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	 Learning	outcomes	assessment	is	a	crucial	aspect	in	determining	
the	 effectiveness	 of	 a	 curriculum	or	 teaching	process.	However,	
approaches	 to	 assessment	 in	 the	 education	 system	 often	 raise	
questions	 about	 the	 efficiency	 of	 various	 assessments	
systematically	 reviewed	 in	 the	 literature	 on	 biology	 learning	
outcomes	assessment	in	education	by	analyzing	36	articles	from	
the	Scopus	database	between	2018	and	2023	using	 the	PRISMA	
approach.	 The	main	 focus	 of	 this	 review	 study	was	 to	 evaluate	
the	most	effective	assessment	methods,	as	well	as	further	identify	
the	challenges	educators	face	 in	assessment	and	understand	the	
implications	 of	 changing	 assessment	 methods	 for	 biology	
education.	 Through	 analyzing	 data	 using	 VOSviewer	 software,	
this	study	revealed	trends	in	the	use	of	technology	in	assessment,	
prevalent	 assessment	 methods	 such	 as	 formative	 assessment,	
and	key	challenges	such	as	the	complexity	of	biological	concepts	
and	technology	integration.	The	results	showed	the	dominance	of	
formative	 assessment	 and	 a	 shift	 towards	 technology	 in	
assessment,	which	emphasizes	developing	critical	thinking	skills,	
scientific	 reasoning,	 and	 inquiry	 skills.	 In	 addition,	 the	 study	
highlighted	an	increased	focus	on	equity,	diversity,	and	inclusion	
in	 assessment	 practices	 and	 the	 impact	 of	 the	 adoption	 of	
distance	and	online	learning	on	assessment	practices.		
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INTRODUCTION	
In	 the	 era	 of	 globalization,	 the	 progress	 of	 scientific	 work	 is	 constantly	 growing	 every	 year,	

especially	 in	 biology	 education,	 which	 is	 a	 fundamental	 aspect	 in	 determining	 the	 effectiveness	 of	
curriculum	 and	 teaching	 (Fitria	 et	 al.,	 2024;	 Zhan	 &	 Niu,	 2023).	 Biology	 studies	 life,	 environment,	
health,	and	emerging	biomedical	technologies	(Banerjee	et	al.,	2019;	Sheikhpour	et	al.,	2020).	In	terms	
of	 the	 complexity	 of	 the	 material	 requirements,	 a	 more	 theoretical	 understanding	 of	 practical	
applications	 is	 required,	 making	 the	 assessment	 process	 more	 challenging	 and	 allowing	 further	
implementation	 in	 the	world	 of	 education	 (Marougkas	 et	 al.,	 2023).	 Accordingly,	 biology	 education	
plays	a	vital	role	as	the	central	pillar	in	measuring	biology	learning	outcomes	using	an	approach	that	
assesses	in	a	measurable	and	structured	manner	to	ensure	the	acquisition	of	a	better	understanding	of	
students.	

However,	 in	 implementing	 the	assessment	of	biology	 learning	outcomes,	 the	majority	 still	has	
some	 weaknesses	 that	 often	 raise	 questions	 regarding	 the	 effectiveness	 of	 various	 assessment	
strategies,	 especially	 in	 theoretical	and	practical	aspects	 (Ifenthaler	et	al.,	2023;	Stanja	et	al.,	2023).	
Conversely,	 integrated	 biology	 education	 utilizing	 the	 STEM	 (Science,	 Technology,	 Engineering	 and	
Math)	approach	 is	very	supportive	 in	 the	aspects	of	 scientific	assessment	and	understanding,	which	
positively	enhances	students'	understanding	for	the	better	in	natural	contexts	(Agus	Supriyadi	et	al.,	
2023;	 Ilma	 et	 al.,	 2023).	 As	 technology	 advances,	 new	 assessment	 methods	 are	 being	 introduced,	
including	 the	 use	 of	 digital	 simulation,	 augmented	 reality,	 and	 virtual	 reality,	 which	 are	 promising	
approaches	 to	support	 the	assessment	process	and	enrich	 the	 learning	experience	of	 students	 to	be	
more	varied	(Prasetya,	Fajri,	et	al.,	2023;	Prasetya,	Fortuna,	et	al.,	2023;	Samala	et	al.,	2024;	Waskito	et	
al.,	2024).	

Recently,	findings	show	a	shift	in	assessment	methods	from	predominantly	summative	to	more	
authentic	 and	 formative,	 focussing	 on	 the	 process	 of	 learning	 and	 deep	 understanding	 rather	 than	
learning	outcomes	alone	(Moosvi	&	Bates,	2023;	Svensäter	&	Rohlin,	2023;	Wakefield	et	al.,	2023).	On	
the	one	hand,	 the	application	of	 this	 innovative	assessment	method	 is	still	varied	and	needs	 further	
evaluation	 by	 examining	 the	 assessment	 framework	more	 deeply	 based	 on	 aspects	 of	 success	 and	
failure	so	that	it	can	be	effectively	applied	in	the	current	education	system.	Nevertheless,	it	is	crucial	to	
recognize	significant	challenges	 in	adopting	 formative	assessment	methods	 into	 the	existing	biology	
learning	 curriculum	 (Cardozo	 et	 al.,	 2023).	 Factors	 such	 as	 resource	 availability,	 infrastructure	
facilities	and	teacher	training	also	play	a	crucial	role	in	implementing	this	strategy	(Muthanna	&	Sang,	
2023).	

Additionally,	 the	 perceptions	 and	 expectations	 of	 stakeholders	 in	 education,	 such	 as	
policymakers,	 teachers,	 students	 and	 parents,	 influence	 the	 adoption	 of	 new	 assessment	 practices.	
Moreover,	resistance	to	changing	traditional	assessment	methods	towards	more	dynamic	approaches	
can	be	challenging,	especially	in	institutions	that	are	less	open	to	changes	in	teaching	and	assessment	
methods	(Abulibdeh	et	al.,	2024;	Alenezi	et	al.,	2023).	Nevertheless,	formative	assessment	offers	many	
advantages	in	enhancing	learners'	engagement	and	the	real-life	relevance	of	learning	materials,	which	
is	 assumed	 to	 be	 a	 challenge	 in	 resource-constrained	 environments	 (Alam	 &	 Mohanty,	 2023;	
Naghdipour	 &	 Manca,	 2022).	 Consequently,	 this	 research	 review	 is	 not	 limited	 to	 identifying	 and	
evaluating	 assessment	 methods	 but	 also	 considers	 the	 specific	 conditions	 under	 which	 such	
assessment	methods	can	be	successful.	

This	research	aims	to	conduct	a	systematic	literature	review	through	36	predetermined	studies	
of	 empirical	 research	 results	between	2018	and	2023	 in	 experiencing	biology	 learning	outcomes	at	
various	 levels	 of	 secondary	 education	 to	 higher	 education.	 By	 further	 reviewing	 the	 published	
research	results,	it	seeks	to	gain	an	in-depth	understanding	to	provide	valuable	recommendations	for	
researchers,	educators,	and	policymakers	so	that	they	can	be	adapted	in	the	future.	This	review	will	
thus	delve	deeper	into	the	most	effective	assessment	methods,	challenges,	opportunities,	and	current	
technological	trends	used	in	biology	education	that	are	more	inclusive	and	contribute	significantly	to	
improving	the	quality	of	biology	education	at	the	international	level.	In	order	to	achieve	the	objectives	
of	this	research,	we	formulated	several	research	questions	to	answer	the	targeted	objectives.	
RQ1. How	 has	 the	 trend	 of	 using	 technology	 in	 biology	 learning	 outcomes	 assessment	 affected	

students'	academic	achievement	from	2018	to	2023?	
RQ2. What	 methods	 of	 assessing	 biology	 learning	 outcomes	 are	 frequently	 used	 in	 secondary	 to	

higher	education?		
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RQ3. What	 are	 the	 primary	 challenges	 and	 opportunities	 educators	 face	 in	 implementing	 effective	
assessment	methods	for	learning	outcomes	in	biology?	

RQ4. What	 are	 the	 implications	 and	 contributions	 of	 the	 changes	 of	 the	 last	 five	 years	 to	 future	
assessment	methods	in	biology	education?	

	
METHODS	
Data	Collection		

In	collecting	systematic	 literature	review	research	data,	 the	approach	used	 in	 this	study	 is	 the	
PRISMA	 (Preferred	 Reporting	 Items	 for	 Systematic	 Reviews	 and	 Meta-Analyses)	 approach	 is	 the	
primary	 acceptable	 method	 of	 presenting	 evidence	 in	 systematic	 literature	 reviews,	 including	 the	
process	of	identification,	screening,	eligibility,	and	inclusion	(Page	et	al.,	2021).	The	main	focus	of	this	
study	 was	 to	 identify	 and	 evaluate	 the	 most	 effective	 assessment	 methods	 for	 biology	 learning	
outcomes	in	education.	The	primary	source	of	this	research,	based	on	the	results	of	empirical	studies	
determined	by	researchers	and	peers,	focuses	more	on	36	articles	out	of	80	that	have	been	assessed	
for	eligibility,	especially	within	the	scope	of	 the	Scopus	database	on	publications	 in	highly	reputable	
International	 Journals.	 In	 addition,	 the	 main	 keywords	 used	 in	 the	 Scopus	 database	 search	 engine	
were	"assessment",	AND	"biology	and	learning",	AND	"learning	and	outcomes",	AND	"education".	The	
following	are	the	details	of	the	research	data	retrieval	presented	in	Table	1.	
	
