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	 In	the	21st	century,	education	demands	students	to	master	essential	
skills	 like	 problem-solving	 and	 creative	 thinking.	 However,	 some	
studies	show	that	Indonesian	students,	especially	in	biotechnology,	
still	struggle	with	these	skills.	This	highlights	the	need	for	effective	
teaching	 materials,	 such	 as	 SSI-based	 modules	 to	 help	 students	
improve	their	skills.	This	study	aimed	to	develop	a	feasible	module-
based	SSI	on	biotechnology,	 improve	problem-solving	and	creative	
thinking	skills,	and	evaluate	students'	responses	to	the	module-based	
SSI	on	biotechnology.	The	module	was	developed	using	the	4D	model	
(Define,	Design,	Develop,	and	Disseminate).	The	sample	for	this	study	
was	 60	 students	 in	 11th	 Grade	 Science	 Class	 from	 MAN	
Pematangsiantar.	 The	 research	 findings	 were	 as	 follows:	 1)	 The	
module	 feasibility	 categorized	 as	 “excellent”	 in	 both	media	 design		
and	 language,	 while	 model	 content	 categorized	 as	 “good”	 2)	 The	
result	of	N-gain	for	problem-solving	was	0.61	(medium)	and	creative	
thinking	 was	 0.73	 (high).	 3)	 Students'	 responses	 to	 the	 module	
categorized	as	“excellent”.	Based	on	these	results,	the	module	based-
SSI	on	biotechnology	is	considered	highly	feasible	and	can	be	used	as	
a	 learning	 material	 that	 enhances	 problem-solving	 and	 creative	
thinking	skills.	
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INTRODUCTION	
The	21st	 	 century	has	been	marked	by	significant	 transformations	 in	numerous	aspects	of	 life,	

including	education.	In	this	era,	education	is	not	only	focused	on	academic	knowledge	but	also	requires	
students	 to	develop	 the	necessary	skills	 to	 face	complex	challenges.	According	 to	Care	et	al.	 (2017),	
problem-solving	 and	 creative	 thinking	 are	 essential	 for	 navigating	 the	 complexities	 of	 modern	 life,	
making	 these	 skills	 crucial	 for	 success.	 Creative	 thinking,	 as	 emphasized	 by	 the	 Organization	 for	
Economic	 Cooperation	 and	 Development	 (OECD),	 is	 one	 of	 the	most	 important	 skills	 young	 adults	
should	 acquire	 in	 21st-century	 societies	 (Bouckaert,	 2023).	 Equally	 important,	 problem-solving	 is	
recognized	as	a	 core	21st-century	skill,	 requiring	students	 to	work	 in	novel	environments	 (Csapó	&	
Funke,	2017).	Together,	these	skills	prepare	individuals	to	adapt	and	thrive	in	the	face	of	rapid	changes	
in	21st	century.	

Creative	thinking	refers	to	the	skill	of	producing	unique	ideas	and	develop	innovative	solutions	
(Vincent-Lancrin	et	al.,	2019).	It	encourages	individuals	to	examine	issues	from	multiple	perspective,	
promoting	flexibility	and	adaptability.	In	addition,	problem-solving	skills	are	crucial	in	addressing	the	
various	challenges	of	this	century,	which	are	often	complex	(Luthfi	et	al.,	2019).	These	two	skills	are	
closely	interrelated,	as	creative	thinking	provides	the	foundation	for	developing	unique	approaches	to	
solving	problems,	helping	individuals	navigate	uncertainties	and	ambiguities	effectively.	These	skills	are	
not	only	essential	in	academic	life	but	also	in	making	informed	and	systematic	decisions	in	everyday	life	
(Novitasari	et	al.,	2015).	By	promoting	creative	problem-solving,	individuals	can	better	contribute	to	
both	professional	environments	and	personal	growth,	addressing	modern	challenges	with	innovation	
and	resourcefulness.	

The	importance	of	creative	thinking	and	problem-solving	skills	in	Indonesia	remains	a	significant	
challenge,	 particularly	 in	 the	 context	 of	 biology	 education.	 Research	 conducted	 Sari	 et	 al.	 (2023)	
revealed	 that	 the	creative	 thinking	skills	of	students	 in	grades	X,	XI,	and	XII	at	Senior	High	School	2	
Lambandia	 in	biology	are	 still	 lacking.	Fatmawati	 (2016)	 found	 that	 students	exposed	 to	 traditional	
teaching	methods	 demonstrated	 low	 levels	 of	 creativity	 in	 biotechnology	 topics.	 Students'	 creative	
thinking	skills	in	learning	biology	were	still	low	across	all	indicators	of	creative	thinking	and	categorized	
as	 uncreative,	 particularly	 in	 detailing,	 producing	 innovations,	 and	 troubleshooting	 problems	 using	
various	 approaches	 (Handayani	 et	 al.,	 2021).	 This	 issue	 extends	 to	 problem-solving	 skills	 as	 well.	
Problem-solving	abilities	in	biology	among	students	at	SMAN	Surakarta,	Indonesia,	are	categorized	as	
low,	while	in	nine	Senior	High	Schools	in	Sleman,	these	skills	are	at	a	medium	level	(Cahaya	et	al.,	2018;	
Ayunda	et	 al.,	 2024).	These	 findings	 emphasize	 the	need	 for	 innovative	 teaching	 strategies	 that	 can	
enhance	both	creative	thinking	and	problem-solving	skills	in	biology	education.		

