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ABSTRACT	

This	study	aims	to	develop	an	environmentally	friendly	table	tennis	racket	
made	 from	 plastic	 waste	 as	 alternative	 sports	 equipment	 for	 schools,	
specifically	 to	 address	 the	 limitations	 of	 physical	 education	 learning	
facilities.	The	method	used	is	Research	and	Development	(R&D)	with	the	
Borg	 and	Gall	model	 through	 the	 stages	 of	 preliminary	 study,	 planning,	
product	creation,	 trials,	 revisions,	and	 final	product	 improvements.	This	
study	 was	 conducted	 at	 SMA	 Negeri	 1	 Pamotan	 involving	 physical	
education	teachers	and	students	as	research	subjects.	Data	were	collected	
using	 a	 five-point	 scale	 questionnaire	 from	1–5	 given	 to	media	 experts,	
subject	 matter	 experts,	 and	 students	 in	 small	 and	 large-scale	 trials.	
Furthermore,	 the	 data	 were	 analyzed	 descriptively	 quantitatively	 by	
calculating	the	average	value	to	determine	the	level	of	product	feasibility	
based	 on	 aspects	 of	 appearance,	 strength,	 comfort,	 ease	 of	 use,	 and	
learning	benefits.	The	results	showed	that	the	assessment	of	media	experts	
obtained	an	average	of	4.00	in	the	good	category,	while	the	subject	matter	
experts	obtained	an	average	of	4.75	in	the	very	good	category.	In	the	trial	
stage	for	students,	the	small	scale	obtained	an	average	value	of	4.86	and	
the	large	scale	4.62,	both	included	in	the	very	good	category.	These	results	
indicate	that	the	developed	product	has	good	quality	and	is	acceptable	to	
users	in	the	learning	process	at	school.	Based	on	these	results,	table	tennis	
rackets	made	from	plastic	waste	are	declared	suitable	for	use	as	alternative	
training	 tools	 and	 learning	 media	 in	 schools.	 In	 addition	 to	 its	 good	
function,	 this	 product	 is	 also	 educational	 because	 it	 can	 raise	 students'	
awareness	of	the	importance	of	recycling	and	environmental	care.	Thus,	
this	product	can	be	an	economical,	 innovative,	effective,	and	sustainable	
solution	to	support	table	tennis	learning	in	schools.	
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Introduction	

Developing	adequate	and	environmentally	friendly	table	tennis	training	equipment	
can	 be	 an	 effective	 way	 to	 address	 the	 lack	 of	 facilities	 in	 schools	 while	 supporting	
sustainable	 environmental	 programs	 (Hasmarita	 et	 al.,	 2025)	 .	 One	 innovation	 currently	
being	developed	is	modifying	table	tennis	rackets	using	plastic	waste.	Using	plastic	waste	as	
the	main	material	not	only	helps	reduce	the	pile	of	difficult-to-decompose	waste	but	also	
produces	 equipment	 that	 is	 inexpensive	 and	 easy	 to	manufacture	 locally	 (Jenabur	 et	 al.,	
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2024)	.	Several	studies	have	shown	that	plastic	waste	for	sports	equipment,	including	table	
tennis	rackets,	 can	produce	products	 that	are	 technically	standard	and	 function	well.	For	
example,	 a	 composite	 racket	 design	 made	 from	 wood	 and	 plastic	 waste	 has	 the	 same	
strength	and	weight	 as	 the	appropriate	 standard,	making	 it	 suitable	 for	 sports	 (Xu	et	 al.,	
2022)	 .	 Furthermore,	 used	 table	 tennis	 balls	 can	 be	 processed	 into	 useful	 items,	
demonstrating	the	great	potential	of	plastic	waste	in	the	world	of	efficient	sports	(Ochigue	
et	al.,	2025).	