Table	1		
Details	of	information	from	the	systematic	literature	review	
Primary	Data	Source	

Search	 Database	from	Scopus	

Primary	keyword	
search	

(	 TITLE-ABS-KEY	 (	 assessment	 )	 AND	 TITLE-ABS-KEY	 (	 biology	 AND	 learning	 )	 AND	
TITLE-ABS-KEY	 (	 learning	AND	outcomes	 )	AND	TITLE-ABS-KEY	 (	 education	 )	 )	AND	
PUBYEAR	>	2018	AND	PUBYEAR	<	2023	AND	(	LIMIT-TO	(	DOCTYPE	,	"ar"	)	OR	LIMIT-
TO	(	DOCTYPE	,	"cp"	)	)	AND	(	LIMIT-TO	(	LANGUAGE	,	"English"	)	)	

Duration	(year)	 2018	–	2023	
Data	retrieval	date	 4th	April	2024	
	
Criteria	for	Inclusion	and	Exclusion	

The	 search	 process	 was	 specified	 using	 inclusionary	 article	 selection	 criteria	 (Lindner	 et	 al.,	
2023).	Firstly,	articles	published	in	Scopus	Indexed	International	Journals	that	have	passed	the	peer-
review	 stage	 to	 ensure	 the	 highest	 quality	 of	 review.	 In	 addition,	 aspects	 of	 research	 topics,	 the	
language	used,	and	relevant	research	data.	Finally,	the	results	of	how	many	publications	in	the	last	five	
years	(2018-2023).	In	contrast,	the	determination	of	exclusion	criteria	includes	results	opposite	to	the	
inclusion	criteria	(Xie	&	Correia,	2024).	One	of	them	is	articles	that	cannot	be	accessed	by	researchers,	
for	example,	in	the	form	of	reviews,	editorials,	or	newspapers,	which	are	not	relevant	to	the	research	
topic,	and	publication	results	in	languages	that	are	not	understood	by	researchers,	as	well	as	articles	
that	 do	 not	 present	 data	 or	 research	 results	 that	 are	 relevant	 to	 the	 research	 objectives	 of	 this	
systematic	literature	review.	
	
Research	Design	and	Procedure	

This	 study	 utilized	 a	 systematic	 literature	 review	 using	 the	 PRISMA	 approach	 to	 identify,	
evaluate	 and	 synthesize	 assessment	methods	 for	 biology	 learning	 outcomes	 in	 relevant	 educational	
contexts	 from	all	 existing	assessment	methods	 (Bahroun	et	 al.,	 2023;	Vázquez-Villegas	et	 al.,	 2023).	
The	first	step	in	following	this	research	procedure	was	to	determine	the	objectives	in	evaluating	the	
effectiveness	of	various	assessment	methods	in	measuring	biology	learning	outcomes.		

Moreover,	the	inclusion	and	exclusion	criteria	were	determined	using	predetermined	keywords	
to	select	relevant	research	literature,	especially	research	results	in	the	form	of	articles	and	conference	
proceedings.	 Fundamental	data	 analysis	was	 applied	using	VOSviewer	 software	 to	 identify	 research	
gaps	in	network	visualization.	After	that,	relevant	articles	will	be	filtered	based	on	the	relevance	of	the	
research	 topic,	 especially	 the	 title,	 abstract,	 and	 its	 quality	 in	 conducting	 the	 research	 process	 and	
research	methods	used.	The	collected	data	will	be	analyzed	systematically,	and	the	visualization	of	the	
analysis	will	be	interpreted	to	evaluate	the	effectiveness	of	various	assessment	methods.	In	summary,	
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research	 conclusions	 will	 be	 drawn	 based	 on	 these	 findings	 and	 their	 implications	 for	 educational	
practice.	The	research	procedure	has	been	summarised	in	Figure	1.		

	

	
Figure	1.	The	PRISMA	flowchart	on	Biology	Learning	Outcomes	Assessment 

 
RESULTS	AND	DISCUSSION	
	
Assessment	Research	Trends	and	Keyword	Analysis	
	
RQ1. How	has	the	trend	of	using	technology	in	biology	learning	outcomes	assessment	affected	students'	

academic	achievement	from	2018	to	2023?	 	
	
Figure	 2	 provides	 a	 visualization	 of	 the	 network	 of	 connections	 between	 various	 concepts	

related	to	education,	biology,	and	human	studies.	The	network	has	several	colours	in	the	form	of	nodes	
and	lines	that	show	how	these	topics	relate.	Firstly,	the	green	cluster	focuses	on	education,	with	terms	
such	as	"technical	education",	"computing",	"students",	and	"teaching".	Secondly,	the	red	cluster	seems	
to	 be	 about	 "human	 studies",	 including	 "human,"	 "procedures,"	 "educational	 measurement,"	 and	
"medical	education".	Finally,	the	blue	cluster	is	related	to	"biology,"	featuring	terms	such	as	"biology,"	
"molecular	biology,"	"genetics,"	and	"laboratory."	Meanwhile,	the	term	"education"	sits	 in	the	centre,	
connecting	all	the	clusters,	indicating	that	it	is	a	crucial	concept	across	all	these	fields.	The	figure	also	
includes	terms	such	as	"learning	outcomes,"	"assessment,"	and	"problem-based	learning,"	indicating	a	
focus	on	educational	methods	and	outcomes.	
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Figure	2.	Network	visualization	for	terms	and	keywords	in	Assessment	of	Biology	Learning	Outcomes	
	

This	was	done	to	identify	and	interpret	the	research	gaps	based	on	the	visualization	of	Figure	2,	
which	 considered	 the	 connections	 and	 clusters	 identified	 in	 the	 network	 graph.	 Initially,	 the	
identification	was	based	on	interdisciplinary	opportunities	that	show	the	connections	of	each	cluster,	
particularly	education,	human	studies,	and	biology,	which	are	assumed	to	have	gaps	between	research	
in	 these	 areas	 for	 specific	 educational	 strategies	 that	 can	be	optimized	 to	 teach	 complex	biology	or	
human	 studies	 concepts.	Whereas,	 in	 the	 context	 of	 educational	 methods,	 emerging	 terms	 such	 as	
"problem-based	 learning",	 "assessment",	 and	 "learning	 outcomes"	 indicate	 a	 focus	 on	 educational	
outcomes,	 which	 may	 exist	 in	 the	 effectiveness	 of	 different	 teaching	 methodologies	 in	 various	
disciplines,	especially	in	emerging	technological	fields,	e.g.,	computational	biology.		

Furthermore,	 terms	 such	 as	 "engineering	 education"	 and	 "computing"	 may	 have	 gaps	 in	
previous	research	on	integrating	new	technologies	into	educational	curricula,	thus	impacting	learning	
outcomes	in	STEM	fields.	In	addition,	biology	education	being	clustered	between	biology,"	"molecular	
biology,"	 and	 "genetics"	 implies	potential	 gaps	 in	how	 these	 subjects	 are	 taught	 and	understood	by	
learners,	especially	the	rapid	advances	in	recent	fields.	On	the	one	hand,	assessment	techniques	based	
on	the	keyword	"educational	measurement"	implies	a	research	gap	in	developing	and	validating	new	
assessment	 techniques	 that	 accurately	 measure	 student	 understanding	 in	 more	 complex	 biology	
subjects.	On	the	other	hand,	the	most	dominating	role	of	education	in	linking	different	disciplines	may	
be	interdisciplinary	knowledge	transfer	methods	of	communication.	

The	diagram	in	Figure	3	 illustrates	 the	outcomes	of	 the	keyword	network	visualization,	which	
likely	 portrays	 the	 interconnections	 among	 different	 academic	 terms	 and	 concepts	 about	 the	
assessment	methods	 of	 biology	 learning	 outcomes	 from	 2018	 to	 2023.	Moreover,	 this	 visualization	
was	 created	 by	 utilizing	 VOSviewer	 software,	 which	 is	 famous	 for	 its	 bibliometric	 analysis	 in	
identifying	trends,	popular	 topics,	and	potential	gaps	 in	 this	research.	A	visual	representation	of	 the	
bibliometric	network	analysis	is	shown	based	on	The	colour	gradient	from	dark	blue	to	yellow,	which	
represents	 the	 timeline	 from	2018	 to	2023,	 indicating	 the	 evolution	or	 trends	 in	 the	 focus	 areas	 in	
education	 and	biology	 research	during	 this	 period	 (McAllister	 et	 al.,	 2022).	Darker	 colours,	 such	 as	
dark	 blue,	 represent	 earlier	 years	 around	 2018,	 while	 lighter	 colours,	 such	 as	 green	 and	 yellow,	
indicate	more	recent	years,	up	to	2023.	

	
	

https://doi.org/10.21009/biosferjpb.47179
https://issn.brin.go.id/terbit/detail/1180433305


 

	

10.21009/biosferjpb.47179	 Rahmi	et	al	 E-ISSN:	2614-3984	 15	

	
Figure	3.	Network	visualization	of	2018-2023	
	
	
Literature	Review	Findings	
	
RQ2. What	methods	of	assessing	biology	learning	outcomes	are	frequently	used	in	secondary	to	higher	

education?	
	
The	 literature	 review	 systematically	 engaged	 36	 relevant	 studies	 to	 assess	 the	 assessment	

methods	 used	 for	 biology	 learning	 outcomes	 ranging	 from	 secondary	 to	 higher	 education.	 Table	 2	
depicts	 a	 series	 of	 publications	 that	 have	 undergone	 a	 rigorous	 peer	 review	process,	 specifically	 in	
education	 and	 biology,	 detailing	 the	 author,	 region,	 number	 of	 citations,	 and	 journal	 in	which	 each	
work	was	published.	These	publications	were	extracted	from	the	Scopus	database	and	sorted	by	the	
number	of	citations	received,	which	is	vital	in	recognizing	articles	as	a	critical	indicator	of	their	impact	
on	future	research	developments.	
	