Improving	creative	thinking	and	problem-solving	skills	requires	relevant	teaching	strategies	that	
meet	21st-century	needs.	One	approach	that	has	proven	effective	is	Socio-Scientific	Issues	(SSI).	This	
method	 encourages	 students	 to	 examine	 and	 discuss	 real-world	 scientific	 issues,	 fostering	 the	
enhancement	of	critical	and	creative	thinking	skills	(Sadler,	Romine,	et	al.,	2016).	SSI-based	modules	
also	 offer	 opportunities	 for	 students	 to	 practice	 collaboration,	 communication,	 and	problem-solving	
skills	(Susilawati	et	al.,	2021).	SSI	helps	students	engage	with	real-world	scientific	 issues,	enhancing	
their	 comprehension	 of	 scientific	 concepts	 (Sadler	 et	 al.,	 2016).	 Research	 shows	 that	 SSI-integrated	
materials	foster	critical	thinking	and	problem-solving	skills	(Hastuti	et	al.,	2013;	Sa’adah	et	al.,	2022).	
SSI	 topics	 integrated	 into	 modules	 must	 be	 contemporary,	 controversial,	 and	 relevant	 to	 students,	
related	to	scientific	content,	and	promote	open	discussion	(Hancock	et	al.,	2019).	Biotechnology	is	one	
subject	that	easily	incorporates	SSI,	especially	in	topics	like	genetic	engineering,	GMOs,	vaccines,	stem	
cells,		and	cloning	(Sadler,	Romine,	et	al.,	2016)	Sotério	et	al.,	2023;	Arslan	&	Durak,	2024).	

Several	studies	have	explored	the	development	of	socio-scientific	issues	(SSI)-based	modules	to	
enhance	various	21st-century	skills	in	students.	Research	by	Pursitasari	et	al.	(2022)	developed	an	SSI-
based	module	on	biotechnology	topics	to	improve	creative	thinking	skills	in	junior	high	school	students.	
Another	study	focused	on	the	immune	system,	where	an	SSI-based	e-module	was	created	to	enhance	
scientific	literacy	skills	in	senior	high	school	students	(Dalaila	et	al.,	2022).	Additionally,		Febriana	et	al.	
(2023)	 developed	 an	 SSI-based	 e-module	 on	 the	 theme	 of	 "Food	 Loss	 and	 Food	 Waste,"	 which	
successfully	 fostered	 critical	 thinking	 skills	 in	middle	 school	 students.	 Although	 these	 studies	 have	
proven	effective	in	enhancing	various	student	skills,	several	gaps	remain.	Most	notably,	previous	studies	
have	 primarily	 focused	 on	 developing	 individual	 skills,	 such	 as	 general	 scientific	 literacy,	 creative	
thinking,	 or	 critical	 thinking,	 without	 combining	 creative	 thinking	 and	 problem-solving	 skills	 in	 an	
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integrated	approach.	Moreover,	studies	specifically	targeting	creative	thinking	and	problem-solving	in	
the	context	of	biotechnology	at	the	senior	high	school	level	are	limited,	with	existing	research	focusing	
primarily	on	junior	high	school	contexts.	Additionally,	this	module	emphasizes	socio-scientific	issues	
that	 are	 not	 only	 relevant	 to	 local	 and	 regional	 contexts	 but	 also	 incorporate	 national	 and	 global	
perspectives,	enabling	students	to	understand	and	address	real-world	problems	effectively.	

This	 research	 aims	 to	 develop	 an	 SSI-based	 module	 on	 biotechnology	 to	 improve	 students’	
creative	thinking	and	problem-solving	skills.	The	results	of	this	study	are	expected	to	contribute	to	the	
development	 of	 teaching	materials	 that	 support	 21st-century	 learning	 and	 serve	 as	 a	 reference	 for	
future	research	in	the	field	of	SSI-based	module	development.	

	
METHODS	
Research	Design	

This	 study	 employed	 a	 Research	 and	 Development	 (R&D)	 approach,	 following	 the	 4D	
development	model	 proposed	by	Thiagarajan	 et	 al.	 (1976)	 that	 includes	 four	 stages:	 define,	 design,	
develop,	and	disseminate.	During	the	dissemination	stage,	a	pre-test	and	post-test	will	be	conducted	to	
measure	the	improvement	in	students'	creative	thinking	and	problem-solving	abilities	using	a	quasi-
experimental	design	with	a	non-equivalent	control	group,	as	seen	in	Table	1.		
	
Table	1	
Quasi-Experimental		Non-Equivalent	Control	Group	Design.	
Group	 Pre-test	 Treatment	 Post-test	
Grup	A	(Experiment)	 O1	 X1	 O2	
Grup	B		(Control)	 O1	 X2	 O2	

(Creswell,	2014)	
Description:	
O1:	Pre-test	of	students'	creative	thinking	and	problem-solving	skills	
X1:	Treatment	using	SSI-based	learning	module	
X2:	Treatment	using	the	standard	books	used	in	school	
O2:	Post-test	of	students'	creative	thinking	and	problem-solving	skills	
	
Participants	

The	participants	of	this	research	consist	of	11th-grade	science	students	at	MAN	Pematangsiantar,	
including	 two	 classes:	 11th	 Grade	 Science	 Class	 2	 and	11th	 Grade	 Science	 Class	 3,	with	 a	 total	 of	 60	
students.	The	participants	were	selected	using	purposive	sampling,	which	means	that	the	sample	was	
chosen	based	on	specific	considerations	relevant	to	the	study.	This	approach	ensures	that	the	sample	
meets	the	minimum	required	number	of	participants	for	the	research.	