By	 modifying	 table	 tennis	 rackets	 from	 plastic	 waste,	 schools	 can	 provide	 an	
environmentally	friendly	and	affordable	alternative.	This	not	only	reduces	equipment	costs	
but	 also	 provides	 valuable	 lessons	 for	 students	 about	 recycling	 and	 waste	 management	
(Royani	et	al.,	2025)	.	This	method	helps	make	schools	greener	while	improving	the	quality	
of	table	tennis	learning	in	the	long	term.	Furthermore,	modifying	rackets	from	plastic	waste	
has	environmental	benefits	(Bennett	&	Alexandridis,	2021)	.	Plastic	waste,	which	is	usually	
problematic	because	it	is	difficult	to	decompose,	can	be	transformed	into	useful	materials.	
Therefore,	 this	 innovation	helps	reduce	waste	around	schools	and	educates	students	and	
residents	about	creative	and	responsible	waste	management	(Ediputra	et	al.,	2025)	.	

In	 terms	 of	 cost,	 using	 plastic	waste	 to	make	 table	 tennis	 rackets	 is	 very	 efficient	
because	the	material	 is	waste-free	(Erhabor	&	Reis,	2026)	 .	The	manufacturing	process	is	
simple	 and	 uses	 recycled	materials,	 resulting	 in	 low	 production	 costs	 and	 the	 ability	 to	
produce	large	quantities	at	a	low	price.	This	helps	schools	with	limited	budgets	provide	good	
sports	equipment	(Royani	et	al.,	2025)	.	

Essentially,	 modifying	 table	 tennis	 rackets	 from	 plastic	 waste	 is	 an	 innovative	
solution	 that	 combines	 the	 functionality	 of	 sports	 equipment,	 is	 cost-effective,	 and	
environmentally	 friendly.	 It	 is	 hoped	 that	 this	 will	 improve	 the	 quality	 of	 table	 tennis	
instruction	in	schools	while	supporting	environmentally	friendly	sustainable	education.	

Research	methods	
This	research	is	a	research	and	development	(R&D)	that	focuses	on	the	production	of	

environmentally	 friendly	 table	 tennis	 racket	products	 as	 a	 replacement	 for	 school	 sports	
equipment.	The	development	approach	follows	the	Borg	and	Gall	model,	starting	from:	(1)	
Preliminary	 study	 and	 data	 collection;	 (2)	 Product	 or	 tool	 planning;	 (3)	 Initial	 product	
development;	(4)	Initial	field	trials;	(5)	Revisions	based	on	the	results	of	the	initial	trials;	(6)	
Main	field	trials;	(7)	Revisions	based	on	the	main	trials;	(8)	Testing	in	real	conditions;	(9)	
Final	product	revision;	(10)	Dissemination	and	implementation.	

The	 subjects	 of	 this	 study	were	 physical	 education	 teachers	 and	 students	 at	 SMA	
Negeri	1	Pamotan.	The	product	trial	was	conducted	in	two	stages:	a	small-scale	trial	and	a	
large-scale	trial,	to	measure	the	product's	feasibility	and	effectiveness.	

Data	collection	was	carried	out	through	a	questionnaire	based	on	a	five-point	scale	
(1–5)	ranging	from	"very	poor"	to	"very	good".	
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Table	1	Product	Assessment	Criteria	
Score Mark Category 

X > 4 .21 
3.40 < X ≤ 4.21 
2.60 < X ≤ 3.40 
1.79 < X ≤ 2.60 

X ≤ 1.79 

A 
B 
C 
D 
E 

Very good 
Good 

Adequate 
Not enough 
Very less 

	
This	 instrument	 assesses	 various	 aspects,	 such	 as	 product	 appearance,	 strength	 and	

durability,	 usability,	 and	 educational	 value.	 Data	 analysis	 used	 quantitative	 descriptive	
techniques	by	calculating	the	average	value	using	the	formula:	

𝑋̄ =
∑𝑋
𝑛	𝑥	𝑘 

Description:	 𝑋̄	is	 the	 average	 value,	 ∑X	 is	 the	 number	 of	 scores,	 n	 is	 the	 number	 of	
respondents	and	k	is	the	number	of	assessment	items.	This	calculation	refers	to	Sugiyono	
(2016).	For	data	analysis,	with	adjustments	𝑛	𝑥	𝑘because	the	data	comes	from	the	number	
of	respondents	multiplied	by	the	number	of	questionnaire	items.	Next,	the	average	results	
are	converted	into	a	five-scale	feasibility	category,	namely	very	good,	good,	adequate,	less,	
and	very	less,	as	a	basis	for	determining	the	feasibility	of	the	product	being	developed.	

