	of	D1	

Overall,	 the	CT	D1	process	with	the	DDM	style	at	
the	 problem-solving	 stage	 and	 CT	 aspects	 shows	
that	 fluency	 appears	 dominant	 at	 the	 problem	

understanding	 and	 planning	 stage,	 characterized	
by	 the	ability	 to	produce	 three	 solutions	quickly,	
but	tends	to	be	the	same.	Flexibility	is	observed	at	
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the	 planning	 stage	 through	 limited	 variations	 in	
strategies	 regarding	 the	 arrangement	 and	
orientation	 of	 buildings	 and	 the	 use	 of	 more	
general	 approaches.	 Originality	 is	 observed	
because	of	the	variety	of	shapes	and	arrangements.	
However,	the	ideas	used	are	still	based	on	general	
concepts	 commonly	 used	 in	 geometry	 because	
they	prioritize	certainty	over	novelty.	Elaboration	
appears	 strong	 at	 the	 implementation	 and	
verification	stages	through	detailed	and	systematic	
descriptions	of	steps,	but	is	still	procedural.	
The	 DDM	 style	 fosters	 efficient,	 structured	 and	
results-oriented	 CT,	 with	 strengths	 in	 ideational	
fluency	and	procedural	elaboration.	However,	this	
style	also	 limits	broader	 idea	exploration	and	 in-
depth	 reflection,	 resulting	 in	 the	 under-
development	 of	 flexibility	 and	 originality.	 D1	
demonstrates	 that	 the	 directive	 style	 supports	 a	
rapid	and	systematic	problem-solving	process	and	
can	 generate	 multiple	 valid	 solutions.	 However,	
the	 resulting	 creativity	 tends	 to	 be	 adaptive.	 A	
concise	comparison	of	the	four	indicators	for	D1	is	
presented	 in	 Table	 3	 and	 the	 directive	 thinking	
process	flow	is	shown	in	Figure	8.	
	

Discussion	
Subjects	 with	 a	 DDM	 style	 demonstrate	 an	
efficient,	 systematic	 CT	 process	 oriented	 toward	
accuracy	 and	 speed	 of	 solution.	 In	 this	 context,	
mathematical	 creativity	 is	not	 always	manifested	
through	 a	 broad	 exploration	 of	 ideas	 but	 also	
through	 precise	 and	 controlled	 strategic	
management.	These	 findings	reinforce	 the	notion	
that	creativity	 is	contextual	and	 influenced	by	an	
individual's	 cognitive	 style,	with	 a	directive	 style	
emphasizing	efficiency,	decisiveness	and	the	use	of	
validated	procedures	(32).	
At	 the	problem	understanding	stage,	 the	subjects	
demonstrated	the	dominance	of	fluency,	flexibility	
and	expansion	as	the	initial	foundation	of	CT.	The	
ability	 to	 identify	 information	 quickly	 and	
completely	reflects	high	fluency,	which	contributes	
to	 successful	 strategy	 development	 (33).	 In	
addition,	 the	 ability	 to	 interpret	 problem	
constraints	 into	 operational	 forms	 indicates	
cognitive	 flexibility,	 which	 is	 important	 in	
mathematical	 creativity	 (34,	 35).	 Information-
organizing	activities	also	demonstrate	 the	role	of	
expansion	 as	 an	 initial	 structure	 for	 reducing	
ambiguity	(36).	

In	 the	 planning	 stage,	 the	 four	 components	 of	
creativity	 emerge	 in	 a	 more	 integrated	 way.	
Subjects	can	generate	several	alternative	solutions	
(fluency),	adapt	strategies	(flexibility)	and	develop	
ideas	through	gradual	modifications	(incremental	
originality)	 (37).	 Expansion	 is	 apparent	 through	
the	preparation	of	detailed	 steps	as	 the	basis	 for	
strategy	 implementation	 (38,	 39).	 Meanwhile,	 in	
the	 implementation	 and	 examination	 stages,	
creativity	 tends	 to	 shift	 towards	 proceduralism,	
with	 fluency	 and	 flexibility	 dominating	 in	
maintaining	accuracy	and	correcting	errors,	while	
originality	 is	 relatively	 limited	 due	 to	 following	
standard	procedures	(40).	
Overall,	 mathematical	 creativity	 in	 the	 directive	
style	 can	 be	 categorized	 as	 controlled	 creativity	
(41),	which	 is	 a	 combination	 of	 fluency	 of	 ideas,	
adaptive	 flexibility,	 systematic	 elaboration	 and	
incremental	novelty	(42).	This	pattern	shows	that	
creativity	does	not	 always	develop	 in	 a	 balanced	
manner	 but	 is	 influenced	 by	 the	 individual's	
cognitive	style	(43).	Therefore,	the	directive	style	
can	 be	 understood	 as	 a	 form	 of	 "Directed	
Mathematical	 Creativity"	 that	 is	 oriented	
towards	efficiency,	accuracy	and	cognitive	control	
in	solving	mathematical	problems.	However,	while	
DDM	 supports	 efficiency	 and	 rapid	 DM,	 these	
characteristics	 can	 be	 both	 strengths	 and	
limitations,	 being	 effective	 for	 time-constrained	
tasks	 but	 inhibiting	 deeper	 and	 more	 creative	
exploration.	 These	 findings	 align	 with	 previous	
research	 showing	 that	 rational,	 structured,	 or	
directive	 thinking	 styles	 contribute	 to	 certain	
creative	 performances	 but	 do	 not	 necessarily	
support	all	aspects	of	divergent	thinking.	
	

