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	 Currently,	 technology	has	become	an	 inseparable	part	of	 education	
and	learning.	Various	digital	learning	tools	have	been	developed	and	
widely	used	in	the	classroom.	eLEMA	(electronic	learning	materials)	
was	developed	as	a	mobile	application	that	supports	learning	in	the	
Invertebrate	 Zoology	 courses	 at	 the	 Biology	 Education	 Program,	
University	of	Palangka	Raya.	At	that	time,	eLEMA	was	developed	to	
meet	 the	 need	 for	 electronic	 learning	materials	 for	 online	 learning	
during	the	COVID-19	pandemic.	Along	with	the	rapid	development	of	
technology	in	recent	years,	eLEMA	needs	to	be	developed	further	for	
updates.	This	research	aims	to	develop	eLEMA	2.0	for	the	Invertebrate	
Zoology	 course.	 This	 study	 is	 a	 research	 and	development	 (R	&	D)	
using	Hannafin	&	Peck	development	model	to	develop	eLEMA	2.0	for	
the	Invertebrate	Zoology	course	on	the	Phylum	Arthropoda	topic.	The	
development	product	is	the	eLEMA	2.0	application	for	lectures	on	the	
Phylum	 Arthropoda	 topic	 in	 the	 Invertebrate	 Zoology	 course	 with	
improvements	 to	 the	 user	 interface	 and	 additional	 features	 that	
support	 participatory	 learning	 and	 student-centered	 learning.	 The	
results	of	trials	and	validation	show	that	all	pages	and	content	in	this	
application	were	successfully	opened	without	any	disturbing	errors.	
These	results	indicate	that	the	development	product	is	feasible	to	be	
implemented	in	the	classroom.	
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INTRODUCTION	
Science	and	technology	are	an	 integrated	part	of	modern	 life	and	have	developed	rapidly,	and	

have	almost	reached	all	aspects	of	human	life,	including	education.	Currently,	technology	has	become	
an	inseparable	part	of	education	and	learning	(Bulman	&	Fairlie,	2016;	Büyükbaykal,	2015;	Haleem	et	
al.,	2022;	Hamidi	et	al.,	2011;	Keengwe	&	Bhargava,	2014;	Rogers,	2000).	Most	educational	institutions	
worldwide,	 especially	 in	 developed	 countries,	 use	 digital	 systems	 in	 their	 management,	 including	
learning	management	systems	(LMS).	LMS	can	facilitate	and	support	the	academic	activities	of	teachers	
and	students,	especially	in	the	learning	process	(Balkaya	&	Akkucuk,	2021;	Bradley,	2021;	Furqon	et	al.,	
2023;	 Gunawan	 et	 al.,	 2024;	 Jamal	 &	 Shanaah,	 2011).	 Through	 LMS,	 teachers	 can	monitor	 student	
progress	 with	 learning	 history	 and	 record	 study	 results	 stored	 in	 the	 system.	 Technology	 has	
transformed	 traditional	 education	with	 its	 sophistication	 and	 convenience	 into	 futuristic	 education	
(Djafri	 et	 al.,	 2024;	 McCarthy	 et	 al.,	 2023;	 Mondragon-Estrada	 et	 al.,	 2023;	 Muir-Herzig,	 2004).	
Technology	 has	 changed	 traditional	 education	 (Pendy,	 2023;	 Yarychev	 &	 Mentsiev,	 2020)	 with	 its	
sophistication	and	convenience	into	futuristic	education.	The	learning	process	can	no	longer	only	be	
done	face-to-face,	it	can	now	be	done	using	distance	learning.	Visualization	of	abstract	concepts	is	now	
more	realistic	with	technology	that	can	help	teachers	convey	them	to	students,	and	students	are	helped	
to	gain	a	better	understanding.	

In	 learning,	 various	 digital	 tools	 have	 been	 developed	 and	 are	 widely	 used	 in	 classrooms	 to	
improve	student	 learning	processes	(Arif	et	al.,	2023;	Haryono	et	al.,	2021;	Hillman,	2014;	Reichert-
Schlax	et	al.,	2023)	including	digital	instruments	in	educational	testing	(Gierl	et	al.,	2023).	Effective	use	
of	 digital	 learning	 tools	 can	 improve	 learning	 achievement,	 increase	 student	 engagement,	 enhance	
pedagogical	practice,	and	facilitate	optimized	learning	(Carle	et	al.,	2009;	D’Angelo,	2018;	Ekanayake	&	
Wishart,	 2014;	 Lai	 &	 Bower,	 2019;	Mazer,	 2013;	Muir-Herzig,	 2004;	 Schindler	 et	 al.,	 2017).	 Digital	
learning	tools	as	a	part	of	the	integration	of	technology	in	education	can	help	facilitate	the	knowledge-
constructed	classroom	(Buckingham,	2003;	Guzman	&	Nussbaum,	2009;	Muir-Herzig,	2004).			