	
Findings		

This	study	aims	to	develop	an	environmentally	friendly	table	tennis	racket	utilizing	
plastic	waste	 as	 an	 alternative	 sports	 equipment	 in	 schools.	The	 results	 showed	 that	 the	
developed	product	received	positive	evaluations	from	experts	and	students.	Validation	by	
media	experts	obtained	an	average	score	of	4.00,	categorized	as	good,	while	validation	by	
material	experts	obtained	an	average	score	of	4.75,	categorized	as	very	good.	The	findings	
indicate	 that	 the	 developed	 product	 has	 met	 the	 design,	 construction,	 and	 functionality	
requirements.	

The	results	of	the	student	trials	also	showed	a	positive	response.	The	small-scale	trial	
achieved	an	average	score	of	4.86,	while	the	large-scale	trial	achieved	an	average	score	of	
4.62.	Both	results	fall	within	the	excellent	category,	indicating	that	the	product	can	be	used	
effectively	 in	 learning	 activities.	 Compared	 to	 previous	 research	 that	 discussed	 general	
modifications	 to	 sports	 equipment,	 this	 study	 specifically	 produced	 a	 table	 tennis	 racket	
made	 from	 plastic	 waste,	 which	 also	 has	 educational	 value	 in	 raising	 environmental	
awareness.	

Sub	Findings	

Based	 on	 validation	 results	 from	 media	 experts,	 the	 product's	 appearance	 aspect	
achieved	an	average	score	of	4.06	(good	category).	Meanwhile,	the	construction	and	material	
aspects	achieved	an	average	score	of	3.80	(also	in	the	good	category).	Overall,	validation	by	
media	experts	resulted	in	an	average	score	of	4.00	(good	category).	Therefore,	the	developed	
product	is	declared	effective	for	use	in	the	learning	process.	

Table	2	Media	Expert	Validation	Results	
NO	 Aspects	 Question	 Score	 Means	 Category	
1	
2	

Appearance	 15	
5	

61	
19	

4	.06	
3.80	

Good	
Good	
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Construction	&	
materials	

	
20	

	
80	

	
4.00	

	
Good	

Means	
	

Based on validation results from experts in related fields, the product's functionality aspect 
received an average score of 4.90 (very good category). Meanwhile, the content aspect received 
an average score of 4.60 (very good category). Overall, validation from experts in related fields 
resulted in an average score of 4.75 (very good category). Therefore, the developed product is 
declared effective for use in the learning process. 
 
Table	3	Material	Validation	Results	

NO	 Aspects	 Question	 Score	 Means	 Category	
1	
2	
	

Functionality	
Contents	

10	
10	
	
20	

46	
49	
	
95	

4.90	
4.60	
	

4.75	

Very	good	
Very	good	

	
Very	good	Means	

 
Based on the results of a small-scale trial on 10 students, the product's Learning aspect 

achieved an average score of 4.83 (Very Good category). The Content aspect obtained an average 
score of 4.90, also included in the Very Good category. Overall, the respondents' scores resulted 
in an overall average of 4.86 (Very Good category). Thus, this product development is declared 
feasible and ready for use in learning activities. 
 
Table	4	Results	of	small-scale	survey	

NO	 Aspects	 Question	 Score	 Means	 Category	
1	
2	
	

Learning	
Contents	

10	
10	
	
20	

483	
490	
	

973	

4.83	
4.90	
	

4.86	

Very	good	
Very	good	

	
Very	good	Means	

 
Based on the results of a small-scale trial on 35 students, the product's learning aspect 

achieved an average score of 4.62 (Very Good category). The content aspect achieved an average 
score of 4.62, also included in the Very Good category. The overall score from respondents 
resulted in an overall average score of 4.62 (Very Good category). Thus, this product development 
is declared feasible and ready for use in learning activities. 
 