	
Instrument	

The	assessment	instruments	developed	in	this	research	include	an	instrument	for	evaluating	the	
feasibility	and	quality	of	the	module,	adapted	from	the	teaching	material	quality	assessment	developed	
by	the	Badan	Standar	Nasional	Pendidikan	(BSNP),	and	an	instrument	to	measure	students'	responses	
to	 the	 use	 of	 the	module.	 In	 addition	 to	 the	module	 evaluation	 instrument,	 there	 are	 also	 creative	
thinking	and	problem-solving	questions,	which	are	developed	based	on	indicators	of	creative	thinking	
(Table	2)	and	problem-solving	skills	(Table	3)		.			

To	measure	creative	thinking	skill,	a	set	of	indicators	has	been	established	to	accurately	determine	
the	 level	 of	 creative	 thinking	 manifested	 by	 each	 individual.	 Guilford	 (1956)	 identified	 that	 the	
indicators	 structuring	 creative	 thinking	 include	 fluency,	 flexibility,	 originality,	 and	 elaboration.	 The	
detailed	 explanations	 of	 these	 indicators,	 as	 presented	 in	 Table	 2,	 are	 derived	 from	 the	 research	
conducted,	Trisnayanti	et	al.	(2020)	which	examines	creative	thinking	skills	in	educational	settings.	
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Table	2	
Indicator	of	Creative	Thinking	Skill’s	Test.	
Indicator	 Description	
Fluency	 Generating	many	ideas	or	responses		
Flexibility	 Viewing	things	from	different	perspectives	
Originality	 Creating	new	and	unique	ideas	that	are	uncommon	or	rare	
Elaboration	 Adding	details	or	expanding	on	an	idea	to	make	it	richer,	more	interesting,	and	

more	complete.	
(Guilford,	1956;	Trisnayanti	et	al.,	2020)	

	
The	problem-solving	indicators	for	the	problem-solving	questions	in	this	study	are	derived	from	

indicators	modified	from	Cahaya	et	al.	(2018),	which	include	adjustments	to	the	existing	indicators	as	
well	as	the	addition	of	new	elements,	as	shown	in	Table	3.	

	
Table	3	
Indicator	of	Problem	Solving	Skill’s	Test.	
No	 Problem	Solving	Stages	 Indicator	
1	 Identifying	the	Problem	 Gather	relevant	facts	about	the	issue	
	 	 classify	it	within	a	specific	concept	or	category	
2	 Examining	the	Problem	 Investigate	the	root	causes	of	the	issue	
	 	 Explore	the	cause-and-effect	relationships	
3	 Planning	a	Solution	 Create	a	problem-solving	strategy	based	on	the	root	cause	
	 	 Outline	the	sub-problems	and	corresponding	sub-solutions	
4	 Implementing	the	Plan	 Organize	the	steps	needed	to	execute	the	solution	according	to	

the	plan	
5	 Evaluation	 Assess	the	effectiveness	and	feasibility	of	the	proposed	solution	

(Cahaya	et	al.,	2018)	
Procedure	

This	 research	 comprises	 four	 primary	 stages:	 define,	 design,	 develop,	 and	 disseminate.	 In	 the	
Define	stage,	 several	key	analyses	are	conducted,	 including	 front-end	analysis,	 learner	analysis,	 task	
analysis,	 concept	 analysis,	 and	 the	 specification	 of	 instructional	 objectives.	 The	 front-end	 analysis	
highlights	 that	 teachers	have	 limited	knowledge	and	experience	 in	using	socio-scientific	 issue-based	
(SSI)	teaching	materials.	In	the	design	stage,	the	focus	is	on	developing	tests	and	instruments	to	assess	
the	feasibility	of	the	module	and	gather	student	feedback,	ensuring	that	the	SSI	framework	is	integrated	
at	local,	national,	and	global	levels.	The	module	structure	is	determined,	including	components	such	as	
a	cover,	table	of	contents,	concept	maps,	learning	objectives,	SSI-based	activities,	and	evaluations.	Initial	
drafts	of	the	module	are	developed	using	software	tools	such	as	Canva	Pro	and	MS	Word,	after	which	
they	undergo	reviews	by	experts	and	subsequent	revisions.	The	development	stage	involves	validation	
by	experts	in	content,	media,	and	language,	whose	feedback	guides	further	revisions.	Then,	the	module	
undergoes	developmental	testing	in	10	students	to	gauge	responses	and	refine	the	module	accordingly.	
The	 dissemination	 stage	 involved	 implementing	 the	 module	 on	 a	 larger	 scale	 to	 validate	 its	
effectiveness.	 The	 module	 was	 tested	 on	 30	 students	 in	 classes:	 11th	 Grade	 Science	 Class	 2	 as	 an	
experiment	group,	where	they	completed	a	pre-test	before	using	the	module	and	a	post-test	afterward,	
along	with	a	response	questionnaire.	The	pre-test	and	post-test	were	implemented	in	the	control	group.	
	
