
	
	
Ergonomi	2(3),	167-177,	2019	
e-ISSN	:	2651	-	4877	 					

	 	
	

Ergonomics	2(3),	167-177,	2019	
DOI	:	10.33439/ergonomi.598932	

	

167	
	

MISMATCH	BETWEEN	CLASSROOM	FURNITURE	AND	STUDENT	BODY	DIMENSIONS:	
CASE	OF	IZMIR		

	
Nazife	Aslı	KAYA1*	,	Önder	ERKARSLAN2	

	
1	Bilecik	Şeyh	Edebali	Üniversitesi,	Endüstri	Ürünleri	Tasarımı	Bölümü,	Bilecik	

ORCID	No:	https://orcid.org/0000-0001-8630-8919		
2	İzmir	Yüksek	Teknoloji	Enstitüsü,	Endüstriyel	Tasarım	Bölümü,	Urla,	İzmir	

ORCID	No:	http://orcid.org/0000-0001-8961-9309	
	

Keywords	 Abstract	
Ergonomics	
Anthropometry		
Classroom	 furniture	
Industrial	design		
Mismatch	
	

The	 aim	 of	 the	 research	 is	 to	 determine	 the	 anthropometric	 measures	 of	 school	
children	aged	12-13,	who	live	in	Izmir,	Turkey,	in	order	to	propose	anthropometrically	
appropriate	 school	 furniture	 (desk	 and	 chair),	 and	 to	 compare	 findings	 with	 the	
available	 classroom	 furniture	 produced	 according	 to	 Standards	 of	 Classroom	
Furniture,	published	by	Republic	of	Turkey	General	Directorate	of	Primary	Education	
to	determine	potential	mismatches.	A	total	twelve	anthropometric	data	were	collected	
by	convenience	sampling	from	393	(207	male	and	186	female)	students.	The	data	was	
analysed	with	 the	aid	of	 the	SPSS	v13	 software	on	a	desktop	computer.	Descriptive	
statistics	for	each	anthropometric	dimension	are	given	as	mean,	standard	deviation	
and	 5th	 and	 95th	 percentile	 values	 for	 male	 and	 female	 in	 mm.	 The	 obtained	
anthropometric	 data	 used	 for	 calculating	 classroom	 furniture	 dimensions,	 sitting	
height,	seat	depth,	seat	width,	backrest	height	and	desk	height.	Mismatches	were	found	
when	 the	 findings	 were	 compared	 with	 the	 Standards	 of	 Classroom	 Furniture,	
published	by	Republic	of	Turkey	General	Directorate	of	Primary	Education	and	 the	
dimensions	of	primary	school	classroom	furniture	supplied	by	DMO.	
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Bu	çalışmanın	amacı	İzmir	ilinde	okuyan	12-13	yaş	arası	öğrencilerin	antropometrik	
verilerinin	 belirlenerek	 onlar	 için	 ergonomik	 uygunlukta	 okul	 sırası	 ve	 masası	
ölçülerinin	 saptanması	 ve	 standartları	 T.C.	 Milli	 Eğitim	 Bakanlığı’nca	 belirlenerek	
okulların	 kullanımına	 tahsis	 edilmiş	 olan	 sınıf	mobilyalarının	öğrenciler	 için	uygun	
olup	 olmadığının	 tespit	 edilmesidir.	 Bu	 kapsamda	 393	 (207	 erkek	 ve	 186	 kadın)	
öğrenciden	 12	 farklı	 antropometrik	 ölçü	 toplanmıştır.	 Toplanan	 ölçüler	 SPSS	 v13	
yazılımı	yardımıyla	analiz	edilmiş,	her	ölçü	için	ortalama,	5.	ve	95.	yüzdelikler	olmak	
üzere	 betimsel	 istatistiki	 değerler	 elde	 edilmiştir.	 Elde	 edilen	 antropometrik	 veriler	
uygun	oturma	yüksekliği,	oturma	genişliği,	oturma	derinliği,	sırtlık	yüksekliği	ve	masa	
yüksekliği	ölçülerinin	hesaplanmasında	kullanılmış	ve	mevcut	sıra	ve	masa	ölçüleriyle	
karşılaştırılmıştır.	 Karşılaştırma	 sonucu,	 T.C.	Milli	 Eğitim	 Bakanlığı’nca	 belirlenmiş	
sınıf	mobilyası	ölçülerinin	ve	DMO	tarafından	tedarik	edilen	sınıf	mobilyalarının	İzmir	
ilinde	okuyan	öğrenciler	için	uygunluğunun	tartışmalı	olduğu	sonucuna	varılmıştır.	
	