Haryono	et	al.	(2021)	have	developed	eLEMA	(electronic	learning	materials),	a	mobile	application	
that	supports	learning	in	Invertebrate	Zoology	courses	at	the	Biology	Education	Program,	University	of	
Palangka	Raya.	At	that	time,	eLEMA	was	developed	to	meet	the	need	for	electronic	learning	materials	
for	online	learning	during	the	COVID-19	pandemic.	The	content	provided	in	this	application	consists	of	
offline	content	that	can	be	accessed	by	students	without	an	internet	connection	and	online	content.	In	
addition,	Haryono	 et	 al.	 (2021)	outlined	 the	 advantages	 of	 eLEMA	as	 a	 digital	 learning	 tool,	 i.e.,	 (1)	
Mobile,	can	be	installed	on	Android	smartphones	without	minimum	specification	requirements;	(2)	Has	
a	content	navigation	menu	that	makes	it	easy	to	use;	(3)	Providing	offline	content	that	can	be	accessed	
by	students	without	an	internet	connection;	and	(4)	Its	use	can	be	combined	with	other	online	learning	
platforms,	such	as	Google	Classroom,	Zoom	Meeting,	etc.	Apart	from	the	Invertebrate	Zoology	course,	
eLEMA	has	also	been	developed	and	adopted	for	other	courses,	e.g.,	the	Peatland	Ecology	course	(Araina	
et	al.,	2021).	

Along	with	the	rapid	development	of	technology	in	recent	years,	eLEMA	needs	to	be	developed	
further	 for	 updates.	 Based	 on	 user	 feedback,	 several	 suggestions	 can	 be	 considered	 for	 further	
development	of	eLEMA,	especially	regarding	user	interfaces	that	are	not	eye	friendly.	This	research	aims	
to	develop	eLEMA	2.0	for	the	Invertebrate	Zoology	course	as	an	upgraded	version	of	previous	eLEMA.	

	
METHODS	
Research	Design	

This	study	is	a	research	and	development	(R	&	D)	using	the	Hannafin	&	Peck	development	model	
(Hannafin	&	Peck,	 1988)	 to	 develop	 eLEMA	2.0	 for	 the	 Invertebrate	 Zoology	 course	 on	 the	Phylum	
Arthropoda	topic.	The	Hannafin	&	Peck	development	model	was	chosen	due	to	 its	compatibility	and	
simplicity	 compared	 to	 the	 ADDIE	 development	 model.	 The	 Hannafin	 &	 Peck	 development	 model	
consists	of	 three	main	phases,	 i.e.,	Needs	Assessment,	Design,	 and	Develop	or	 Implement	which	are	
evaluated	and	revised	at	each	phase	(Figure	1).	
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Figure	1.	Hannafin	&	Peck	Development	Model	(Hannafin	&	Peck,	1988)	
	

Application	 developers,	 graphic	 designers	 and	 content	 developers	 are	 involved	 in	 this	
development.	Application	developers	are	 responsible	 for	designing	 flowcharts	and	building	 the	app.	
Graphic	 designers	 are	 responsible	 for	 designing	 graphic	 content	 such	 as	 logos,	 headers,	 and	 user	
interface	 layouts.	Content	developers	are	responsible	 for	collecting	and	reviewing	content	related	to	
Invertebrate	Zoology	that	will	be	included	in	the	application.	
	
Procedure	

Details	of	the	procedure	are	explained	as	follows:	
	
Needs	Assessment	

Needs	assessment	is	the	phase	where	requirements	and	problems	are	analyzed.	In	this	study,	the	
previous	version	of	eLEMA	(Haryono	et	al.,	2021)	was	analyzed	to	gather	 information	regarding	the	
requirements	of	the	product	development.	Other	information	was	collected	from	the	analysis	of	learning	
needs,	especially	in	the	Invertebrate	Zoology	course	in	the	Biology	Education	Program,	at	the	University	
of	Palangka	Raya,	Indonesia.		
	