Data	Analysis	Techniques	
Analysis	Techniques	of	Module	Validation	Data	

The	 developed	 module	 must	 undergo	 a	 validation	 process	 by	 subject	 matter	 experts,	 media	
experts,	 and	 language	 experts.	 The	 scoring	 system	 for	 evaluating	 the	 module's	 quality	 has	 been	
predefined	Each	aspect	of	the	module	is	rated	based	on	its	level	of	appropriateness,	with	scores	assigned	
as	 follows:	 5	 for	 "Very	 Appropriate,"	 4	 for	 "Appropriate,"	 3	 for	 "Less	 Appropriate,"	 2	 for	 "Fairly	
Appropriate,"	 and	 1	 for	 "Not	 Appropriate."	 This	 system	 ensures	 a	 structured	 and	 comprehensive	
evaluation	of	the	module's	content,	design,	and	language	(Riduwan,	2015).	The	results	of	the	module	
quality	score	are	classified	into	five	categories	as	Table	4.	
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Table	4	
Percentage	Categories	of	Module	Quality.	
No.	 Percentage	Interval	 Category	
1	 <	20%	 Poor	
2	 21%	-	40%	 Below	Average	
3	 41%	-	60%	 Adequate	
4	 61%	-	80%	 Good	
5	 81%	-	100%	 Excellent	

(Arikunto,	2021)	
Analysis	Techniques	of	Student	Response	

The	collected	data,	in	the	form	of	numerical	values,	were	then	categorized	based	on	percentage	
intervals	to	analyze	student	responses.	Scores	below	20%	were	categorized	as	"Poor",	21%	to	40%	as	
"Below	Average",	41%	to	60%	as	"Adequate",	61%	to	80%	as	"Good",	and	81%	to	100%	as	"Excellent"	
(Arikunto,	2021).	

	
Standard	Gain	

Standard	gain	analysis	is	used	to	determine	the	improvement	in	students'	creative	thinking	and	
problem-solving	skills	before	and	after	using	the	module.	Based	on	the	data	obtained	through	standard	
gain	analysis,	 students'	 concept	comprehension	 is	 classified	according	 to	 the	 interpretation	 listed	 in	
Table	5,	which	shows	the	standard	gain	interpretation.	

	
Table	5	
Classification	of	Normalized	Gain	(N-Gain	Score).	
No.	 Normalized	Gain	Score	 Category	
1.	 N-Gain	>	0.7	 High	
2.	 0.30	<	N-Gain	<	0.70	 Medium	
3.	 N-Gain	<	0.30	 Low	

(Hake,	1999)	
	
RESULTS	AND	DISCUSSION	

The	research	was	conducted	using	the	4D	model	(Define,	Design,	Develop,	and	Disseminate).	Each	
stage	of	the	4D	model	was	implemented	to	ensure	the	development	and	effectiveness	of	the	SSI-based	
biotechnology	module,	aimed	at	enhancing	students'	problem-solving	and	creative	thinking	skills.	

	
Define	Stage	

The	 front-end	 analysis	 reveals	 that	 biology	 teachers	 face	 several	 challenges	 in	 teaching	
biotechnology,	 including	 limited	 time	 allocation	 and	 67%	 reporting	 insufficient	 relevant	 teaching	
materials.	This	is	aligned	with	Rahmadani	et	al.	(2017),	who	state	that	one	of	the	primary	challenges	
faced	by	teachers	in	teaching	biotechnology	is	the	time	limitation.	Most	teachers	primarily	use	textbooks	
and	student	worksheets,	with	only	one	teacher	having	ever	used	a	module.	In	terms	of	their	knowledge	
of	 Socio-scientific	 Issues	 (SSI),	 67%	are	 familiar	with	 the	 concept,	 but	 none	have	 applied	 SSI-based	
modules	 in	 their	classrooms.	Additionally,	all	 respondents	recognize	 the	 importance	of	21st-century	
skills,	indicating	a	strong	interest	in	resources	that	enhance	students'	creative	thinking	and	problem-
solving	abilities.	Overall,	there	is	a	need	for	more	comprehensive	and	innovative	teaching	materials	to	
support	effective	learning.	In	learner	analysis,	preliminary	testing	revealed	the	following	Table	6.	

	
Table	6	
Percentage	of	Students'	Creative	Thinking	Skill	in	Preliminary	Test.	
No.	 Indicator	 Percentage	(%)	
1.	 Fluency	 53.00	
2.	 Flexibility	 34.00	
3.	 Originality	 36.00	
4	 Elaboration	 30.00	
	 Average	 38.,00	
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Table	7	
Percentage	of	Students'	Problem	Solving	Skill	in	Preliminary	Test.	
No.	 Indicator	 Percentage	(%)	
1.	 Identifying	Problems	 50.00	
2.	 Examining	Problems	 38.00	
3.	 Planning	Solutions	 27.00	
4	 Implementing	Plans	 39.00	
5	 Evaluation	 42.00	
	 Average	 39.00	

	
The	task	analysis	highlights	that	the	primary	tasks	outlined	in	the	module	involve	discussions	and	

exercises	cantered	on	SSI,	culminating	in	an	assessment	of	students’	critical	and	creative	thinking	skills	
through	questions	related	to	biotechnology.	The	Concept	Analysis	focuses	on	developing	content	that	
includes	conventional	and	modern	biotechnology,	the	use	of	microorganisms,	genetic	engineering,	and	
cloning,	 particularly	 emphasizing	 controversial	 topics	 such	 as	 using	 microorganisms	 and	 animal	
cloning.	The	Specifying	Instructional	Objectives	involved	curriculum	analysis	to	 identify	the	targeted	
learning	 outcomes.	 The	 curriculum	 used	 was	 the	 Merdeka	 Curriculum,	 where	 the	 analysis	 was	
conducted	by	defining	Learning	Outcomes	and	Learning	Objectives,	which	were	then	organized	into	a	
Learning	Objectives	Pathway.	In	the	Merdeka	Curriculum,	biotechnology	materials	were	placed	in	Phase	
E,	with	 the	expected	outcomes	aiming	 for	students	 to	develop	solutions	 to	problems	based	on	 local,	
national,	or	global	issues.		