Table	2		
Recapitulation	of	all	systematic	literature	review	articles	

No	 Author	 Education	Level	 Region	 Cites	 Assessment	
Types	 Journal	

1	
(Arneson	&	
Offerdahl,	
2018)	

Washington	State	
University	

United	
States	 126	 Summative	

Assessments	
CBE:	Life	Sciences	

Education	

2	 (Rodríguez	et	
al.,	2019)	

Pompeu	Fabra	
University	 Spain	 109	 Formative	

Assessments	

BMC	Medical	
Education	(Springer	

Nature)	

3	 (Wilton	et	al.,	
2019)	

University	of	
California,	Santa	

Barbar	

United	
States	 73	 Formative	

Assessments	
CBE:	Life	Sciences	

Education	

4	 (Clemmons	et	
al.,	2020)	

University	of	
Washington	

United	
States	 67	 Rubrics	and	

Checklists	
CBE:	Life	Sciences	

Education	

5	 (Hancock	et	al.,	
2018)	 University	of	Sydney	 Australia	 31	 Self	and	Peer	

Assessments	

Biochemistry	and	
Molecular	Biology	

Education	
6	 (Bassett	et	al.,	 Missouri	University	of	 United	 27	 Formative	 CBE:	Life	Sciences	
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No	 Author	 Education	Level	 Region	 Cites	 Assessment	
Types	 Journal	

2020)	 Science	and	
Technology	

States	 Assessments	 Education	

7	 (Irby	et	al.,	
2018)	 Purdue	University	 United	

States	 26	 Performance	
Assessments	

Biochemistry	and	
Molecular	Biology	

Education	

8	 (Bertolini	et	al.,	
2021)	

The	University	
Corpus	

United	
States	 26	 Novel	Assessments	

Journal	of	Science	
Education	and	
Technology	

9	 (Tomažič	et	al.,	
2020)	

Lower	Secondary	
School	Students	 Germany	 23	 Observational	

Assessment	

Journal	of	Biological	
Education	(Taylor	&	

Francis)	

10	 (O'Connell	et	
al.,	2021)	

Universities	across	
the	United	States	

United	
States	 21	 Summative	

Assessments	

Journal	of	
Geoscience	

Education	(Taylor	&	
Francis)	

11	 (Katzman	et	al.,	
2021)	

Undergraduate	Cell	
Biology	

United	
States	 19	 Formative	

Assessments	

Journal	of	
Microbiology	&	
Biology	Education	

12	 (Tahir	et	al.,	
2022)	 McMaster	University	 Canada	 19	 Performance	

Assessments	

FEBS	Openbio	
(Wiley	Online	
Library)	

13	 (Hodges	et	al.,	
2021)	

Secondary	School	of	
Biology	Classroom	

United	
States	 16	 Formative	

Assessments	

Journal	of	Science	
Education	and	
Technology	

14	 (Hills	et	al.,	
2020)	 MacEwan	University	 Canada	 14	

Formative	and	
Summative	
Assessments	

Biochemistry	and	
Molecular	Biology	

Education	

15	 (Fried	et	al.,	
2020)	

University	of	
Colorado	

United	
States	 13	 Summative	

Assessments	
Evolution:	Education	

and	Outreach	

16	 (Guarracino,	
2020)	 College	of	New	Jersey	 United	

States	 13	 Self	and	Peer	
Assessment	

Journal	of	Chemical	
Education	

17	 (Kulkarni	&	
Vartak,	2019)	 Higher	Education	 India	 12	 Self	and	Peer	

Assessments	

Biochemistry	and	
Molecular	Biology	

Education	

18	 (Reen	et	al.,	
2021)	

University	College	
Cork	 Ireland	 12	 Self	and	Peer	

Assessments	
Frontiers	in	Virtual	

Reality	

19	 (Knutstad	et	al.,	
2021)	

Oslo	Metropolitan	
University	 Norway	 10	 Performance	

Assessments	
Nursing	Open	Wiley	
Online	Library)	

20	 (Kumar	et	al.,	
2023)	

Medical	Higher	
Education	 India	 9	 Technology-

Enhanced	
Electronics	

(Switzerland-	MDPI)	

21	 (Burks,	2022)	
Historically	Black	
College	and	
University	

United	
States	 9	 Performance	

Assessments	

Journal	of	
Microbiology	&	
Biology	Education	

22	
(Lovren	&	
Jablanovic,	
2023)	

Serbian	Secondary	
Education	 Serbia	 7	 Formative	 Sustainability	

(Switzerland-	MDPI)	

23	 (Clark	&	Hsu,	
2023)	

Major	Higher	
Education	

Accreditation	
Agencies	

United	
States	 7	 Program	Learning	

Outcomes	
CBE:	Life	Sciences	

Education	

24	 (Guttilla	Reed,	
2021)	

University	of	Saint	
Joseph	

United	
States	 5	 Diagnostic	

Assessment	

Biochemistry	and	
Molecular	Biology	

Education	

25	 (Arthur	et	al.,	
2018)	

University	of	Western	
Australia	 Australia	 3	 Diagnostic	

Assessment	

Biochemistry	and	
Molecular	Biology	

Education	

26	 (Kabayiza	et	al.,	
2022)	

Pittsford	Mendon	
High	School	

United	
States	 3	 Technology-

Enhanced	
Crystals	

(Switzerland-	MDPI)	

27	 (Sari	et	al.,	
2019)	

Universitas	Negeri	
Malang	 Indonesia	 2	 Formative	

Assessments	
AIP	Conference	
Proceedings	
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No	 Author	 Education	Level	 Region	 Cites	 Assessment	
Types	 Journal	

28	 (Van	Stry	et	al.,	
2019)	 Higher	Education	 United	

States	 2	 Feedback-
Formative	

American	Chemical	
Society	Symposium	

Series	

29	 (Fiedler	et	al.,	
2022)	

Bavarian	Fifth-
Graders	 Germany	 2	 Digital	Nativity	

Assessment	Scale	
Sustainability	

(Switzerland-	MDPI)	

30	
(Hidayat	&	
Irdiyansyah,	

2023)	
Pakuan	University	 Indonesia	 2	 Self	and	Peer	

Assessments	

European	Journal	of	
Educational	
Research	

31	 (Kushner,	
2021)	

Dickinson	College	
Biology	

United	
States	 1	 Performance	

Assessments	

Biochemistry	and	
Molecular	Biology	

Education	

32	 (El	Islami	et	al.,	
2022)	

Schools	in	Indonesia,	
Thailand,	Vietnam	 Indonesia	 1	 Formative	and	

Summative	
Asia-Pacific	Social	
Science	Review	

33	 (Filice	et	al.,	
2023)	

Michigan	State	
University	

United	
States	 0	 Formative	and	

Summative	
Evolution:	Education	

and	Outreach	

34	 (Roberts	&	
Shell,	2023)	

Undergraduate	
Laboratory	Teaching	

United	
States	 0	 Novel	Assessments	 Frontiers	in	

Microbiology	

35	 (Labak	&	
Blazetic,	2023)	

Strossmayer	
University	 Croatia	 0	 Self-Assessments	

Journal	of	Education	
and	e-Learning	
Research	

36	 (Gross	et	al.,	
2023)	

Fisk	University	and	
Western	Kentucky	

University	

United	
States	 0	 Performance	

Assessments	

Journal	of	Biological	
Education	(Taylor	&	

Francis)	
	

Primarily,	 in	 this	 section,	we	managed	 to	collect	highly	 rigorously	 selected	reviewer-reviewed	
data	 starting	with	 the	 top	 publication	 by	 (Arneson	&	Offerdahl,	 2018),	 originating	 from	 the	 United	
States	and	published	in	"CBE:	Life	Sciences	Education,"	which	has	accumulated	the	most	citations,	126.	
This	is	followed	by	the	publication	of	(Rodríguez	et	al.,	2019),	from	Spain	with	109	citations	in	"BMC	
Medical	Education	(Springer	Nature)."	The	third	in	the	 list	of	other	works	from	the	United	States	by	
(Wilton	et	al.,	2019),	published	in	the	same	journal	as	the	first,	has	73	citations.	In	summary,	authors	
from	 the	 United	 States	 dominate	 the	 top	 research	 results	 on	 assessment	 methods	 used	 in	 biology	
education.	 Furthermore,	 Table	 2	 lists	 publications	 from	 different	 regions,	 including	 Australia,	
Germany,	 Canada,	 India,	 Ireland,	 Norway,	 Serbia	 and	 Indonesia,	 reflecting	 the	 diverse	 international	
contributions	 in	 the	 field	 of	 biology	 learning	 assessment.	 Journals	 covering	 a	 wide	 range	 of	
specializations	 in	 education	 and	 biology,	 such	 as	 "Biochemistry	 and	 Molecular	 Biology	 Education",	
"Journal	 of	 Science	 Education	 and	 Technology",	 "Journal	 of	 Biology	 Education",	 and	 more,	
demonstrating	the	interdisciplinary	nature	of	this	research.	

	
Figure	4.	Top	10	articles	by	most	citations	in	this	study	
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The	varying	number	of	citations	of	some	of	the	most	cited	publications	indicates	that	the	results	
of	 studies	 of	 various	 assessment	 methods	 are	 highly	 valued	 and	 frequently	 referred	 to	 in	 other	
research,	especially	in	the	context	of	the	assessment	of	biology	learning	outcomes	presented	in	the	top	
10	articles	 in	Figure	4.	On	 the	 flip	side,	 some	research	results	with	 fewer	or	no	citations	are	due	 to	
several	 factors,	 such	as	 the	recency	of	 the	publication	of	new	publications	 this	year	and	 the	specific	
focus	 of	 the	 research.	 Overall,	 the	 overview	 of	 research	 has	 been	 influential	 in	 educational	 and	
biological	 assessment	 by	 highlighting	 key	 contributions	 in	 various	 assessment	 approaches.	 Further,	
identification	 is	 done	 on	 the	 research	 methods	 on	 biology	 learning	 outcomes	 that	 have	 been	
predominantly	 used	 over	 the	 past	 five	 years	 at	 various	 levels	 of	 education	 ranging	 from	 secondary	
school	 to	higher	 education.	 In	 summary,	 the	 type	of	 formative	 assessment	dominated	 this	 study,	 as	
shown	by	9	out	of	36	articles	that	used	formative	assessment	and	were	systematically	reviewed.		

The	data	presented	in	Figure	4	shows	that	at	the	secondary	school	level	in	Germany,	most	still	
use	observational	assessment	to	assess	student	behaviour	(Fiedler	et	al.,	2022;	Tomažič	et	al.,	2020).	
Meanwhile,	 self	 and	 peer	 assessment	 in	 India	 is	 becoming	 common	 in	 higher	 education,	 especially	
with	student-centered	 teaching	approaches	 (Kulkarni	&	Vartak,	2019).	On	 the	one	hand,	 summative	
assessment	 is	 commonly	 used	 in	 the	 United	 States	 for	 end-of-semester	 evaluations	 (Arneson	 &	
Offerdahl,	2018;	O’Connell	et	al.,	2021),	while	formative	assessment	provides	feedback	throughout	the	
learning	 process	 (Bassett	 et	 al.,	 2020;	 Hodges	 et	 al.,	 2021;	 Wilton	 et	 al.,	 2019).	 Performance	
assessments	 ask	 students	 to	 demonstrate	 specific	 skills,	 while	 technology-enhanced	 and	 diagnostic	
assessments	are	growing	(Irby	et	al.,	2018;	Knutstad	et	al.,	2021;	Tahir	et	al.,	2022).	On	the	other	hand,	
new	assessments	are	being	introduced	in	some	universities	with	innovative	evaluation	approaches	or	
criteria	 (Bertolini	et	al.,	2021;	Roberts	&	Shell,	2023).	All	 these	assessment	methods	aim	to	support	
student	 learning	 processes	 and	 outcomes,	 especially	 in	 biology	 education,	with	 holistic	 programme	
evaluation.	
	