		
	

Araştırma	Makalesi		
Başvuru	Tarihi		
Kabul	Tarihi							

	
:	30.07.2019	
:	12.11.2019	

Research	Article	
Submission	Date		
Accepted	Date	

	
:	30.07.2019	
:	12.11.2019	

	
	

																																																													
*	Sorumlu	yazar	e-posta:	n.aslikaya@gmail.com	



Ergonomi	2(3),	167-177,	2019	

168	

1.	Introduction	

In	 2019,	 according	 to	 Turkish	 Address	 Based	
Population	 Registration	 System,	 there	 are	
12.699.343	 primary	 schools	 children	 aged	 5-14	 (6	
340	423	aged	10-14)	in	the	country,	which	represent	
around	 15.48%	 (7.73%	 for	 10-14)	 of	 the	 whole	
population	(82	003	882).	This	means,	in	every	work	
day,	 12.699.343	 primary	 school	 students	 whose	
physical	 development	 is	 still	 ongoing,	 use	 school	
furniture	and	spend	more	than	5	hours	of	the	school	
day	in	a	sitting	posture.	In	the	light	of	these	data,	it	
can	 be	 inferred	 that	 school	 furniture’s	 effects	 on	
posture	cannot	be	underestimated.	

According	to	several	research,	school-aged	children	
have	been	suffering	musculoskeletal	pain,	back	pain,	
neck	pain,	leg	pain,	and	shoulder	pain	because	of	bad	
sitting	posture	during	school	days	(Babayiğit,	2017;	
Gierlach,	2002;	Jayaratne,	2012;	Koskelo	et	al.,	2007;	
Murphy	 &	 Buckle,	 2003;	 Parcells	 et	 al.,	 1999).	
Therefore,	sitting	in	a	correct	posture	is	an	important	
element	of	a	healthy	working	practice	as	the	correct	
posture	helps	to	maintain	the	natural	lumbar	curve	
and	 correct	 position	 of	 the	 pelvis	 to	 keep	 the	
vertebrae	 in	 alignment	 and	 the	 overrated	 forces	
acting	 on	 the	 body,	 thence	 sitting	 in	 a	 correct	
position	 preclude	 pains	 and	 increase	 work	
performance.	Despite	all	these	research	findings	and	
a	large	number	of	users,	there	is	still	little	interest	in	
the	appropriateness	of	school	furniture.	Especially	in	
Turkey,	 there	 is	a	 lack	of	 research.	Moreover,	 state	
schools	in	Turkey	are	forced	to	be	furnished	with	the	
products	of	 State	Supply	Office	 (DMO)	and	also,	 all	
schools	 are	 forced	 to	 be	 furnished	 according	 to	
Standards	 of	 Classroom	 Furniture,	 published	 by	
Republic	Of	Turkey	General	Directorate	of	Primary	
Education	(2014),	which	may	not	appropriate	for	all	
students	when	the	lack	of	research	in	Turkey	would	
be	taken	into	account.		

Because	 the	 physical	 health	 of	 the	 students	 and	
correct	 sitting	 posture,	 which	 may	 affect	 the	
adulthood	 sitting	 habits,	 can	 be	 achieved	 through	
anthropometrically	appropriate	school	furniture,	the	
purpose	of	 this	 research	 is	 to	 compare	 Izmir	 living	
primary	school	students’	anthropometric	measures	
with	school	furniture	dimensions,	that	are	available	
for	them,	in	order	to	observe	a	potential	mismatch,	
and	propose	anthropometrically	appropriate	school	
furniture	 (desk	 and	 chair)	 dimensions,	 targeting	
school	 children,	 for	 obtaining	 a	 correct,	 painless	
sitting	posture.	