	
Design	Stage	

At	the	design	stage,	researchers	develop	outlines,	write	content,	and	design	the	covers	and	module	
layout	using	CanvaPro,	which	are	then	finalized	in	PDF	format.	The	biotechnology	module	created	in	
this	 study	 incorporates	 socio-scientific	 issues	 (SSI)	 as	 a	 core	 framework,	 aiming	 to	 foster	 students'	
creative	 thinking	 and	 problem-solving	 abilities.	 The	 issues	 featured	 in	 this	 module	 are	 carefully	
designed	to	be	controversial	and	ill-structured,	relevant	to	real-world	problems,	and	integrated	with	
ethical	considerations	(Zeidler	&	Nichols,	2009;	Sadler	et	al.,	2007;		Sadler,	2004;		Zeidler,	2015).	They	
also	incorporate	social	aspects	that	require	scientific	concepts,	procedures,	or	technologies	to	inform	
decision-making	processes	with	societal	impacts	(Sadler	&	Zeidler,	2004).	By	selecting	such	issues,	the	
module	emphasizes	the	intersection	between	science	and	society,	encouraging	students	to	explore	the	
multifaceted	dimensions	of	biotechnology	challenges.	

A	key	highlight	of	the	module	is	its	unique	approach	to	presenting	issues	by	categorizing	them	
into	 three	 distinct	 contexts:	 local,	 national,	 and	 global,	 providing	 a	 comprehensive	 perspective	 for	
students	to	analyze	and	engage	with	real-world	challenges.	These	categorizations	are	further	detailed	
and	illustrated	in	Table	8,	ensuring	clarity	and	alignment	with	the	module's	objectives.		
	
Table	8	
Socio-scientific	Issues	at	Local,	National,	and	Global	Levels.	
Topic	 Issue	 Issues’	Level	
Using	 Microorganism	 in	
Biotechnology	

Bioethanol	Project	in	Merauke	 Local	
Polio	Vaccination	Rejection	 National	
Bio-plastic	Issue	 Global	

Genetic	Engineering	 Local	Protest	over	Genetically	Modified	Mosquito	Plan	in	
Florida	Keys	

Local	

The	Indonesian	Farmers	Union's	Rejection	of	GMO	
Soybean	Development	in	Indonesia	

National	

	 Heart	Transplantation	from	Genetic	Modified	Pig	 Global	
“Designer	Baby”	 Global	

Animal	Cloning	 Cloning	of	Rhesus	Monkeys	 Global	
Cloning	of	Arctic	Wolves,	an	Endangered	Species	 Global	
Pet	Cloning	in	South	Korea	 Global	
Stem	Cell	Therapy	for	Stroke	Treatment	 Global	

Local	 issues	 directly	 impact	 specific	 communities	 or	 regions,	 involving	 residents,	 local	
governments,	 and	 community	 organizations	 as	 shown	 in	 Figure	 1.	 National	 issues	 affect	 the	 entire	
country,	involving	the	central	government,	national	organizations,	and	large	as	shown	in	Figure	2.	Global	
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issues,	 on	 the	 other	 hand,	 have	 a	 broad,	 international	 impact,	 involve	 countries,	 international	
organizations,	and	sparking	complex	ethical,	social,	economic,	and	environmental	debates	on	a	global	
scale	 as	 shown	 in	 Figure	 2.	 This	 structured	 presentation	 of	 local,	 national,	 and	 global	 issues	 helps	
students	grasp	the	broader	societal	implications	of	biotechnology	at	different	levels.		

	

	 	
Figure	1.	Local	Issue	in	the	Socio-scientific	Issue	Module	
	

	
Figure	2.	National	Issue	(Left)	and	Global	Issue	(Right)	in	the	Socio-scientific	Issue	Module	

	
In	addition	to	presenting	relevant	issues,	the	module	is	designed	to	actively	engage	students	and	

enhance	their	creative	thinking	and	problem-solving	skills	through	various	activities.	These	activities,	
including	 Spot	 It!	 (identifying	 problems),	 Dig	 Deeper	 (Examining	 the	 Problem),	 Solve	 It!	 (planning	
solutions),	 Create	 It!	 (Implementing	 innovative	 solutions),	 and	 Check	 It!	 (evaluating	 and	 revising	
solutions).	The	"Spot	It!"	(identifying	problems)	activity	helps	students	develop	their	ability	to	recognize	
the	main	issues	in	a	problem,	this	stage	allow	students	to	develop	their	fluency.	The	“Dig	Deeper”	activity	
pushes	students	to	identify	problems	further	and	explore	their	impacts	from	various	perspectives.	The	
"Solve	It!"	activity	encouraging	students	to	apply	their	knowledge	and	devise	actionable	strategies	to	
address	 the	 identified	 problems.	 This	 stage	 emphasizes	 fluency	 and	 originality,	 as	 students	 are	
encouraged	to	generate	a	variety	of	potential	solutions	and	select	the	most	viable	ones.	The	"Create	It!"	
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activity	allows	students	to	implement	their	innovative	solutions,	translating	abstract	ideas	into	concrete	
actions.	This	activity	fosters	originality	and	elaboration	by	requiring	students	to	detail	and	refine	their	
solutions,	ensuring	they	are	practical	and	impactful.	By	engaging	in	this	step,	students	enhance	their	
ability	to	innovate	and	think	critically	about	how	their	solutions	can	be	applied	in	real-world	scenarios.	
The	 "Check	 It!"	 activity	 focuses	 on	 evaluating	 and	 revising	 solutions.	 Students	 critically	 assess	 the	
effectiveness	 of	 their	 implemented	 solutions,	 considering	 their	 strengths	 and	 weaknesses.	 This	
reflective	stage	not	only	 improves	problem-solving	by	promoting	adaptability	and	revision	based	on	
feedback	 but	 also	 deepens	 creative	 thinking,	 as	 students	 identify	 ways	 to	 enhance	 their	 solutions	
further.	Each	activity	is	grounded	in	relevant	biotechnology	issues,	as	shown	in	Figure	1	and	2.		