Assessment	of	Biology	Learning	Outcomes	in	Education:	Challenges and Opportunities 
	
RQ3. What	 are	 the	 primary	 challenges	 and	 opportunities	 educators	 face	 in	 implementing	 effective	

assessment	methods	for	learning	outcomes	in	biology?	
	

Implementing	effective	assessment	methods	 for	biology	 learning	outcomes	has	challenges	and	
opportunities	for	educators	and	students	(Sakir	&	Kim,	2020;	Yustina	et	al.,	2020).	The	current	main	
focus	will	discuss	the	main	challenges	in	aligning	the	assessment	methods	utilized	with	the	expected	
learning	 outcomes.	 Particulary,	 biology	 education	 covers	 a	 wide	 range	 of	 topics	 and	 skills,	 from	
molecular	biology	to	ecology,	which	requires	diverse	assessment	approaches	to	adequately	measure	
students'	 abilities	 (Guttilla	Reed,	2021;	Hills	 et	 al.,	 2020;	Kushner,	2021).	Additionally,	designing	an	
assessment	system	that	accurately	and	precisely	reflects	 the	complexity	of	biological	concepts	while	
being	accessible	 to	students	with	different	backgrounds	and	abilities	can	be	challenging.	On	the	one	
hand,	 another	 challenge	 lies	 in	 integrating	 technology	 into	 assessment	 methods.	 While	 technology	
offers	 opportunities	 for	 innovative	 assessment	 approaches,	 such	 as	 virtual	 labs	 and	 online	 quizzes,	
educators	 must	 navigate	 issues	 related	 to	 digital	 literacy,	 access	 to	 technology,	 and	 ensuring	 the	
integrity	 of	 online	 assessments	 (Reen	 et	 al.,	 2021;	Wilton	 et	 al.,	 2019).	 Henceforth,	 effective	 use	 of	
technology-enhanced	 assessment	 methods	 requires	 training	 and	 support	 for	 both	 educators	 and	
students.	

Regardless	of	the	present	challenges,	this	research	has	significant	opportunities	for	educators	to	
implement	effective	assessment	methods	for	biology	learning	outcomes,	such	as	utilizing	augmented	
reality	 technology	 (Weng	 et	 al.,	 2020).	 One	 opportunity	 is	 the	 advancement	 of	 interdisciplinary	
approaches	to	assessment	(Burks,	2022).	Biology	education	 increasingly	 intersects	with	other	 fields,	
such	 as	 data	 science,	 bioinformatics,	 and	 environmental	 science	 (Clemmons	 et	 al.,	 2020;	 Labak	 &	
Blazetic,	2023;	Stanja	et	al.,	2023).	By	incorporating	interdisciplinary	assessment	methods,	educators	
can	give	students	a	deeper	understanding	of	biological	concepts	and	their	real-world	implementation.	
In	 addition,	 the	 growing	 emphasis	 on	 active	 learning	 and	 student-centered	 pedagogy	 creates	
opportunities	 for	 innovative	 assessment	 strategies	 (Carvalho	 et	 al.,	 2021;	 Suharti	 &	 Alen,	 2021).	
Formative	assessment	techniques,	peer	evaluation,	and	project-based	assessment	empower	students	
to	 take	charge	of	 their	 learning	and	engage	more	deeply	with	 the	subject	matter	(Guarracino,	2020;	
Hidayat	 &	 Irdiyansyah,	 2023).	 These	 approaches	 are	 not	 limited	 to	 providing	 educators	 with	
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fundamental	insights	into	student	understanding	but	always	encourage	the	ability	for	critical	thinking,	
collaboration,	and	communication	skills	among	students.	

In	conclusion,	while	implementing	effective	assessment	methods	for	biology	learning	outcomes	
poses	 challenges	 for	educators,	 it	 can	provide	opportunities	 for	pedagogical	 innovation	and	student	
empowerment	for	the	better.	By	overcoming	challenges	and	capitalizing	on	opportunities,	educators	
can	create	meaningful	learning	experiences,	thus	preparing	students	for	success	in	biology	education.	
By	 taking	 a	 holistic	 and	 sustainable	 approach	 to	 developing	 assessment	 methods,	 educators	 can	
ensure	that	assessments	are	not	 limited	to	measuring	students'	understanding	of	theoretical	biology	
concepts	but	also	encourage	them	to	develop	critical	 thinking	skills,	 scientific	reasoning,	and	a	deep	
curiosity	about	 the	universe.	Moreover,	practical	assessment	can	provide	valuable	 feedback,	helping	
students	 understand	 their	 strengths	 and	 weaknesses	 in	 learning	 biology	 and	 giving	 them	 clear	
directions	for	further	improvement.	Consequently,	effective	assessment	methods	are	about	assessing	
knowledge	 and	 facilitating	 students'	 growth	 and	 development	 as	 skilled	 and	 critical-thinking	
scientists.	
	
Assessment	of	Biology	Learning	Outcomes	in	Education:	Implications	and	Contributions 
	
RQ4. What	 are	 the	 implications	 and	 contributions	 of	 the	 changes	 of	 the	 last	 five	 years	 to	 future	

assessment	methods	in	biology	education?	
	
The	changes	in	the	last	five	years	have	significant	implications	for	future	assessment	methods	in	

biology	 education.	 One	 significant	 implication	 is	 the	 increasing	 integration	 of	 technology	 into	
assessment	 practices.	 The	 rapid	 advancement	 of	 digital	 tools	 and	 platforms	 offers	 opportunities	 to	
develop	 innovative	 assessment	 methods,	 such	 as	 virtual	 labs,	 simulations	 and	 online	 quizzes	
(Kabayiza	et	al.,	2022;	Reen	et	al.,	2021;	Tahir	et	al.,	2022).	These	technology-enhanced	assessments	
provide	 a	 more	 interactive	 and	 engaging	 learning	 experience	 for	 students	 and	 allow	 educators	 to	
collect	 real-time	 data	 on	 student	 performance,	 thus	 enabling	 more	 targeted	 interventions	 and	
feedback.	 Furthermore,	 an	 implication	 is	 the	 increasing	 recognition	 of	 the	 importance	 of	 assessing	
higher-order	 thinking	 skills	 in	 biology	 education.	 Traditionally,	 assessment	 in	 biology	 has	 focused	
heavily	on	factual	recall	and	procedural	knowledge	(Cardozo	et	al.,	2023).	Nonetheless,	there	is	a	shift	
towards	 assessing	 students'	 ability	 to	 apply	 knowledge,	 analyze	 data,	 and	 solve	 complex	 problems	
(Rodríguez	et	al.,	2019).	Future	assessment	methods	will	likely	emphasize	assessing	critical	thinking,	
scientific	 reasoning,	 and	 inquiry	 skills,	 reflecting	 the	 broader	 goal	 of	 science	 education	 to	 foster	
science-literate	citizens.	

Subsequently,	there	is	an	increasing	emphasis	on	equity,	diversity	and	inclusion	in	assessment	
practices	(Super	et	al.,	2021).	Educators	recognize	the	importance	of	designing	assessments	that	are	
accessible	 and	 culturally	 responsive	 to	 students	 from	 diverse	 backgrounds	 (Nortvedt	 et	 al.,	 2020;	
O’Leary	 et	 al.,	 2020)	 notably,	 in	 providing	 multiple	 means	 of	 representation,	 engagement,	 and	
expression	 in	assessments	 to	accommodate	different	 learning	styles,	preferences,	 and	needs.	Future	
assessment	methods	are	expected	to	prioritize	fairness,	validity,	and	inclusivity,	ensuring	all	students	
have	equal	opportunities	to	demonstrate	their	understanding	and	proficiency	in	biology.	Additionally,	
the	 COVID-19	 pandemic	 has	 accelerated	 the	 adoption	 of	 distance	 and	 online	 learning	 modalities,	
leading	to	re-evaluating	assessment	practices	in	virtual	environments	(Anderton	et	al.,	2021;	Reen	et	
al.,	 2021).	 Educators	 seek	 new	 ways	 to	 assess	 student	 learning	 remotely,	 utilizing	 technology	 and	
digital	 resources	 to	 design	 authentic	 and	meaningful	 assessments	 that	maintain	 academic	 integrity.	
Future	assessment	methods	will	 likely	continue	 to	evolve	 to	better	 suit	 the	needs	and	challenges	of	
online	and	hybrid	learning	environments,	ensuring	that	assessment	remains	an	adequate	measure	of	
student	learning	outcomes	in	biology	education.	Below	is	a	percentage	chart	showing	the	development	
of	the	assessment	of	biology	learning	outcomes	over	the	past	five	years,	as	shown	in	Figure	5.	
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Figure	5.	Percentage	of	Utilization	of	Assessment	Methods	from	Various	Publications	in	the	Last	5	Years	

	
The	pie	 chart	 in	Figure	5	 shows	 the	distribution	of	various	assessment	methods	 in	education,	

with	formative	assessment	dominating	at	25%.	This	method	involves	continuous	feedback	throughout	
the	learning	process,	allowing	educators	to	customize	their	teaching	approach	according	to	students'	
individual	 needs.	 Other	 essential	 methods	 include	 self-assessment,	 performance	 assessment,	 and	
summative	 assessment,	 each	 accounting	 for	 14%	 of	 the	 total,	 which	 supports	 self-reflection,	
evaluation	of	 practical	 skills,	 and	measurement	of	 learning	outcomes	 at	 the	 end	of	 the	 course.	 Peer	
assessment,	 which	 accounts	 for	 11%,	 prioritizes	 collaborative	 learning.	 Meanwhile,	 technology-
enhanced	 assessment	 and	 novel	 assessment,	 at	 5%	 each,	 integrate	 digital	 tools	 and	 innovative	
approaches	 in	assessment.	Diagnostic	assessments	 that	account	 for	4%	help	 identify	 students'	prior	
knowledge	and	misconceptions.	Other	methods	such	as	observational	assessment,	digital	rating	scales,	
programme	learning	outcomes,	rubrics,	and	checklists,	although	less	dominant	at	2%	each,	contribute	
significantly	 to	 a	 comprehensive	 assessment	 framework.	 This	 data	 demonstrates	 how	 a	 diverse	
approach	to	assessment	can	facilitate	improved	student	learning	outcomes.	