	

2.	Literature	Review	

However,	 the	 research	 of	 anthropometrics	 and	 the	
design	 of	 school	 furniture	 is	 crucial,	 there	 is	 a	 few	
research	 conducted	 on	 school	 furniture	 in	 Turkey.	

We	 can	 group	 those	 research	 according	 to	 their	
purposes;		

• Forming	 anthropometric	 data	 on	 Turkey	
living	children	

• Determining	 Turkey	 living	 children’s	
growth	standards	

• Obtaining	 Turkey	 living	 children’s	
anthropometric	 data	 for	 school	 furniture	
design	usage	

• Analysing	 appropriateness	 of	 school	
furniture	to	students	

• Or	a	mix	of	these	purposes	

Example	 research	 of	 analysing	 appropriateness	 of	
school	 furniture	 to	 students	 are	 conducted	 by	
Erdogan,	 Erkoc	 &	 Sakar	 (2007),	 Uluuysal	 &	 Kurt	
(2011),	Açık	et	al.	(2014),	In	2007,	Erdogan	and	his	
colleagues	 investigated	 24	 primary	 school’s	
computer	 laboratories	 located	at	Kadıköy/İstanbul,	
according	 to	 appropriateness	 of	 the	 ergonomic	
criteria	in	the	schools	by	using	US-OSHA	Ergonomic	
Evaluation	Checklist	which	is	adapted	to	Turkish	by	
the	 researchers.	 With	 the	 same	 purpose,	 in	 2011,	
Uluuysal	&	Kurt	evaluated	the	computer	laboratories	
according	 to	 appropriateness	 of	 the	 ergonomic	
principles	 in	 the	 primary	 schools.	 US-OSHA	
Ergonomic	 Evaluation	 Checklist	 was	 used	 and	 30	
different	elementary	schools’	computer	laboratories	
were	 evaluated	 in	 Eskisehir.	 In	 2014,	 Açık	 and	 his	
colleagues	 collected	 data	 from	 140	 primary	 school	
students,	 aged	 8-14,	 in	 Ankara	 and	 found	 that	 the	
classroom	 furniture	 in	 use	 are	 not	 suitable	 for	 the	
majority	of	the	students.		

Although,	 all	 of	 the	 researches’	 aim	 is	 to	 form	
anthropometric	data	on	Turkey	living	children;	some	
of	 them	 have	 only	 this	 purpose,	 such	 as	 Kayış’s	
research	(1986).	She	took	15	measurements	on	3584	
pupils	 aged	 6-13	who	 live	 in	Ankara,	 to	 determine	
the	 anthropometric	 data.	 This	 research	 was	 later	
revised	 and	 turned	 into	 a	 database	 for	 designing	
classroom	furniture	by	Kayış	(1987)	and	Kayış	and	
Özok	 (1991).	 They	 did	 not	 propose	 an	 example	
design	nor	design	guidelines	but,	they	conclude	that	
different	 sized	school	 furniture	should	be	designed	
and	used	 for	 each	 grade.	 Besides	Kayış	 and	Özok’s	
research,	 there	are	only	a	 few	research	on	primary	
schools	furniture	in	Turkey.	One	of	them	is	Akın	and	
Sağır’s	 (1998)	 investigation	on	 the	 anthropometric	
characteristics	of	245	Van	living	primary	schoolgirls	
aged	between	9-10	years	by	taking	measurements	in	
14	 dimensions	 for	 designing	 school	 furniture.	 But	
they	 did	 not	 apply	 those	 anthropometric	 data	 to	 a	
design.	 In	 2006,	 Burdurlu	 and	 his	 colleagues	
examined	 the	 anthropometric	 characteristics	 of	 a	
total	of	668	Turkish	students	between	12-15	years	
attending	 primary	 schools	 in	 Ankara/Turkey.	 In	
2010,	Usan	investigated	primary	schools	desks	and	
chairs	 according	 to	 the	 appropriateness	 of	 the	
ergonomic	criterions	in	the	primary	schools.	In	this		
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research,	 anthropometric	 measurements	 of	 1079	
primary	 schools	 students	 in	Çukurova	 region	were	
collected	 and	 school	 furniture	 was	 designed	
according	to	these	measurements.		