	
Develop	Stage	

The	 validation	process	 focused	on	different	 aspects	 of	 the	module:	 content	 feasibility,	 display	
Feasibility,	socio-scientific	issues,	graphical	elements,	and	language	feasibility.	The	validation	process	
was	conducted	three	times,	and	the	average	results	from	each	expert	show	in	Table	9.	
	
Table	9	
Subject	Matter	Expert	Validation	Result.	

Aspect	 Component	 Validator	Score	
Content	Feasibility	 Relevance	of	content	to	Learning	Outcomes	and	

Learning	Objectives	
3.62	

Accuracy	of	content	 3.87	
Socio-scientific	issue	 4.00	
Modernity	of	the	content	 4.00	

Presentation	Feasibility	 Presentation	techniques	 3.62	
Average	 3.82	
Percentage	 76.50	%	
Category	 Good	
	
Table	10.	
Media	Expert	Validation	Result		

Aspect	 Component	 Average	
Graphic	Feasibility	 Module	Size	 4.35	

Cover	Design	 4.30	
Content	Design	 4.65	

Average	 4.43	
Percentage	 88.60%	
Category	 	 Excellent	
	
Table	11.		
Language	Expert	Validation	Result		

Aspect	 Component	 Average	
Language	Feasibility	 Conciseness	 4.50	

Communicativeness	 4.25	
Dialogic	and	interactive	 3.87	
Appropriateness	with	student	development	 3.87	
Adherence	to	language	rules	 4.12	

Average	 4.12	
Percentage	 82.50	%	
Category	 Excellent	
	

Based	 on	Table	 9	 in	 content	 feasibility,	 the	module	 received	 an	 average	 score	 of	 3.82	 for	 the	
relevance	of	content	to	the	learning	outcomes,	indicating	that	the	content	aligns	well	The	accuracy	of	
the	content	was	 rated	slightly	higher	at	3.87,	 showing	 that	most	 information	 is	accurate.	The	socio-
scientific	 issues	aspect	scored	4,	 showing	 that	 it's	well	 integrated	 into	 the	module.	However,	adding	
more	recent	biotechnology	topics	could	make	it	even	more	interesting	for	students.	The	modernity	of	
the	content	also	received	a	solid	4,	indicating	that	the	module	keeps	pace	with	current	developments	in	
biotechnology.	The	presentation	techniques,	which	assess	how	smoothly	the	content	is	organized	and	
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how	well	the	concepts	are	presented,	scored	3.62.	While	the	structure	is	clear,	improving	the	flow	of	the	
concepts	could	help	students	understand	the	material	more	easily	

According	 to	 the	 media	 expert	 validation	 results,	 the	 module	 received	 a	 strong	 performance	
rating,	 with	 an	 average	 score	 of	 4.05	 and	 a	 feasibility	 rating	 of	 88.6%,	 placing	 it	 in	 the	 “excellent”	
category.	Both	the	cover	and	content	design	scored	particularly	well.	However,	adding	more	visual	aids	
like	process	diagrams	and	 info	 graphics	 could	help	 students	better	understand	 complex	 topics.	 The	
language	 validation	 results	 were	 also	 positive,	 with	 an	 average	 score	 of	 4.12	 or	 82.5%,	 also	 rated	
“excellent.”	The	 language	was	 found	 to	be	concise,	 clear,	 and	appropriate	 for	 students.	 Still,	 there	 is	
potential	to	improve	the	dialogic	and	interactive	elements	to	make	the	module	more	engaging.	

After	validation,	a	limited	trial	was	conducted	with	10	students	to	assess	their	responses	to	the	
SSI-based	module.	The	result	of	this	trial	is	shown	in	Table	12.	

	
Table	12	
Students’	Responses	to	the	SSI	Module	at	the	Development	Stage.	
Aspect	 Average	Score	 Percentage	 Criteria	
Module	Design	 4.00	 80%	 Good	
Concept	Mastery	 3.70	 74%	 Good	
Learning	Motivation	 4.30	 86%	 Excellent	
Average	 4.00	 80%	 Good	
	

Based	on	the	results,	the	overall	average	score	for	the	students'	responses	was	4.0,	or	80%,	which	
falls	 under	 the	 ”good”	 category.	 The	 module	 design	 received	 a	 score	 of	 4.0	 (80%),	 indicating	 that	
students	found	the	module	design	satisfactory.	The	concept	mastery	aspect	scored	slightly	lower	at	3.7	
(74%),	 suggesting	 that	 while	 students	 generally	 understood	 the	 concepts,	 there	 is	 room	 for	
improvement.	The	highest	score	was	for	learning	motivation,	with	an	average	of	4.3	(86%),	indicating	
that	the	module	successfully	motivated	students	to	learn	and	was	rated	as	“excellent.”	Since	the	students	
responded	positively,	the	module	will	be	shared	on	a	larger	scale.	
	