In	 summary,	 the	 changes	 in	 the	 past	 five	 years	 have	 extraordinary	 implications	 and	
contributions	to	future	assessment	methods	in	biology	education,	encouraging	innovation,	equity	and	
adaptability	 in	 assessment	 practices.	 By	 embracing	 technology,	 prioritizing	 higher-order	 thinking	
skills,	 promoting	 equity	 and	 inclusion,	 and	 responding	 to	 the	 evolving	 educational	 landscape,	
educators	can	develop	assessment	methods	to	meet	the	needs	of	students	better	and	prepare	them	to	
become	competent	in	the	future	biological	sciences.	
	
CONCLUSION		

This	 research	 has	 offered	 a	 detailed	 analysis	 of	 the	 progression	 in	 assessment	 techniques	 of	
biology	 learning	 outcomes	 in	 education	 from	 2018	 to	 2023.	 Utilizing	 the	 PRISMA	 approach	 and	
VOSviewer	analysis	on	36	articles	from	the	Scopus	database,	the	study	identified	the	increasing	use	of	
technology	in	assessment	and	the	dominance	of	formative	assessment	as	the	most	prevalent	method.	
The	 challenges	 educators	 face	 include	 the	 complexity	 of	 biological	 concepts	 and	 technology	
integration,	 while	 the	 emphasis	 on	 equity,	 diversity,	 and	 inclusion	 suggests	 a	 paradigm	 shift	 in	
assessment	practices.	Changes	in	the	past	five	years,	particularly	the	adoption	of	distance	and	online	
learning,	have	fueled	innovation	and	adaptation	in	assessment	methods,	highlighting	the	importance	
of	critical	thinking,	scientific	reasoning,	and	inquiry	skills.	This	research	also	highlights	the	importance	
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of	 interdisciplinarity	 and	 geographical	 diversity	 in	 assessment-related	 research	 contributions	 in	
biology	education.	
 
Limitations	and	Future	Work	

Although	this	study	has	provided	valuable	insights	into	the	evolution	of	assessment	methods	in	
biology	education	and	their	influence	on	student	learning	outcomes,	some	limitations	must	be	noted.	
Firstly,	 this	study	 is	 limited	 to	data	obtained	 from	the	Scopus	database	and	only	 includes	articles	 in	
English-language	journals,	which	may	not	include	all	relevant	research	conducted	in	other	languages	
or	published	outside	Scopus-indexed	journals.	Secondly,	although	the	PRISMA	approach	has	been	used	
to	 ensure	 rigour	 in	 literature	 selection,	 the	 selection	 of	 keywords	 and	 inclusion	 criteria	 may	 have	
limited	the	scope	of	studies	 identified.	Additionally,	 this	study	focused	on	assessing	biology	 learning	
outcomes	 without	 considering	 in	 depth	 the	 socio-economic	 and	 cultural	 context	 in	 which	 biology	
education	is	delivered,	which	may	affect	the	effectiveness	of	specific	assessment	methods.	

For	 future	 research,	 the	 authors	 recommend	 expanding	 the	 literature	 coverage	 to	 include	
studies	 from	 other	 databases	 such	 as	 Web	 of	 Science,	 PubMed,	 ERIC,	 and	 others,	 and	 articles	 in	
multiple	 languages	 to	 gain	 a	 more	 global	 perspective.	 Similarly,	 further	 research	 examining	 the	
influence	 of	 socio-economic	 and	 cultural	 contexts	 on	 the	 effectiveness	 of	 assessment	 methods	 in	
biology	education	would	be	valuable,	as	it	will	help	develop	more	inclusive	and	equitable	assessment	
strategies	that	can	be	adapted	to	meet	the	needs	of	diverse	student	populations.	
	
REFERENCES	
Abulibdeh,	A.,	Zaidan,	E.,	&	Abulibdeh,	R.	(2024).	Navigating	the	confluence	of	artificial	intelligence	and	

education	for	sustainable	development	in	the	era	of	industry	4.0:	Challenges,	opportunities,	and	
ethical	 dimensions.	 Journal	 of	 Cleaner	 Production,	 437,	 140527.	
https://doi.org/10.1016/j.jclepro.2023.140527	

Agus	 Supriyadi,	 Desy	 Desy,	 Yayat	 Suharyat,	 Tomi	 Apra	 Santosa,	 &	 Aulia	 Sofianora.	 (2023).	 The	
Effectiveness	of	STEM-Integrated	Blended	Learning	on	Indonesia	Student	Scientific	Literacy:	A	
Meta-analysis.	 International	 Journal	 of	 Education	 and	 Literature,	 2(1),	 41–48.	
https://doi.org/10.55606/ijel.v2i1.53	

Alam,	A.,	&	Mohanty,	A.	(2023).	Educational	technology:	Exploring	the	convergence	of	technology	and	
pedagogy	through	mobility,	interactivity,	AI,	and	learning	tools.	Cogent	Engineering,	10(2),	1–37.	
https://doi.org/10.1080/23311916.2023.2283282	

Alenezi,	 M.,	 Wardat,	 S.,	 &	 Akour,	 M.	 (2023).	 The	 Need	 of	 Integrating	 Digital	 Education	 in	 Higher	
Education:	 Challenges	 and	 Opportunities.	 Sustainability	 (Switzerland),	 15(6),	 1–12.	
https://doi.org/10.3390/su15064782	

Anderton,	 R.	 S.,	 Vitali,	 J.,	 Blackmore,	 C.,	 &	 Bakeberg,	 M.	 C.	 (2021).	 Flexible	 Teaching	 and	 Learning	
Modalities	in	Undergraduate	Science	Amid	the	COVID-19	Pandemic.	Frontiers	in	Education,	5,	1–
7.	https://doi.org/10.3389/feduc.2020.609703	

Arneson,	J.	B.,	&	Offerdahl,	E.	G.	(2018).	Visual	literacy	in	bloom:	Using	bloom’s	taxonomy	to	support	
visual	 learning	 skills.	CBE	Life	 Sciences	Education,	17(1),	1–8.	https://doi.org/10.1187/cbe.17-
08-0178	

Arthur,	P.	G.,	Zareie,	R.,	Kirkwood,	P.,	Ludwig,	M.,	&	Attwood,	P.	V.	(2018).	Grade	distribution	digests:	A	
novel	 tool	 to	enhance	 teaching	and	student	 learning	 in	 laboratory	practicals.	Biochemistry	and	
Molecular	Biology	Education,	46(2),	130–140.	https://doi.org/10.1002/bmb.21104	

Bahroun,	 Z.,	 Anane,	 C.,	 Ahmed,	 V.,	 &	 Zacca,	 A.	 (2023).	 Transforming	 Education:	 A	 Comprehensive	
Review	 of	 Generative	 Artificial	 Intelligence	 in	 Educational	 Settings	 through	 Bibliometric	 and	
Content	 Analysis.	 Sustainability	 (Switzerland),	 15(17),	 1–40.	
https://doi.org/10.3390/su151712983	

Banerjee,	 A.,	 Chakraborty,	 C.,	 Kumar,	 A.,	 &	 Biswas,	 D.	 (2019).	 Emerging	 trends	 in	 IoT	 and	 big	 data	
analytics	for	biomedical	and	health	care	technologies.	 In	Handbook	of	Data	Science	Approaches	
for	Biomedical	Engineering.	Elsevier	Inc.	https://doi.org/10.1016/B978-0-12-818318-2.00005-2	

Bassett,	K.,	Olbricht,	G.	R.,	&	Shannon,	K.	B.	(2020).	Student	Preclass	Preparation	by	Both	Reading	the	
Textbook	 and	 Watching	 Videos	 Online	 Improves	 Exam	 Performance	 in	 a	 Partially	 Flipped	
Course.	CBE:	Life	Sciences	Education,	19(3),	1–9.	https://doi.org/10.1187/cbe.19-05-0094	

Bertolini,	R.,	Finch,	S.	 J.,	&	Nehm,	R.	H.	 (2021).	Testing	 the	 Impact	of	Novel	Assessment	Sources	and	

https://doi.org/10.21009/biosferjpb.47179
https://issn.brin.go.id/terbit/detail/1180433305
https://doi.org/10.1016/j.jclepro.2023.140527
https://doi.org/10.55606/ijel.v2i1.53
https://doi.org/10.1080/23311916.2023.2283282
https://doi.org/10.3390/su15064782
https://doi.org/10.3389/feduc.2020.609703
https://doi.org/10.1187/cbe.17-08-0178
https://doi.org/10.1187/cbe.17-08-0178
https://doi.org/10.1002/bmb.21104
https://doi.org/10.3390/su151712983
https://doi.org/10.1016/B978-0-12-818318-2.00005-2
https://doi.org/10.1187/cbe.19-05-0094


 

	

10.21009/biosferjpb.47179	 Rahmi	et	al	 E-ISSN:	2614-3984	 22	

Machine	Learning	Methods	on	Predictive	Outcome	Modeling	in	Undergraduate	Biology.	Journal	
of	 Science	 Education	 and	 Technology,	 30(2),	 193–209.	 https://doi.org/10.1007/s10956-020-
09888-8	

Burks,	T.	N.	(2022).	Improving	Student	Attitudes	and	Academic	Performance	in	Introductory	Biology	
Using	a	Project-Based	Learning	Community.	Journal	of	Microbiology	&	Biology	Education,	23(1),	
1–9.	https://doi.org/10.1128/jmbe.00216-21	

Cardozo,	 L.	 T.,	 Lima,	 P.	O.	 de,	 Carvalho,	M.	 S.	M.,	 Casale,	K.	R.,	 Bettioli,	 A.	 L.,	 Azevedo,	M.	A.	R.	 de,	&	
Marcondes,	 F.	 K.	 (2023).	 Active	 learning	 methodology,	 associated	 to	 formative	 assessment,	
improved	cardiac	physiology	knowledge	and	decreased	pre-test	stress	and	anxiety.	Frontiers	in	
Physiology,	14(September),	1–10.	https://doi.org/10.3389/fphys.2023.1261199	