Design	

In	 this	 phase,	 the	 product	 design	 is	 created	 based	 on	 the	 results	 of	 the	 needs	 analysis	 in	 the	
previous	phase,	including	flowcharts	and	graphic	components	(icons,	logos,	headers,	layouts,	etc.).	The	
graphical	components	of	the	product	are	designed	using	Adobe	Photoshop	CC®	(Adobe	Inc.,	2019).	
	
Develop	

The	product	begins	to	be	developed	in	this	phase	based	on	the	flowchart	design	that	has	been	
created	which	describes	how	the	application	runs.	The	product	was	developed	using	MIT	App	Inventor	
2,	a	visual	programming	website,	 to	build	 fully	 functional	apps	 for	smartphones,	especially	Android.	
Google	 Form	 services	 are	 also	 used	 to	 create	 several	 features	 in	 products	 such	 as	 Tests,	 Project	
Submissions,	and	Feedback.		
	
Trial	and	Validation	

The	testing	phase	is	carried	out	by	distributing	the	product	to	volunteer	users	to	use	and	validate	
whether	all	features	work	properly.	Six	participants	were	involved	in	this	trial.	The	developed	product	
is	 run-tested	 and	 validated	 using	 the	 Black-box	 testing	 method.	 Black-box	 testing	 is	 a	 method	 of	
software	functional	testing	without	checking	the	internal	structures	(Beizer	&	Wiley,	1996).	
	
RESULTS	AND	DISCUSSION	

The	development	product	is	the	eLEMA	2.0	application	for	lectures	on	the	Phylum	Arthropoda	
topic	 in	 the	 Invertebrate	 Zoology	 course	 with	 improvements	 to	 the	 user	 interface	 and	 additional	
features	that	support	participatory	learning	and	student-centered	learning.	This	new	feature	contains	
guidelines	 for	student	activities	 in	attending	 lectures,	 i.e.,	Discussion	Guides	and	Project	Assignment	
Guides.	With	 this	 new	 feature,	 it	 is	 hoped	 that	 students	 will	 gain	 meaningful	 learning	 experiences	
independently	 even	 in	 distance	 learning,	 as	 stated	 by	 Kerimbayev	 et	 al.	 (2023).	 The	 detailed	
development	results	are	explained	as	follows:	
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Analysis	Results	
The	previous	version	of	eLEMA	(Haryono	et	al.,	2021)	was	analyzed	to	serve	as	a	basis	for	the	

development	of	eLEMA	2.0.	Various	aspects	are	reviewed	including	user	interface	(visual	aspects)	and	
features.	The	analysis	results	are	summarized	in	the	following	Table	1.	

	
Table	1	
Analysis	Results	
No.	 Aspects	 Results	 Follow-Up	
1.	 User-Interface	

(Visual	Aspect)	
The	 user	 interface	 is	 not	 eye-
friendly;	 the	 color	 composition	 is	
not	harmonious.	

	
eLEMA	Previous	Version	

Redesign	 the	 user	 interface	with	 a	more	
harmonious	color	composition	to	produce	
an	eye-friendly	appearance.	

2.	 Features	 The	 feature	 only	 provides	 study	
materials	 and	 test	 instruments.	
Unavailability	 of	 features	 that	
support	 participatory	 learning	 and	
student-centered	learning.	

Add	 new	 features	 that	 support	
participatory	 learning	 and	 student-
centered	learning.	

	
Developed	Product	
General	Specification	

eLEMA	(electronic	learning	materials)	is	an	Android-based	learning	application	developed	for	
learning	activities	in	the	Biology	Education	Study	Program	as	electronic	teaching	materials.	The	product	
developed	is	eLEMA	version	2.0	which	was	created	using	the	visual	programming	method	using	MIT	
App	Inventor	2.	The	updates	to	eLEMA	2.0	include	the	addition	of	a	new	menu	that	supports	student	
discussion	activities,	i.e.,	the	Student	Activity	menu.	Detailed	eLEMA	2.0	specifications	are	presented	as	
follows:	

App	Name	 	 :	eLEMA	(Electronic	Learning	Materials)	
Version	 	 	 :	2.0	
Build	 	 	 :	2209	
Code	Name	 	 :	Arthropods	
Release	Date	 	 :	September	9th,	2023	
Extension	 	 :	.apk	
Size	 	 	 :	17.7	MB	
System	Requirement	 :	Android	5+	
Content	Availability	 :	Online	and	Offline	