Disseminate	

	 The	dissemination	stage	involved	implementing	the	SSI-based	module	on	a	larger	scale	to	assess	
whether	students'	skills	improved	before	and	after	using	the	module.	After	conducting	both	a	pre-test	
and	post-test,	it	was	evident	that	the	use	of	the	SSI-based	module	enhanced	students'	problem-solving	
and	creative	thinking	skills.		

	
Students’	Problem-Solving	and	Creative	Thinking	Skills	

The	 improvement	 in	problem-solving	and	creative	 thinking	 skills	 can	be	observed	 through	an	
analysis	of	the	N-Gain	value.	Overall,	the	N-gain	scores	for	problem-solving	and	creative	thinking	skills	
are	shown	in	Table	13.		

	
Table	13.	
N-gain	Score	of	Problem	Solving	and	Creative	Thinking	Skills	in	Experiment	and	Control	Class	

Skill	 Pre-Test	Score	 Post-Test	Score	 N-Gain	Score	
Experiment	 Control	 Experiment	 Control	 Experiment	 Control	

Problem	Solving	 44.00	 41.00	 78.16	 58.11	 0.61	 0.29	
Creative	Thinking	 45.00	 44.50	 85.15	 60.60	 0.73	 0.29	
	

The	result	 showed	 that	 the	average	N-Gain	 in	experiment	class	 for	problem-solving	skills	was	
medium	and	creative	thinking	skills	was	high.	These	improvements	in	students'	problem-solving	and	
creative	 thinking	 skills	 can	be	 attributed	 to	 the	 effectiveness	 of	 incorporating	 socio-scientific	 issues	
(SSI)-based	modules	into	the	learning	process.	In	the	experimental	class,	the	students	were	exposed	to	
issues	 that	 mirrored	 the	 complexity	 of	 real-world	 situations,	 controversial	 and	 ill-structured,	 and	
integrated	 with	 ethical	 and	 social	 considerations.	 The	 use	 of	 real-world	 problems	 is	 particularly	
impactful	 in	 enhancing	 students'	 problem-solving	 skills.	 When	 problems	 are	 relevant	 and	 familiar,	
students	 become	more	motivated	 and	 actively	 engaged,	 which	 strengthens	 their	 ability	 to	 analyze,	
evaluate,	and	generate	solutions	(Weng	et	al.,	2022).	The	exposure	to	ill-structured	problems,	as	typical	
in	SSI-based	modules,	has	been	shown	to	enhance	problem-solving	skill	(Klegeris	et	al.,	2013).	As	Dori	
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et	 al.	 (2003)	 note,	 integrating	 biotechnology	modules	with	 controversial	 issues	 significantly	 boosts	
higher-order	thinking	skills,	including	problem	solving	and	creative	thinking	skills.	

The	difference	in	N-Gain	values	between	problem-solving	and	creative	thinking	skills	reflects	the	
distinct	nature	of	the	tasks	and	cognitive	processes	involved	in	each	skill.	Overall,	creative	thinking	tasks	
encouraged	greater	exploration	and	engagement,	resulting	in	higher	improvements	in	creative	thinking	
skills.	Many	studies	have	documented	that	students	engaging	with	socio-scientific	issues	can	enhance	
their	creative	thinking	skills.	The	study	Pursitasari	et	al.	(2022)	demonstrated	that	the	use	of	SSI-based	
modules	in	biotechnology	topics	can	enhance	students'	creative	thinking	skills.	Meanwhile,	problem-
solving	 tasks,	 although	 also	 demonstrating	 significant	 improvement,	 presented	 a	 higher	 level	 of	
complexity	in	terms	of	structured	analysis	and	solution	development.	This	led	to	more	medium	growth	
in	problem-solving	skills.	

In	the	control	class,	the	average	N-Gain	for	problem-solving	and	creative	thinking	skills	was	only	
0.29,	which	is	considered	low.	Although	there	was	some	improvement,	it	was	much	smaller	compared	
to	 the	 experimental	 class,	 which	 used	 the	 SSI	 module	 designed	 to	 encourage	 problem-solving	 and	
creativity	in	a	more	structured	and	meaningful	way.	The	learning	process	in	the	control	class	was	not	
connected	to	real-world	contexts,	as	opposed	to	the	SSI	module	in	the	experimental	class,	resulting	in	
fewer	opportunities	for	students	to	engage	their	skills	(Zeidler	et	al.,	2019).	Barron	&	Darling-Hammond	
(2008)	also	point	out	that	when	learning	isn’t	relevant	to	real-world,	students	are	less	motivated	and	
find	it	harder	to	think	critically	and	creatively.	On	the	other	hand,	students	in	the	experimental	class	
worked	with	controversial	socio-scientific	issues,	which	helped	them	build	a	deeper	understanding	of	
science	 concepts	 and	 improve	 their	 skills	 (D.	 Zeidler	 &	 Kahn,	 2014).	 This	 shows	 a	 clear	 difference	
between	 the	 two	 classes,	 as	 the	 control	 class	 didn’t	 have	 the	 same	 opportunities	 to	 develop	 their	
problem-solving	and	creative	thinking	skill.	
	
Students	Responses	

	 After	 the	 biology	 lessons	 using	 the	 SSI-based	 biotechnology	 module	 were	 implemented,	
students	provided	positive	responses.	Their	feedback	reflects	an	increased	engagement	and	interest	in	
the	topics	covered,	as	well	as	a	deeper	understanding	of	the	socio-scientific	issues	presented.	This	is	
evident	 from	 the	 data	 collected	 in	 Table	 14,	which	 summarizes	 students	 responses	 regarding	 their	
experiences	with	the	module.	
	