Conclusion	
Subjects	with	a	DM	style	tend	to	display	systematic,	
structured	 work	 patterns	 and	 are	 oriented	
towards	accuracy	and	speed	of	completion.	At	the	
problem-understanding	 stage,	 this	 style	 is	 strong	
in	fluency	because	it	can	repeat	the	requirements	
completely,	 accompanied	 by	 flexibility	 when	
clarifying	 the	meaning	of	 the	 constraint	 "without	
gaps	and	overlaps"	 as	 a	prerequisite	 for	dividing	
areas.	At	the	planning	stage,	directives	also	show	
strong	elaboration	through	detailed	and	sequential	
plan	sketches,	whereas	originality	tends	to	emerge	
through	modifications.	At	the	implementation	and	
re-examination	stages,	directives	maintain	fluency	
and	flexibility	when	errors	occur,	but	originality	is	
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relatively	lower	because	the	calculation	execution	
follows	 standard	 procedures.	 Overall,	 directives	
are	effective	in	producing	valid	and	neat	solutions,	
but	the	development	of	creativity	can	be	directed	
towards	 expanding	 the	 space	 for	 exploring	more	
authentic	and	legitimate	ideas.	
Implications	for	Mathematics	Learning	
	Teachers	 can	 foster	 creativity	 in	 students	 using	
the	 DDM	 style	 by	 encouraging	 various	 problem-
solving	 alternatives,	 using	 open-ended	 problems	
and	providing	stimuli	that	challenge	their	thinking	
patterns.	 Furthermore,	 future	 research	 should	
compare	 DDM	 with	 other	 DM	 styles	 and	 use	 a	
mixed-methods	approach	to	examine	the	quantita-
tive	relationship	between	DDM	and	CT.	
Limitations	
This	study	had	several	 limitations	 that	should	be	
considered	when	interpreting	the	results.	First,	the	
number	of	research	subjects	was	limited.	Second,	
the	research	context,	which	is	limited	to	geometric	
mosaics,	 makes	 the	 results	 not	 necessarily	
applicable	 to	 other	 mathematics	 topics	 with	
varying	levels	of	complexity.		
Recommendations	
Based	 on	 these	 limitations,	 several	 recommen-
dations	can	be	proposed	for	future	research.	First,	
it	is	important	for	subsequent	studies	to	involve	a	
larger	 number	 of	 participants	with	more	 diverse	
backgrounds	 to	 obtain	 a	 more	 comprehensive	
understanding	 of	 students'	 problem-solving	
abilities.	Second,	the	application	of	mixed-methods	
approaches	is	suggested	to	enhance	the	depth	and	
validity	 of	 research	 findings,	 as	 such	 approaches	
allow	for	a	more	holistic	integration	of	quantitative	
and	 qualitative	 data.	 Third,	 future	 research	 may	
explore	 different	 mathematical	 topics	 or	 varied	
learning	 contexts	 to	 examine	 the	 consistency	 of	
students'	thinking	patterns	in	problem-solving.	By	
addressing	these	recommendations,	future	studies	
are	expected	 to	provide	broader	contributions	 to	
the	 understanding	 and	 development	 of	 students'	
mathematical	problem-solving	abilities.	
	

Abbreviations	
CT:	Creative	Thinking,	D1:	Subject	Directive,	DDM:	
Directive	 Decision-Making,	 DM:	 Decision-Making,	
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