Carvalho,	A.,	Teixeira,	 S.	 J.,	Olim,	L.,	 Campanella,	 S.	de,	&	Costa,	T.	 (2021).	Pedagogical	 innovation	 in	
higher	 education	 and	 active	 learning	 methodologies	 –	 a	 case	 study.	 Education	 and	 Training,	
63(2),	195–213.	https://doi.org/10.1108/ET-05-2020-0141	

Clark,	 N.,	 &	 Hsu,	 J.	 L.	 (2023).	 Insight	 from	 Biology	 Program	 Learning	 Outcome :	 Implications	 for	
Teaching,	 Learning,	 and	 Assessment.	 CBE:	 Life	 Sciences	 Education,	 22(1),	 1–14.	
https://doi.org/10.1187/cbe.22-09-0177	

Clemmons,	A.	W.,	Timbrook,	 J.,	Herron,	 J.	C.,	&	Crowe,	A.	 J.	 (2020).	Bioskills	guide:	Development	and	
national	validation	of	a	tool	for	interpreting	the	vision	and	change	core	competencies.	CBE	Life	
Sciences	Education,	19(4),	1–19.	https://doi.org/10.1187/cbe.19-11-0259	

El	Islami,	R.	A.	Z.,	Xue,	S.,	Sari,	I.	J.,	Ngan,	L.	H.	M.,	Khwaengmake,	V.,	Khan,	S.,	Bien,	N.	Van,	Faikhamta,	C.,	
Khuyen,	N.	T.	T.,	&	Prasoplarb,	T.	(2022).	A	Comparison	of	School	Science	Curricula	of	Indonesia,	
Vietnam,	 and	 Thailand.	 Asia-Pacific	 Social	 Science	 Review,	 22(2),	 63–82.	
https://animorepository.dlsu.edu.ph/cgi/viewcontent.cgi?article=1421&context=apssr	

Fiedler,	S.	T.,	Heyne,	T.,	&	Bogner,	F.	X.	(2022).	Closing	the	Gap:	Potentials	of	ESE	Distance	Teaching.	
Sustainability	(Switzerland),	14(14),	1–18.	https://doi.org/10.3390/su14148330	

Filice,	D.	C.	S.,	Riedy,	J.	J.,	Heidemann,	M.	K.,	Smith,	J.	J.,	&	White,	P.	J.	T.	(2023).	Evaluating	introductory	
biology	student	perceptions	surrounding	the	use	of	integrative	cases	related	to	human	health	for	
evolution	 education.	 Evolution:	 Education	 and	 Outreach,	 16(1),	 1–9.	
https://doi.org/10.1186/s12052-023-00185-7	

Fitria,	D.,	Novia	Al	Husaeni,	D.,	Bayu	Dani	Nandiyanto,	A.,	Rokhman,	M.,	Chalim,	S.,	Chano,	J.,	Sh	Mahdi	
Al	 Obaidi,	 A.,	 &	 Roestamy,	 M.	 (2024).	 How	 Technology	 Can	 Change	 Educational	 Research?	
Definition,	Factors	for	Improving	Quality	of	Education	and	Computational	Bibliometric	Analysis.	
ASEAN	 Journal	 of	 Science	 and	 Engineering,	 4(2),	 127–166.	
https://doi.org/10.17509/ajse.v4i2.62045	

Fried,	 E.,	Martin,	A.,	 Esler,	A.,	 Tran,	A.,	&	Corwin,	 L.	 (2020).	Design-based	 learning	 for	 a	 sustainable	
future:	 student	 outcomes	 resulting	 from	 a	 biomimicry	 curriculum	 in	 an	 evolution	 course.	
Evolution:	Education	and	Outreach,	13(1),	1–22.	https://doi.org/10.1186/s12052-020-00136-6	

Gross,	 T.	 J.,	 Li,	 Q.,	 &	 Mccarroll,	 P.	 (2023).	 Preliminary	 Outcomes	 from	 a	 Learning	 Community	 to	
Increase	 Biology	 Course	 Knowledge.	 Journal	 of	 Biological	 Education,	 57(2),	 343–357.	
https://doi.org/10.1080/00219266.2021.1909639	

Guarracino,	 D.	 A.	 (2020).	 Creative	Adjustments	 to	 an	Undergraduate	 Chemical	 Biology	 Course	 from	
Research-Based	in-Person	to	All-Remote	Education	during	the	Onset	of	the	COVID-19	Pandemic.	
Journal	of	Chemical	Education,	1–7.	https://doi.org/10.1021/acs.jchemed.0c00719	

Guttilla	Reed,	I.	K.	(2021).	CUREing	cancer:	Development	and	implementation	of	a	molecular	biology-
focused	 course-based	 undergraduate	 research	 experience	 using	 a	 cancer	 cell	 culture	 model.	
Biochemistry	 and	 Molecular	 Biology	 Education,	 49(2),	 287–297.	
https://doi.org/10.1002/bmb.21452	

Hancock,	 D.,	 Hare,	 N.,	 Denny,	 P.,	 &	 Denyer,	 G.	 (2018).	 Improving	 large	 class	 performance	 and	
engagement	 through	 student-generated	 question	 banks.	 Biochemistry	 and	 Molecular	 Biology	
Education,	46(4),	306–317.	https://doi.org/10.1002/bmb.21119	

Hidayat,	 N.,	 &	 Irdiyansyah,	 I.	 (2023).	 Optimizing	 Academic	 Achievement	 through	 Comprehensive	
Integration	of	Formative	Assessment	 into	Teaching.	European	 Journal	of	Educational	Research,	
12(1),	71–85.	https://doi.org/10.12973/eu-	jer.12.1.71	

Hills,	 M.,	 Harcombe,	 K.,	 &	 Bernstein,	 N.	 (2020).	 Using	 anticipated	 learning	 outcomes	 for	 backward	
design	 of	 a	 molecular	 cell	 biology	 Course-based	 Undergraduate	 Research	 Experience.	

https://doi.org/10.21009/biosferjpb.47179
https://issn.brin.go.id/terbit/detail/1180433305
https://doi.org/10.1007/s10956-020-09888-8
https://doi.org/10.1007/s10956-020-09888-8
https://doi.org/10.1128/jmbe.00216-21
https://doi.org/10.3389/fphys.2023.1261199
https://doi.org/10.1108/ET-05-2020-0141
https://doi.org/10.1187/cbe.22-09-0177
https://doi.org/10.1187/cbe.19-11-0259
https://animorepository.dlsu.edu.ph/cgi/viewcontent.cgi?article=1421&context=apssr
https://doi.org/10.3390/su14148330
https://doi.org/10.1186/s12052-023-00185-7
https://doi.org/10.17509/ajse.v4i2.62045
https://doi.org/10.1186/s12052-020-00136-6
https://doi.org/10.1080/00219266.2021.1909639
https://doi.org/10.1021/acs.jchemed.0c00719
https://doi.org/10.1002/bmb.21452
https://doi.org/10.1002/bmb.21119


 

	

10.21009/biosferjpb.47179	 Rahmi	et	al	 E-ISSN:	2614-3984	 23	

Biochemistry	 and	 Molecular	 Biology	 Education,	 48(4),	 311–319.	
https://doi.org/10.1002/bmb.21350	

Hodges,	 G.	 W.,	 Oliver,	 J.	 S.,	 Jang,	 Y.,	 Cohen,	 A.,	 Ducrest,	 D.,	 &	 Robertson,	 T.	 (2021).	 Pedagogy,	
Partnership,	 and	 Collaboration:	 A	 Longitudinal,	 Empirical	 Study	 of	 Serious	 Educational	
Gameplay	in	Secondary	Biology	Classrooms.	Journal	of	Science	Education	and	Technology,	30(3),	
331–346.	https://doi.org/10.1007/s10956-020-09868-y	

Ifenthaler,	D.,	Schumacher,	C.,	&	Kuzilek,	 J.	 (2023).	 Investigating	students’	use	of	self-assessments	 in	
higher	 education	 using	 learning	 analytics.	 Journal	 of	 Computer	 Assisted	 Learning,	39(1),	 1–14.	
https://doi.org/10.1111/jcal.12744	

Ilma,	 A.	 Z.,	 Wilujeng,	 I.,	 Widowati,	 A.,	 Nurtanto,	 M.,	 &	 Kholifah,	 N.	 (2023).	 A	 Systematic	 Literature	
Review	of	STEM	Education	in	Indonesia	(2016-2021):	Contribution	to	Improving	Skills	 in	21st	
Century	 Learning.	 Pegem	 Egitim	 ve	 Ogretim	 Dergisi,	 13(2),	 134–146.	
https://doi.org/10.47750/pegegog.13.02.17	

Irby,	 S.	M.,	Pelaez,	N.	 J.,	&	Anderson,	T.	R.	 (2018).	Anticipated	 learning	outcomes	 for	a	biochemistry	
course-based	 undergraduate	 research	 experience	 aimed	 at	 predicting	 protein	 function	 from	
structure:	 Implications	 for	 assessment	 design.	 Biochemistry	 and	 Molecular	 Biology	 Education,	
46(5),	478–492.	https://doi.org/10.1002/bmb.21173	

Kabayiza,	F.,	Woodruff,	 S.	B.,	&	Bauer,	W.	 J.	 (2022).	The	Gamification	of	XFEL	Education	Using	XFEL	
Crystal	Blaster.	Crystals	(Switzerland),	12(5),	1–9.	https://doi.org/10.3390/cryst12050671	

Katzman,	S.	D.,	Hurst-Kennedy,	J.,	Barrera,	A.,	Talley,	J.,	Javazon,	E.,	Diaz,	M.,	&	Anzovino,	M.	E.	(2021).	
The	Effect	of	Specifications	Grading	on	Students’	Learning	and	Attitudes	 in	an	Undergraduate-
Level	 Cell	 Biology	 Course.	 Journal	 of	 Microbiology	 &	 Biology	 Education,	 22(3),	 1–8.	
https://doi.org/10.1128/jmbe.00200-21	