Table	14.		
Students’	Responses	to	the	SSI	Module	at	the	Disseminate	Stage	

Aspect	 Average	Score	 Percentage	 Criteria	
Module	Design	 4.50	 90.00%	 Excellent	
Concept	Mastery	 4.00	 80.00%	 Good	
Learning	Motivation	 4.50	 90.00%	 Excellent	

Average	 4.30	 86.70%	 Excellent	

	
The	 evaluation	 of	 students'	 responses	 after	 using	 the	 SSI-based	 biotechnology	module	 shows	

positive	outcomes	across	several	key	aspects,	with	an	overall	average	score	of	4.3,	or	86.7%,	which	is	
categorized	as	“Excellent.”	The	module's	design	received	a	score	of	4.0	(80%),	indicating	that	students	
appreciated	its	structure	and	content.	A	well-designed	module	plays	a	crucial	role	in	supporting	student	
engagement	 and	 learning.	 Mayer	 (2020)	 emphasizes	 that	 effective	 instructional	 design	 enhances	
comprehension	and	motivation	by	clearly	presenting	objectives	and	providing	 relevant	 content	 that	
students	can	connect	to	their	own	experiences.	This	approach	helps	students	better	understand	and	
engage	with	the	material,	leading	to	more	meaningful	learning	experiences.	

In	terms	of	concept	mastery,	the	students	achieved	a	score	of	3.7	(74%),	which	is	also	categorized	
as	 “Good.”	 This	 suggests	 that	 the	 module	 helped	 students	 understand	 the	 core	 concepts	 of	
biotechnology,	though	there	remains	some	room	for	improvement	in	this	area.	According	to		Sadler,	et	
al.	(2016),	SSI-based	learning	can	deepen	students'	grasp	of	scientific	concepts	by	encouraging	them	to	
apply	their	knowledge	to	real-world	problems.		

The	highest	score	was	observed	in	learning	motivation,	with	an	impressive	4.3	(86%),	categorized	
as	“Excellent.”	This	high	level	of	student	motivation	can	be	attributed	to	the	module's	engaging	design	
and	well-crafted	content.	The	strong	validation	results	from	media	experts	further	support	this,	with	
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the	module	achieving	an	88.6%	score	for	its	design	and	75.5%	for	its	content	and	presentation.	These	
results	indicate	that	the	module's	appealing	features	effectively	enhance	the	learning	experience	and	
tap	 into	students'	 intrinsic	motivation.	 Intrinsic	motivation	 is	not	a	 fixed	personal	characteristic	but	
arises	 from	 the	 interaction	 between	 individuals	 and	 specific	 tasks	within	 particular	 situations.	 The	
module's	integration	of	controversial	and	real-world	issues,	such	as	bioethanol	project	in	Merauke,	pro	
and	cons	Genetic	Modified	Organism	(GMO),	and	Cloning,	likely	fosters	this	motivation	by	offering	tasks	
that	 are	 intellectually	 stimulating	 and	 socially	 meaningful.	 This	 aligns	 with	 Slovinsky	 et	 al.	 (2021)	
findings,	which	highlight	that	incorporating	socio-scientific	issues	into	science	education	significantly	
enhances	students'	 intrinsic	motivation	by	making	the	learning	process	more	relevant	and	engaging.	
Moreover,	research	by	Karunarathne	and	Calma	(2024).	shows	that	individuals	tend	to	be	more	creative	
when	driven	by	internal	factors	such	as	interest,	enjoyment,	and	the	challenge	of	the	task	itself,	rather	
than	external	pressures	like	competition	or	supervision.	
	
CONCLUSION	

Based	on	the	expert	evaluations,	the	module	is	considered	feasible	in	terms	of	media,	content,	and	
language,	with	high	ratings	across	all	categories.	The	module	was	found	to	be	excellent	in	terms	of	both	
media	 design	 and	 language.	 The	 multimedia	 elements	 were	 well-received	 by	 students,	 effectively	
supporting	the	learning	process	and	making	it	more	engaging.	The	module	was	found	to	be	very	suitable	
in	terms	of	its	media	design	and	language,	with	scores	falling	into	the	"excellent"	categories.	The	content	
or	subject	matter	 feasibility	used	in	the	module	was	categorized	as	“good.”	Student	responses	to	the	
module	were	positive,	with	the	students'	 learning	motivation	scoring	categorized	as	"excellent."	The	
module's	engaging	design	and	incorporation	of	relevant	socio-scientific	issues	contributed	significantly	
to	this	outcome.	The	effectiveness	of	the	SSI-based	module	in	enhancing	students'	problem-solving	and	
creative	 thinking	 skills	was	 confirmed	 through	N-Gain	 analysis.	 In	 the	 experimental	 class,	 students	
demonstrated	significant	improvement,	with	an	average	N-Gain	of	0.61	for	problem-solving	and	0.73	
for	creative	 thinking,	 categorized	as	 “medium”	and	“high,”	 respectively.	This	 improvement	contrasts	
with	the	control	class,	where	traditional	 teaching	methods	resulted	 in	much	 lower	N-Gain	values.	 In	
conclusion,	 the	 SSI-based	module	 not	 only	meets	 feasibility	 standards	 but	 also	 effectively	 enhances	
students'	problem	solving	and	creative	thinking	skills,	making	it	a	valuable	tool	for	science	education.	
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