Internationally,	mismatch	 research	 is	 predominant	
in	 the	 context	 of	 school	 furniture	 and	
anthropometrics.	Parcells	et	al.	(1999)	showed	that	
fewer	 than	 20%	 of	 students	 can	 find	 bodily	
appropriate	school	furniture	and	girls	are	less	likely	
to	 use	 fitting	 chairs.	 Panagiotopoulou	 et	 al.	 (2003)	
concluded	that	“the	chairs	are	too	high	and	too	deep	
and	 desks	 are	 also	 too	 high	 for	 the	 pupils.	 This	
situation	has	negative	effects	on	the	sitting	posture	
of	the	children	especially	when	reading	and	writing.	
Gouvali	and	Boudolos	(2006)	found	that	desks	were	
mismatched	81.8%	and	seat	height	was	mismatched	
71.5%	of	children,	while	seat	depth	was	appropriate	
for	only	38.7%	of	children.	 	 In	2010,	Catellucci	and	
his	colleagues	carried	a	research	on	appropriateness	
of	 classroom	 furniture	 to	 the	 students	 in	 three	
schools	 and	 found	 that	 there	 were	 mismatches	
between	student’s	bodily	dimensions	and	seat	height	
(86%	 for	 school	 A,	 72%	 for	 school	 B	 and	 85%	 for	
School	C),	and	seat	depth	(30%	for	school	A,	24%	for	
school	 B	 and	 39%	 for	 School	 C).	 Agha	 (2010)	
indicated	that	seat	height,	seat	depth	and	desk	height	
mismatches	 occurred	 for	 99%	 of	 the	 students.		
Ramadan	(2011)	checked	the	anthropometric	match	
for	 four	 adjustable	 desk-chair	 sets’	 combinations,	
and	 found	 that	 there	 were	 mismatches	 between	
students	and	seat	heights	and	desk	heights.	Afzan	et	
al.	 (2012)	 showed	 that	 the	 school	 furniture	 in	
Mersing,	Johor,	Malaysia	do	not	match	with	students.	
The	 mismatches	 for	 aged	 8	 were	 100%	 for	 seat	
height	 and	 seat	 depth,	 44%	 for	 desk	 and	 backrest	
height;	for	aged	11	were	79%	for	seat	height,	100%	
for	seat	depth	and	desk	height,	and	91%	for	backrest	
height.	 Dianat	 et	 al.	 (2013)	 found	 that	 body	
dimensions	of	the	students	do	not	match	with	school	
furniture;	 60.9%	 for	 seat	 height,	 54.7%	 for	 seat	
width,	 and	51.7%	desktop	height.	 In	 2014,	Rosyidi	
and	 his	 colleagues	 analysed	 the	 match	 between	
school	 furniture	 and	 the	 students’	 anthropometric	
data	by	sampling	from	six	regions	in	Indonesia.	They	
found	 there	 were	 mismatches	 with	 seat	 height	
(94,64%),	 seat	 depth	 (63,17%),	 backrest	 height	
(37,76%)	and	desk	height	(95,	57%).		Macedo	et	al.	
(2015)	 compared	 the	 anthropometric	 data	 of	 7th	
through	12th	grades	 students	 live	 in	Portugal	with	
the	school	furniture	available	to	them,	and	found	that	
only	 24%	 to	 44%	 of	 the	 students	 match	 with	 the	
available	tables	and	4%	to	9%	of	the	students	match	
with	 the	available	seats.	 In	 the	research	Castellucci	
and	his	 colleagues	 carried	 in	 2015,	 it	 is	 found	 that	
seat	 height	 was	 not	 appropriate	 for	 18%	 of	 the	
students,	seat	depth	was	not	appropriate	for	43,2%	
of	the	students,	and	desk	height	was	not	appropriate		

	

for	83%	of	the	students.	Parvez	et	al.	(2018)	showed	
that	 seat	 height,	 seat	 depth,	 seat	 width,	 and	 desk	
height	do	not	fit	to	the	almost	all	of	the	Bangladeshi	
students.	 Wutthisrisatienkul	 and	 Puttapanom	
assessed	 mismatches	 between	 northern	 Thailand	
living	 students	 and	 school	 furniture,	 and	 showed	
that	TISI	Size	6	type	of	furniture’s	seat	height	is	too	
high	for	all	students.		