Knutstad,	U.,	Småstuen,	M.	C.,	&	Jensen,	K.	T.	(2021).	Teaching	bioscience	to	nursing	students—What	
works?	Nursing	Open,	8(2),	990–996.	https://doi.org/10.1002/nop2.709	

Kulkarni,	 A.,	 &	Vartak,	 R.	 (2019).	 A	module	 integrating	 conventional	 teaching	 and	 student-centered	
approach	 for	 critical	 reading	 of	 scientific	 literature.	 Biochemistry	 and	 Molecular	 Biology	
Education,	47(5),	581–588.	https://doi.org/10.1002/bmb.21281	

Kumar,	A.,	Khader,	A.,	 Saudagar,	 J.,	Alkhathami,	M.,	Alsamani,	B.,	Khan,	M.	B.,	Hoque,	M.,	Hasanat,	A.,	
Ahmed,	Z.	H.,	Kumar,	A.,	&	Srinivasan,	B.	(2023).	Gamified	Learning	and	Assessment	Using	ARCS	
with	 Next-Generation	 AIoMT	 Integrated	 3D	 Animation	 and	 Virtual	 Reality	 Simulation.	
Electronics	(Switzerland),	12(4),	1–16.	https://doi.org/10.3390/electronics12040835	

Kushner,	D.	B.	 (2021).	 Introducing	SELEX	via	a	semester-long	course-based	undergraduate	research	
experience	 (CURE).	 Biochemistry	 and	 Molecular	 Biology	 Education,	 49(4),	 605–618.	
https://doi.org/10.1002/bmb.21519	

Labak,	 I.,	 &	 Blazetic,	 S.	 (2023).	 A	 successful	 learning	 environment	 for	 biology	 teachers	 in	 higher	
education:	 Needs	 assessment.	 Journal	 of	 Education	 and	 E-Learning	 Research,	 10(3),	 530–538.	
https://doi.org/10.20448/jeelr.v10i3.4919	

Lindner,	 K.	 T.,	 Schwab,	 S.,	 Emara,	M.,	 &	 Avramidis,	 E.	 (2023).	 Do	 teachers	 favor	 the	 inclusion	 of	 all	
students?	A	systematic	review	of	primary	schoolteachers’	attitudes	towards	inclusive	education.	
European	 Journal	 of	 Special	 Needs	 Education,	 38(6),	 766–787.	
https://doi.org/10.1080/08856257.2023.2172894	

Lovren,	 V.	 O.,	 &	 Jablanovic,	 M.	 M.	 (2023).	 Bridging	 the	 Gap:	 The	 Affective	 Dimension	 of	 Learning	
Outcomes	 in	 Environmental	 Primary	 and	 Secondary	 Education.	 Sustainability	 (Switzerland),	
15(8),	1–12.	https://doi.org/10.3390/su15086370	

Marougkas,	 A.,	 Troussas,	 C.,	 Krouska,	 A.,	 &	 Sgouropoulou,	 C.	 (2023).	 Virtual	 Reality	 in	 Education:	 A	
Review	 of	 Learning	 Theories,	 Approaches	 and	Methodologies	 for	 the	 Last	 Decade.	Electronics	
(Switzerland),	12(13),	1–21.	https://doi.org/10.3390/electronics12132832	

McAllister,	 J.	 T.,	 Lennertz,	 L.,	 &	 Atencio	 Mojica,	 Z.	 (2022).	 Mapping	 A	 Discipline:	 A	 Guide	 to	 Using	
VOSviewer	 for	Bibliometric	 and	Visual	Analysis.	Science	and	Technology	Libraries,	41(3),	319–
348.	https://doi.org/10.1080/0194262X.2021.1991547	

Moosvi,	F.,	&	Bates,	S.	(2023).	Authentic	and	inclusive	(summative)	assessments.	Effective	Teaching	in	
Large	STEM	Classes,	5.1-5.20.	https://doi.org/10.1088/978-0-7503-5231-4CH5	

Muthanna,	 A.,	 &	 Sang,	 G.	 (2023).	 A	 Conceptual	 Model	 of	 the	 Factors	 Affecting	 Education	 Policy	
Implementation.	Education	Sciences,	13(3),	1–23.	https://doi.org/10.3390/educsci13030260	

https://doi.org/10.21009/biosferjpb.47179
https://issn.brin.go.id/terbit/detail/1180433305
https://doi.org/10.1002/bmb.21350
https://doi.org/10.1007/s10956-020-09868-y
https://doi.org/10.1111/jcal.12744
https://doi.org/10.47750/pegegog.13.02.17
https://doi.org/10.1002/bmb.21173
https://doi.org/10.3390/cryst12050671
https://doi.org/10.1128/jmbe.00200-21
https://doi.org/10.1002/nop2.709
https://doi.org/10.1002/bmb.21281
https://doi.org/10.3390/electronics12040835
https://doi.org/10.1002/bmb.21519
https://doi.org/10.20448/jeelr.v10i3.4919
https://doi.org/10.1080/08856257.2023.2172894
https://doi.org/10.3390/su15086370
https://doi.org/10.3390/electronics12132832
https://doi.org/10.1080/0194262X.2021.1991547
https://doi.org/10.1088/978-0-7503-5231-4CH5
https://doi.org/10.3390/educsci13030260


 

	

10.21009/biosferjpb.47179	 Rahmi	et	al	 E-ISSN:	2614-3984	 24	

Naghdipour,	B.,	&	Manca,	S.	(2022).	Teaching	presence	in	students’	WhatsApp	groups:	Affordances	for	
language	 learning.	 E-Learning	 and	 Digital	 Media,	 20(3),	 282–299.	
https://doi.org/10.1177/20427530221107968	

Nortvedt,	 G.	 A.,	Wiese,	 E.,	 Brown,	 M.,	 Burns,	 D.,	 McNamara,	 G.,	 O’Hara,	 J.,	 Altrichter,	 H.,	 Fellner,	 M.,	
Herzog-Punzenberger,	 B.,	 Nayir,	 F.,	 &	 Taneri,	 P.	 O.	 (2020).	 Aiding	 culturally	 responsive	
assessment	 in	 schools	 in	 a	 globalising	 world.	 Educational	 Assessment,	 Evaluation	 and	
Accountability,	32(1),	5–27.	https://doi.org/10.1007/s11092-020-09316-w	

O’Connell,	K.,	Hoke,	K.,	Berkowitz,	A.,	Branchaw,	J.,	&	Storksdieck,	M.	(2021).	Undergraduate	learning	
in	 the	 field:	 Designing	 experiences,	 assessing	 outcomes,	 and	 exploring	 future	 opportunities.	
Journal	 of	 Geoscience	 Education,	 69(4),	 387–400.	
https://doi.org/10.1080/10899995.2020.1779567	

O’Leary,	E.	S.,	Shapiro,	C.,	Toma,	S.,	Sayson,	H.	W.,	Levis-Fitzgerald,	M.,	Johnson,	T.,	&	Sork,	V.	L.	(2020).	
Creating	 inclusive	 classrooms	 by	 engaging	 STEM	 faculty	 in	 culturally	 responsive	 teaching	
workshops.	 International	 Journal	 of	 STEM	 Education,	 7(1),	 1–15.	
https://doi.org/10.1186/s40594-020-00230-7	

Page,	M.	 J.,	 McKenzie,	 J.	 E.,	 Bossuyt,	 P.	 M.,	 Boutron,	 I.,	 Hoffmann,	 T.	 C.,	 Mulrow,	 C.	 D.,	 Shamseer,	 L.,	
Tetzlaff,	 J.	M.,	Akl,	E.	A.,	Brennan,	S.	E.,	Chou,	R.,	Glanville,	 J.,	Grimshaw,	 J.	M.,	Hróbjartsson,	A.,	
Lalu,	M.	M.,	Li,	T.,	Loder,	E.	W.,	Mayo-Wilson,	E.,	McDonald,	S.,	…	Moher,	D.	(2021).	The	PRISMA	
2020	statement:	An	updated	guideline	for	reporting	systematic	reviews.	International	Journal	of	
Surgery,	88,	105906.	https://doi.org/10.1016/j.ijsu.2021.105906	

Prasetya,	F.,	Fajri,	B.	R.,	Wulansari,	R.	E.,	Primawati,	&	Fortuna,	A.	(2023).	Virtual	Reality	Adventures	as	
an	 Effort	 to	 Improve	 the	 Quality	 of	 Welding	 Technology	 Learning	 During	 a	 Pandemic.	
International	 Journal	 of	 Online	 and	 Biomedical	 Engineering	 (IJOE),	 19(2),	 4–22.	
https://doi.org/10.3991/ijoe.v19i02.35447	

Prasetya,	F.,	Fortuna,	A.,	Samala,	A.	D.,	Fajri,	B.	R.,	Efendi,	F.,	&	Nyamapfene,	A.	(2023).	Effectiveness	of	
Distance	Learning	Computer	Numerical	Control	Based	on	Virtual	Laboratory	Using	a	Metaverse	
Platform	 to	 Improve	 Students’	 Cognitive	 Ability	 and	 Practice	 Skills.	 International	 Journal	 of	
Interactive	Mobile	Technologies	(IJIM),	17(24),	4–21.	https://doi.org/10.3991/ijim.v17i24.45019	

Reen,	F.	 J.,	 Jump,	O.,	McSharry,	B.	P.,	Morgan,	 J.,	Murphy,	D.,	O’Leary,	N.,	O’Mahony,	B.,	 Scallan,	M.,	&	
Supple,	B.	(2021).	The	Use	of	Virtual	Reality	in	the	Teaching	of	Challenging	Concepts	in	Virology,	
Cell	 Culture	 and	 Molecular	 Biology.	 Frontiers	 in	 Virtual	 Reality,	 2(May),	 1–9.	
https://doi.org/10.3389/frvir.2021.670909	

Roberts,	L.	A.,	&	Shell,	S.	S.	(2023).	A	research	program-linked,	course-based	undergraduate	research	
experience	that	allows	undergraduates	to	participate	in	current	research	on	mycobacterial	gene	
regulation.	Frontiers	in	Microbiology,	13,	1–15.	https://doi.org/10.3389/fmicb.2022.1025250	