Table	5	Results	of	large-scale	survey	
	

NO	 Aspects	 Question	 Score	 Means	 Category	
1	
2	
	

Learning	
Contents	

10	
10	
	
20	

1,617	
1,618	
	

3,235	

4.62	
4.62	
	

4.62	

Very	good	
Very	good	

	
Very	good	Means	

	
Discussion	

The	research	results	show	that	the	developed	eco-friendly	table	tennis	racket	product	
has	a	high	level	of	feasibility,	both	from	expert	and	respondent	assessments.	Validation	from	
media	experts	reached	an	average	of	4	(Good	category),	while	validation	from	related	field	
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experts	 obtained	 4.75	 (Very	 Good	 category).	 This	 proves	 that	 the	 product	 has	 met	 the	
standards	of	appearance,	construction,	and	function	as	a	table	tennis	training	tool.	
Furthermore,	small-scale	trials	with	students	yielded	an	average	score	of	4.8	(Very	Good),	
and	 large-scale	 trials	 yielded	 an	 average	 score	 of	 4.6	 (Excellent).	 This	 confirms	 that	 the	
product	 is	 not	 only	 theoretically	 valid	 but	 also	 effective	 and	 well-received	 by	 users	 in	
learning.	

This	high	 level	of	 feasibility	aligns	with	Sugiyono's	 (2016)	view,	which	 states	 that	
R&D	products	are	 feasible	 if	 they	meet	the	criteria	of	 function,	appearance,	and	usability.	
This	table	tennis	racket	product	has	passed	all	three	of	these	aspects,	making	it	suitable	as	
an	alternative	learning	medium.	

From	a	 learning	perspective,	eco-friendly	 table	 tennis	rackets	have	been	shown	to	
increase	 student	 interest	 and	 participation	 in	 physical	 education	 (PJOK).	 Similar	 studies	
have	found	that	modifying	sports	equipment	can	boost	learning	motivation	through	more	
engaging	 and	 relevant	 experiences	 (Sudirman,	 2025)	 .	 Furthermore,	 table	 tennis	 itself	 is	
crucial	 for	 developing	 students'	 coordination,	 reflexes,	 and	 concentration,	 and	 the	
availability	of	equipment	impacts	the	quality	of	instruction.	

In	terms	of	innovation,	the	use	of	plastic	waste	as	the	primary	ingredient	makes	this	
product	cost-effective	and	environmentally	friendly	(Prihantini	et	al.,	2025)	.	This	aligns	with	
research	showing	that	recycled	materials	are	effective	as	affordable	and	educational	learning	
media	 (Erhabor	 &	 Reis,	 2026)	 .	 Furthermore,	 it	 increases	 students'	 environmental	
awareness,	as	discussed	in	a	study	of	school	ecoliteracy	(Rahmah,	2024).	
However,	this	study	has	limitations,	such	as	the	lack	of	in-depth	long-term	durability	testing,	
and	 the	 limited	 scope	 of	 the	 trial	 from	 just	 one	 school,	 so	 generalization	 of	 the	 results	
requires	further	research.	

In	 conclusion,	 the	development	of	 this	eco-friendly	 table	 tennis	 racket	has	proven	
effective,	feasible,	and	rich	in	educational	and	economic	value.	This	could	be	a	solution	to	
address	 the	 lack	 of	 physical	 education	 facilities	 in	 schools	 while	 also	 supporting	
environmentally	friendly	education.	
	
Conclusion	

					 Based	 on	 the	 results	 of	 research	 and	 discussion,	 it	 can	 be	 concluded	 that	 the	
development	of	environmentally	 friendly	 table	 tennis	 rackets	made	 from	plastic	waste	 is	
declared	suitable	for	use	as	an	alternative	training	equipment	in	schools,	which	is	indicated	
by	the	results	of	media	expert	validation	with	a	good	category	and	material	expert	validation	
with	a	very	good	category,	and	supported	by	the	results	of	small	and	large	scale	trials	which	
are	both	in	the	very	good	category	so	that	the	product	can	be	used	in	learning;	In	addition	to	
fulfilling	functional	aspects	such	as	strength,	comfort,	and	appearance,	this	product	also	has	
educational	 value	 in	 increasing	 student	 awareness	 about	 waste	 utilization	 and	
environmental	 preservation,	 so	 that	 it	 can	 be	 an	 innovative	 solution	 in	 overcoming	 the	
limitations	of	PJOK	learning	facilities	and	infrastructure	in	schools	while	supporting	more	
effective	and	sustainable	learning.	
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