This	 research	 is	 differentiate	 from	 these	 previous	
works	by	two	main	reasons,	 first	and	foremost	this	
research	was	conducted	 in	 Izmir	and	 fill	 the	gap	 in	
the	 anthropometric	 data	 of	 12-13	 years	 school	
children,	 where	 the	 gap	 between	 sitting	 height	
difference	 at	 its	 higher	 in	 adolescence	 since	 “the	
rapid	 growth	 of	 the	 lower	 extremities	 is	
characteristic	 of	 the	 early	 part	 of	 the	 adolescent	
spurt”	 (Malina	 et	 al.,	 2004,	 pp.67-68),	 who	 live	 in	
Izmir;	 secondly	 the	 results	 compared	 with	 forced	
classroom	 dimensions	 by	 Republic	 Of	 Turkey	
General	 Directorate	 of	 Primary	 Education	 to	
determine	compatibility.		
	

3.	Methodology		

Anthropometric	 measurements	 were	 collected	 by	
convenience	sampling	from	393	(207	male	and	186	
female)	students,	aged	from	12	to	13	years	old,	are	
going	 to	 three	 different	 primary	 schools;	 Cemil	
Midilli	 İÖO,	 Rıza	 Özmenoğlu	 İÖO	 and	 Ali	 Erentürk	
İÖO	 in	 Izmir,	Turkey;	 in	2011-2012	academic	year.	
After	 ethical	 permissions	 were	 granted	 from	
Republic	 of	 Turkey	 Governorship	 of	 Izmir	 and	
Republic	Of	Turkey	Ministry	Of	National	Education’s	
Izmir	Headquarter,	700	receipts	of	permission	were	
sent	to	student's	parents	randomly.	393	positive,	106	
negative	 answers	 were	 received.	 201	 receipts	 of	
permission	were	never	returned	back.		

Sample	size	was	determined	according	to	principles	
of	sample	statistics	(Fisher	and	Yates,	1974;	Altman	
et	 al.,	 1991)	 and	 calculated	 by	 an	 online	 program,	
Raosoft®.	According	to	the	2011	results	of	Republic	
of	 Turkey	 Ministry	 of	 National	 Education’s	 Izmir	
Headquarter,	 total	 number	 of	 12-13	 years	 primary	
school	 student	 population	was	 105,253;	with	 95%	
confidence	 interval	 and	 5%	 error,	 the	 research’s	
sample	size	is	sufficed.	

An	 adequate	 description	 of	 the	 human	 body	 may	
require	over	300	dimensions	(Pheasant,	1986),	but	
the	scope	of	this	research	is	limited	on	sitting,	thus,	
twelve	body	dimensions	(see	Figure	1.)	was	collected	
by	 the	 first	 author	 with	 the	 help	 of	 one	 assigned	
student.	 The	 assigned	 student	 noted	 the	 collected	
measurements	on	a	sheet	designed	for	the	research.	
Once	 the	 particular	 dimension	 was	 measured,	 the	
assigned	student	presented	it	to	the	first	author	for	
inspection.	During	the	measurement,	subjects	were		
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required	to	wear	only	shorts	and	a	t-shirt.	Thus,	the	
data	 were	 collected	 during	 gym	 classes.	 All	
anthropometric	measurements	were	taken	three		

	

	

times	in	order	to	achieve	accuracy	while	the	student	
was	 sitting	 on	 a	 straight	 surfaced	 adjustable	 stool	
with	 knees	 bent	 at	 90-degree	 angle	 and	 erect	
position,	by	Holtain	Anthropometer.	