	
Design:	Icon	&	Flowchart	

The	application	icon	based	on	the	new	eLEMA	main	logo	was	designed	using	Adobe	Photoshop	
CC®	with	blue	as	the	dominant	color.	The	new	eLEMA	main	logo	was	previously	released	on	the	eLEMA	
official	website	(link).	The	details	of	each	component	on	the	logo	are	presented	in	the	following	Figure	
2.	The	flowchart	(Figure	3)	illustrates	in	general	how	the	eLEMA	2.0	application	works.	Based	on	the	
flowchart	presented	in	Figure	2,	this	application	works	simply	to	make	it	easier	for	users	to	operate	it.	
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Figure	2.	eLEMA	2.0	Arthropods	Icon	Design	
	

	
Figure	3.	The	Flowchart	of	eLEMA	2.0	
	
Design:	User	Interface	(UI)	

The	interface	(UI)	is	designed	to	be	simple	with	a	dominant	flat	blue	color	(Figure	4	and	5).	For	
instance,	as	shown	in	Figure	3,	the	home	layout	consists	of	two	main	sections,	a	header	at	the	top	section	
and	buttons	at	the	bottom	section.	
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Figure	4.	eLEMA	2.0	User-Interface	(UI):	Home	Layout	
	
Features	

The	developed	eLEMA	2.0	has	2	main	menus	and	1	additional	menu	as	presented	in	the	following	
Table	 2.	 The	 features	 available	 in	 eLEMA	 2.0	 support	 the	 lecture	 process	 for	 Invertebrate	 Zoology	
courses,	especially	on	the	topic	of	Phylum	Arthropoda,	by	providing	adequate	reading	materials	and	
learning	media.	In	addition,	a	special	feature	(Student	Activities)	provides	guidance	on	student	activities	
such	as	discussions	and	project	assignments	to	support	participatory	and	student-centered	learning.	

	
Table	2	
eLEMA	2.0	Features	
No.	 Menu	 Sub	Menu	 Description	
1	 Main	Menu	 a. Arthropod	 Descriptions	

(Deskripsi	Arthropoda)	
b. eBook	 (Buku	 Ajar	

Elektronik)	
c. Supplementary	Materials	

(Suplemen	Materi)	
d. Video	 &	 Animation	

(Video	dan	Animasi)	
	

a. Arthropod	 Descriptions:	 This	 sub	
menu	contains	a	general	description	of	
the	 Phylum	 Arthropoda	 as	
introductory	material	

b. eBook:	 This	 sub	 menu	 provides	 an	
electronic	 textbook	 which	 contains	
complete	 material	 about	 the	 Phylum	
Arthropoda	which	 consists	 of	 4	main	
classes,	 i.e.,	 Insecta,	 Arachnida,	
Myriapoda,	and	Crustacea.		

c. Supplementary	 Materials:	 This	 sub	
menu	 provides	 supplementary	
material	 in	 the	 form	 of	 articles	 and	
textbooks	 related	 to	 the	 Phylum	
Arthropoda.	
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d. Video	 &	 Animation:	 This	 sub	 menu	
provides	 videos	 and	 animations	 as	
supporting	media	in	learning.	

2	 Student	Menu:	
Student	
Activities	

a. Activity	1	Discussion	
b. Activity	2	Project	
c. Activity	3	Submit	Project	
d. Activity	4	Test	
e. Activity	5	Feedback	

	

In	 general,	 this	 sub-menu	 contains	 guidelines	
for	student	activities	in	attending	lectures,	i.e.,	
Discussion	 Guides	 and	 Project	 Assignment	
Guides.	

3	 Additional	
Menu:	
About	eLEMA	

-	 In	 this	 additional	 menu	 general	 information	
about	 eLEMA	2.0	 is	 available,	 i.e.,	 application	
version,	developer	and	official	website.	

	
Trial	and	Validation	

Trial	 and	 validation	 aim	 to	 test	 the	 features	 of	 the	 eLEMA	 2.0	 application	 that	 have	 been	
developed	to	work	properly	before	being	implemented	in	lectures.	All	volunteers	involved	in	this	trial	
reported	their	experiences	while	using	the	app.	All	usage	reports	are	then	summarized	as	Black-box	test	
results	which	are	presented	in	detail	in	following	Table	3.	Based	on	these	results,	all	eLEMA	2.0	features	
generally	function	well.	All	pages	and	content	in	this	application	were	successfully	opened	without	any	
disturbing	errors.	These	results	indicate	that	the	development	product	is	feasible	to	be	implemented	in	
the	classroom.	
	