Rodríguez,	G.,	Pérez,	N.,	Núñez,	G.,	Baños,	J.	E.,	&	Carrió,	M.	(2019).	Developing	creative	and	research	
skills	 through	 an	 open	 and	 interprofessional	 inquiry-based	 learning	 course.	 BMC	 Medical	
Education,	19(1),	1–13.	https://doi.org/10.1186/s12909-019-1563-5	

Sakir,	 N.	 A.	 I.,	 &	 Kim,	 J.	 G.	 (2020).	 Enhancing	 Students’	 Learning	 Activity	 and	 Outcomes	 via	
Implementation	 of	 Problem-based	 Learning.	 Eurasia	 Journal	 of	 Mathematics,	 Science	 and	
Technology	Education,	16(12),	1–12.	https://doi.org/10.29333/ejmste/9344	

Samala,	A.	D.,	Govender,	T.,	Tsoy,	D.,	Bojic,	L.,	Samala,	A.	G.,	Samala,	M.	P.,	Prasetya,	F.,	Tri,	D.,	Yanto,	P.,	
Zainul,	R.,	&	Fortuna,	A.	 (2024).	3D	Visualizations	 in	Learning :	An	Evaluation	of	an	AR	+	Core	
Application	for	Computer	Hardware	Education	using	the	Hedonic	Motivation	System	Adoption	
Model.	TEM	Journal,	13(1),	466–475.	https://doi.org/10.18421/TEM131-48	

Sari,	M.	S.,	Sunarmi,	S.,	Sulasmi,	E.	S.,	&	Mawaddah,	K.	(2019).	Formative	Assessment	in	Project-based	
Learning:	Supporting	Alternative	on	the	Learning	Outcome	of	Biology	Students	in	University.	AIP	
Conference	Proceedings,	1–5.	https://doi.org/10.1063/1.5115709	

Sheikhpour,	M.,	Arabi,	M.,	Kasaeian,	A.,	Rabei,	A.	R.,	&	Taherian,	Z.	(2020).	Role	of	nanofluids	in	drug	
delivery	 and	 biomedical	 technology:	 Methods	 and	 applications.	 Nanotechnology,	 Science	 and	
Applications,	13,	47–59.	https://doi.org/10.2147/NSA.S260374	

Stanja,	J.,	Gritz,	W.,	Krugel,	J.,	Hoppe,	A.,	&	Dannemann,	S.	(2023).	Formative	assessment	strategies	for	
students’	 conceptions—The	 potential	 of	 learning	 analytics.	 British	 Journal	 of	 Educational	
Technology,	54(1),	58–75.	https://doi.org/10.1111/bjet.13288	

Suharti,	N.,	&	Alen,	Y.	(2021).	Development	of	Active	Learning	and	Assessment	Combination	of	Teacher	

https://doi.org/10.21009/biosferjpb.47179
https://issn.brin.go.id/terbit/detail/1180433305
https://doi.org/10.1177/20427530221107968
https://doi.org/10.1007/s11092-020-09316-w
https://doi.org/10.1080/10899995.2020.1779567
https://doi.org/10.1186/s40594-020-00230-7
https://doi.org/10.1016/j.ijsu.2021.105906
https://doi.org/10.3991/ijoe.v19i02.35447
https://doi.org/10.3991/ijim.v17i24.45019
https://doi.org/10.3389/frvir.2021.670909
https://doi.org/10.3389/fmicb.2022.1025250
https://doi.org/10.1186/s12909-019-1563-5
https://doi.org/10.29333/ejmste/9344
https://doi.org/10.18421/TEM131-48
https://doi.org/10.1063/1.5115709
https://doi.org/10.2147/NSA.S260374
https://doi.org/10.1111/bjet.13288


 

	

10.21009/biosferjpb.47179	 Rahmi	et	al	 E-ISSN:	2614-3984	 25	

Centre	Learning	and	Student	Centre	Learning	for	Undergraduate	Cell	Biology.	Proceedings	of	the	
3rd	International	Conference	on	Educational	Development	and	Quality	Assurance,	506,	621–626.	
https://doi.org/10.2991/assehr.k.210202.108	

Super,	L.,	Hofmann,	A.,	Leung,	C.,	Ho,	M.,	Harrower,	E.,	Adreak,	N.,	&	Manesh,	Z.	R.	 (2021).	Fostering	
equity,	diversity,	and	inclusion	in	large,	first-year	classes:	Using	reflective	practice	questions	to	
promote	universal	design	for	 learning	 in	ecology	and	evolution	 lessons.	Ecology	and	Evolution,	
11(8),	3447–3655.	https://doi.org/10.1002/ece3.6960	

Svensäter,	G.,	&	Rohlin,	M.	(2023).	Assessment	model	blending	formative	and	summative	assessments	
using	 the	 SOLO	 taxonomy.	 European	 Journal	 of	 Dental	 Education,	 27(1),	 149–157.	
https://doi.org/10.1111/eje.12787	

Tahir,	I.,	Mierlo,	V.	Van,	Radauskas,	V.,	Yeung,	W.,	Tracey,	A.,	&	Silva,	R.	da.	(2022).	Blended	learning	in	
a	 biology	 classroom:	 Pre-pandemic	 insights	 for	 post-pandemic	 instructional	 strategies.	 FEBS	
Openbio,	12,	1286–1305.	https://doi.org/10.1002/2211-5463.13421	

Tomažič,	I.,	Hummel,	E.,	Schrenk,	M.,	Rupnik,	T.,	&	Randler,	C.	(2020).	Cognitive	and	affective	outcomes	
of	teaching	about	poisonous	and	venomous	animals.	Journal	of	Biological	Education,	54(1),	63–
76.	https://doi.org/10.1080/00219266.2018.1546757	

Van	 Stry,	 M.,	 Gaber,	 F.,	 Farrakhan-Gooch,	 A.,	 Jones,	 C.,	 Sklensky,	 D.,	 &	 Ude,	 M.	 (2019).	 Engaging	
Students	 with	 Flipped	 Classrooms	 and	 Course-Based	 Undergraduate	 Research	 Experiences	
[Chapter].	ACS	Symposium	Series,	1328,	21–47.	https://doi.org/10.1021/bk-2019-1328.ch003	

Vázquez-Villegas,	 P.,	 Mejía-Manzano,	 L.	 A.,	 Sánchez-Rangel,	 J.	 C.,	 &	Membrillo-Hernández,	 J.	 (2023).	
Scientific	Method’s	Application	Contexts	for	the	Development	and	Evaluation	of	Research	Skills	
in	 Higher-Education	 Learners.	 Education	 Sciences,	 13(1),	 1–18.	
https://doi.org/10.3390/educsci13010062	

Wakefield,	 A.,	 Pike,	 R.,	 &	 Amici-Dargan,	 S.	 (2023).	 Learner-generated	 podcasts:	 an	 authentic	 and	
enjoyable	 assessment	 for	 students	 working	 in	 pairs.	 Assessment	 and	 Evaluation	 in	 Higher	
Education,	48(7),	1025–1037.	https://doi.org/10.1080/02602938.2022.2152426	

Waskito,	 Fortuna,	A.,	 Prasetya,	 F.,	Wulansari,	 R.	 E.,	Nabawi,	 R.	 A.,	&	 Luthfi,	 A.	 (2024).	 Integration	 of	
Mobile	Augmented	Reality	Applications	for	Engineering	Mechanics	Learning	with	Interacting	3D	
Objects	 in	 Engineering	 Education.	 International	 Journal	 of	 Information	 and	 Education	
Technology,	14(3),	354–361.	https://doi.org/10.18178/ijiet.2024.14.3.2057	

Weng,	C.,	Otanga,	S.,	Christianto,	S.	M.,	&	Chu,	R.	J.	C.	(2020).	Enhancing	Students’	Biology	Learning	by	
Using	Augmented	Reality	as	a	Learning	Supplement.	Journal	of	Educational	Computing	Research,	
58(4),	747–770.	https://doi.org/10.1177/0735633119884213	

Wilton,	M.,	Gonzalez-Niño,	E.,	McPartlan,	P.,	Terner,	Z.,	Christoffersen,	R.	E.,	&	Rothman,	 J.	H.	 (2019).	
Improving	academic	performance,	belonging,	and	retention	 through	 increasing	structure	of	an	
introductory	 biology	 course.	 CBE	 Life	 Sciences	 Education,	 18(4),	 1–13.	
https://doi.org/10.1187/cbe.18-08-0155	

Xie,	 J.,	 &	 Correia,	 A.	 P.	 (2024).	 The	 effects	 of	 instructor	 participation	 in	 asynchronous	 online	
discussions	 on	 student	 performance:	 A	 systematic	 review.	 British	 Journal	 of	 Educational	
Technology,	55(1),	71–89.	https://doi.org/10.1111/bjet.13350	

Yustina,	Syafii,	W.,	&	Vebrianto,	R.	(2020).	The	effects	of	blended	learning	and	project-based	learning	
on	pre-service	biology	teachers’	creative	thinking	skills	through	online	learning	in	the	COVID-19	
pandemic.	 Jurnal	 Pendidikan	 IPA	 Indonesia,	 9(3),	 408–420.	
https://doi.org/10.15294/jpii.v9i3.24706	

Zhan,	 Z.,	 &	Niu,	 S.	 (2023).	 Subject	 integration	 and	 theme	 evolution	 of	 STEM	 education	 in	 K-12	 and	
higher	 education	 research.	 Humanities	 and	 Social	 Sciences	 Communications,	 10(1),	 1–13.	
https://doi.org/10.1057/s41599-023-02303-8	

	

https://doi.org/10.21009/biosferjpb.47179
https://issn.brin.go.id/terbit/detail/1180433305
https://doi.org/10.2991/assehr.k.210202.108
https://doi.org/10.1002/ece3.6960
https://doi.org/10.1111/eje.12787
https://doi.org/10.1002/2211-5463.13421
https://doi.org/10.1080/00219266.2018.1546757
https://doi.org/10.1021/bk-2019-1328.ch003
https://doi.org/10.3390/educsci13010062
https://doi.org/10.1080/02602938.2022.2152426
https://doi.org/10.18178/ijiet.2024.14.3.2057
https://doi.org/10.1177/0735633119884213
https://doi.org/10.1187/cbe.18-08-0155
https://doi.org/10.1111/bjet.13350
https://doi.org/10.15294/jpii.v9i3.24706
https://doi.org/10.1057/s41599-023-02303-8