	
Figure	1.	Anthropometric	Dimensions	
	

Measurements	of	 the	classroom	 furniture,	 supplied	
by	 DMO,	 were	 obtained	 from	 the	 technical	 sheets	
which	 were	 published	 at	 DMO’s	 official	 webpage.	
Standards	 of	 classroom	 furniture	 dimensions,	
published	by	Republic	of	Turkey	General	Directorate	
of	Primary	Education,	were	also	obtained	 from	 the	
official	webpage.	

The	 anthropometric	 data	 was	 analysed	 and	
summarized	with	the	aid	of	the	SPSS	v13	software	on	
a	 desktop	 computer.	 Descriptive	 statistics	 for	 each	
anthropometric	 dimension	 were	 given	 as	 mean,	
standard	 deviation	 and	 5th	 and	 95th	 percentile	
values	for	male	and	female	in	mm.	According	to	those	
values,	seat	height	(SH),	Seat	depth	(SD),	Seat	width		

(SW),	Backrest	height	(BH)	and	Desk	height	(D)	were	
calculated.	

3.1.	Application	and	Interpretation	of	Data	

After	 the	 anthropometric	 data	 was	 analysed	 and	
summarized	 (Table	 1),	 obtained	 anthropometric	
dimensions	applied	to	formulas	in	order	to	calculate	
anthropometrically	appropriate	classroom	furniture	
dimensions	for	12	and	13	years	Izmir	living	students.	
Calculated	 classroom	 furniture	 dimensions,	 later,	
were	 compared	 with	 the	 measurements	 of	 the	
classroom	furniture,	supplied	by	DMO	and	Standards	
of	 Classroom	 Furniture	 Dimensions,	 published	 by	
Republic	 of	 Turkey	General	Directorate	 of	 Primary	
Education	in	order	to	determine	whether	there	is	a	
mismatch	or	not.

Table	1.	Anthropometric	Data	of	Students	(all	dimensions	are	in	mm)	
	

	 	 12	years	 13	years	 12	and	13	years	

Girls	 Boys	 Girls	 Boys	 Girls	 Boys	

Popliteal	Height	 Mean	 406.45	 418.26	 416.84	 430.75	mm	 412.25	 425.26	
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SD	 2.73	 1.77	 1.69	 2.33	 1.67	 1.67	