Table	3	
Black-box	test	results	
No.	 Features	 Expected	Result	 Actual	Result	 Validation	
Main	Menu	
1	 Button	1	

Arthropod	Descriptions	
(Deskripsi	Arthropoda)	

Action:	
Tap	the	button	
Output:	
displays	a	page	containing	a	
general	description	of	
arthropods		
	

the	page	containing	a	
general	description	of	
arthropods	is	displayed	
successfully	

Valid	

2	 Button	2:	
eBook	(Buku	Ajar)	

Action:	
Tap	the	button	
Output:	
displays	a	page	containing	the	
Arthropoda	electronic	
textbook	PDF	file	
	

the	page	containing	the	
Arthropoda	electronic	
textbook	PDF	file	is	
displayed	successfully	

Valid	

3	 Button	3:	
Supplementary	
Materials	
(Suplemen	Materi)	

Action	1:	
Tap	the	button	
Output	1:	
displays	a	page	that	lists	
supplementary	material	with	
a	link	to	open	the	document	
	
Action	2:	
Tap	each	button	on	the	
Supplementary	Materials	Page	
Output	2:	
displays	PDF	files	
	

the	page	that	lists	
supplementary	material	
with	a	link	to	open	the	
document	is	displayed	
successfully	
	
	
PDF	files	are	displayed	
successfully	

Valid	
	
	
	
	
	

	
Valid	

4	 Button	4:	
Video	&	Animation	
(Video	dan	Animasi)	

Action	1:	
Tap	the	button	
Output:	
displays	the	page	containing	
the	video	player	
	

the	page	containing	the	
video	player	is	displayed	
successfully	
	
	
	

Valid	
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Action	2:	
Tap	the	play	button	on	each	
video	
Output	2:	
Play	video	
	

Videos	are	played	
successfully	

Valid	

Student	Menu:	Student	Activities	
5	 Button	5:	

Activity	1	Discussion	
Action:	
Tap	the	button	
Output:	
displays	a	page	containing	the	
discussion	guide	
	

the	page	containing	the	
discussion	guide	is	displayed	
successfully	

Valid	

6	 Button	6:	
Activity	2	Project	

Action:	
Tap	the	button	
Output:	
displays	a	page	containing	the	
project	assignment	guide	
	

the	page	containing	the	
project	assignment	guide	is	
displayed	successfully	

Valid	

7	 Button	7:	
Activity	3	Submit	
Project	

Action:	
Tap	the	button	
Output:	
displays	a	page	containing	the	
project	submission	form	
	

the	page	containing	the	
project	submission	form	is	
displayed	successfully	

Valid	

8	 Button	8:	
Activity	4	Test	

Action:	
Tap	the	button	
Output:	
displays	a	page	containing	2	
test	options,	i.e.,	Pretest	&	
Posttest	
	

the	page	containing	2	test	
options	is	displayed	
successfully	

Valid	

9	 Button	9:	
Activity	5	Submit	
Feedbacks	

Action:	
Tap	the	button	
Output:	
displays	a	page	containing	the	
feedback	submission	form	
	

the	page	containing	the	
feedback	submission	form	is	
displayed	successfully	

Valid	

Additional	Menu	
10	 Button	10:	

About	eLEMA	
Action:	
Tap	the	button	
Output:	
displays	a	page	containing	
eLEMA	2.0	application	
information	
	

the	page	containing	eLEMA	
2.0	application	information	
is	displayed	successfully	

Valid	
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Figure	5.	eLEMA	2.0	main	features	
	
CONCLUSION	

The	development	product	is	the	eLEMA	2.0	application	for	lectures	on	the	Phylum	Arthropoda	
topic	 in	 the	 Invertebrate	 Zoology	 course	 with	 improvements	 to	 the	 user	 interface	 and	 additional	
features	 that	 support	participatory	 learning	and	student-centered	 learning.	The	 results	of	 trials	 and	
validation	show	that	all	pages	and	content	 in	 this	application	were	successfully	opened	without	any	
disturbing	errors.	These	results	indicate	that	the	development	product	is	ready	to	be	implemented	in	
the	classroom.	
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