Minimum	 368.00	 371.00	 388.00	 377.00	 368.00	 371.00	

Maximum	 464.00	 458.00	 502.00	 487.00	 502.00	 487.00	

Percentile	 5	 370.00	 390.50	 391.85	 394.35	 379.85	 392.90	

95	 443.65	 449.00	 445.30	 474.55	 444.15	 461.30	

Buttock-popliteal	Length	 Mean	 439.43	 434.72	 458.77	 455.22	 450.24	 446.21	

SD	 3.35	 3.63	 3.13	 3.50	 2.43	 2.65	

Minimum	 378.00	 378.00	 407.00	 396.00	 378.00	 378.00	

Maximum	 501.00	 510.00	 573.00	 580.00	 573.00	 580.00	

Percentile	 5	 402.15	 388.50	 419.00	 407.25	 408.70	 396.00	

95	 487.85	 490.00	 492.45	 517.05	 492.00	 504.20	

Hip	Breadth	 Mean	 335.06	 336.27	 353.18	 340.90	 345.19	 338.87	

SD	 4.64	 5.67	 3.18	 3.77	 2.81	 3.26	

Minimum	 265.00	 227.00	 301.00	 268.00	 265.00	 227.00	

Maximum	 460.00	 559.00	 433.00	 440.00	 460.00	 559.00	

Percentile	 5	 289.05	 275.50	 310.40	 290.90	 294.85	 279.90	

95	 410.35	 400.50	 403.00	 410.75	 403.00	 407.10	

Shoulder	Height	 Mean	 326.90	 327.68	 339.31	 343.79	 333.83	 336.71	

SD	 2.17	 2.56	 1.84	 2.46	 1.50	 1.88	

Minimum	 291.00	 278.00	 296.00	 300.00	 291.00	 278.00	

Maximum	 360.00	 386.00	 383.00	 418.00	 383.00	 418.00	

Percentile	 5	 297.10	 295.00	 308.85	 308.00	 302.85	 300.90	

95	 356.85	 360.50	 363.00	 381.00	 359.00	 374.70	

Elbow-rest	Height	 Mean	 185.50	 172.56	 203.78	 182.38	 196.75	 178.07	

SD	 3.67	 3.44	 3.12	 2.90	 2.84	 2.24	

Minimum	 132.00	 114.00	 143.00	 125.00	 132.00	 114.00	

Maximum	 255.00	 328.00	 273.00	 262.00	 389.00	 328.00	

Percentile	 5	 135.45	 137.50	 162.35	 134.25	 146.70	 136.80	

95	 242.25	 209.50	 248.15	 224.60	 248.00	 214.40	

3.1.1.	Seat	Height	(SH)	
	
Seat	height	(SH)	is	directly	related	to	Popliteal	Height	
(PH).	Research	showed	that	SH	must	be	lowest	than	
PH	(Molenbroek	et	al.,	1996;	Parcells	et	al.,	1999).	In	
order	 to	 calculate	 correct	 seat	 height,	 lowest	 5th	
percentile	 of	 PH	 value	 should	 be	 considered	 as	
delimiter	and	shoe	height	should	be	added	to	PH	for	
correction.	The	equation	(1)	was	used	by	Gouvali	&	
Boudolos	(2006)	for	calculating	the	SH	value	ranges	
which	 was	 defined	 by	 researchers	 (Evans	 et	 al.,	
1988;	 Occhipinti	 et	 al.,	 1993;	 Sanders	 and	
McCormick,	1993):	

	
	
𝑃𝐻 + 𝑆ℎ𝑜𝑒	𝐻𝑒𝑖𝑔ℎ𝑡 cos 30° ≤ 𝑆𝐻 ≤ 𝑃𝐻 +
𝑆ℎ𝑜𝑒	𝐻𝑒𝑖𝑔ℎ𝑡 cos 5°		
	

(1)	

	
3.1.2.	Seat	Depth	(SD)	
	
According	 to	 researchers,	 in	 order	 to	 achieve	
reaching	backrest	without	lumbar	spine	discomfort	
or	 popliteal	 surface	 compression,	 5th	 percentile	 of	
Buttockpopliteal	Length	(BPL)	should	be	accepted	as	
maximum	value	for	SD	(Phesant,	1991;	Helander,		
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1997,	 Sanders	 &	 McCormick,	 1993;	 Molenbroek	 &	
Kroon-Ramaekers,	 1996;	 Khalil	 et	 al,	 1993).	 In	 the	
light	of	this	 information,	the	equation	(Catellucci	et	
al.,	2014;	2016)	(2):	
	
0,80𝑃𝐿 ≤ 𝑆𝐷 ≤ 0,95𝐵𝑃𝐿	 (2)	
	
3.1.3.	Seat	Width	(SW)	

Seat	 width	 (SW)	 is	 directly	 related	 to	 hip	 breadth	
(HB).	In	order	to	secure	of	right	sitting	position,	there	
should	be	enough	space	for	hip,	so,	seat	width	should	
be	at	least	equal	to	maximum	value	of	HB.	In	order	to	
ensure	 enough	 range	 for	 motions	 in	 addition	
securing	 right	 sitting	 position,	 SW	 value	 should	 be	
increased.	According	to	Gouvali	&	Boudolos	(2006),	
optimum	 SW	 should	 be	 between	 10%	 and	 30%	
larger	than	HP.	So,	the	equation	(3):	

1.1𝐻𝐵 ≤ 𝑆𝑊 ≤ 1.3𝐻𝐵		 (3)	

	

3.1.4.	Backrest	Height	(BH)	

According	 to	 researchers,	 in	 order	 to	 prevent	
movement	 restrictions	 of	 upper	 body	 and	 arms,	
backrest	 height	 should	 be	 lower	 than	 scapula	
(Oborne,	1996;	Khalil	et	al.,	1993).	This	means	also,	
lowest	5th	percentile	of	shoulder	height	(ShH)	data	
should	 be	 targeted.	 If,	 BH	 will	 be	 calculated	 from	
shoulder	height	 (ShH)	data,	according	 to	Gouvali	&	
Boudolos	 (2006)	 and	 Agha	 (2010)	 equation	 (5)	
should	be:	

0,6	𝑆ℎ𝐻 ≤ 𝐵𝐻 ≤ 0,8	𝑆ℎ𝐻		 (4)	

	

3.1.5.	Desk	Height	(DH)	

The	 equation	 of	 desk	 height	 (DH)	 calculation	 is	
developed	 by	 Parcells	 et	 al.	 (1999),	 according	 to	

information	 about	 angles	 and	positions	of	 arms	on	
table-top	during	work,	which	is	provided	by	Chaffin	
and	Anderson	(1991).	On	the	basis	of	this	calculation	
method,	 elbow	 rest	 height	 (ERH)	 is	 not	 the	 only	
determiner	of	the	desk	height,	but	the	flexion	(θ	=	25	
°)	and	abduction	(β	=	20	°)	of	the	shoulders,	shoulder	
height	(ShH),	and	the	length	of	the	upper	arm	(UA	=	
ShH-ERH)	 should	 be	 also	 taken	 into	 consideration.	
To	find	desk	height,	seat	height	should	be	added	to	
dimension	between	seat	surface	(also	refers	as	seat	
height	–	SH)	and	table-top	(SsTt):	

𝐷𝐻 = 𝑆𝐻 + 𝑆𝑠𝑇𝑡		 (5)	

= 𝑆𝐻 + 𝐸𝑅𝐻 + 𝑈𝐴[(1 − 	𝑐𝑜𝑠	 𝜃	) +
𝑐𝑜𝑠	 𝜃	(1 − 𝑐𝑜𝑠	 𝛽	)]		

	

= 𝑆𝐻 + 𝐸𝑅𝐻 + (𝑆ℎ𝐻 − 𝐸𝑅𝐻)[(1 −
	0,9063) + 0,9063(1 − 0,9397)]		

	

= 𝑆𝐻 + 0,8517𝐸𝑅𝐻 + 0,1483	𝑆ℎ𝐻	
	

	

Minimum	DH	is	accepted	equal	to	ERH	(Parcells	et	al,	
1999).		In	the	light	of	this	information,	the	equation	
(6):	

	

𝑆𝐻 + 𝐸𝑅𝐻 ≤ 𝐷𝐻 ≤ 𝑆𝐻 + 0,8517𝐸𝑅𝐻 +
0,1483	𝑆ℎ𝐻		

(6)	

	

4.	Results		

4.1.	Anthropometric	Measures	of	the	Students	

In	this	research,	with	the	intention	of	proposing	an	
example	design	 for	anthropometrically	appropriate	
classroom	 furniture,	obtained	body	measures	were	
applied	 to	 calculations.	 The	 results	 were	 given	 in	
Table	2:	

Table	2.	Calculated	Dimensions	of	Anthropometrically	Appropriate	Classroom	Furniture	

	

	

	

	

	

	

	 12	years	 13	years	 Adjustable	furniture	dimensions	for	
12	to	13	years	

Seat	Height	 338	to	389	mm	 356	to	392	mm	 338	to	392	mm	

Seat	Depth	 310	to	369	mm	 325	to	387	mm	 310	to	387	mm	

Seat	Width	 615	to	726	mm	 484	to	572	mm	 615	to	726	mm	

Backrest	Height	 177	to	236	mm	 184	to	246	mm	 236	to	246	mm	

Desk	Height	 543	to	564	mm	 552	to	576	mm	 543	to	576	mm	
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When	 the	 results	 of	 Seat	 Height	 (SH)	 values	 are	
compared,	it	can	be	seen	that	the	maximum	SH	value	
for	12	years,	370	mm	and	for	13	years	392	mm.	Thus,	
for	 an	 adjustable	 furniture	 for	 12	 to	 13	 years,	 the	
minimum	and	maximum	values	should	be	between	
352	mm	to	392	mm.	

For	Seat	Depth	(SD),	 the	maximum	SD	value	 for	12	
years	369	mm	and	for	13	years	387	mm.	Thus,	for	an	
adjustable	furniture	for	12	to	13	years,	the	minimum	
and	maximum	values	should	be	between	369	mm	to	
387	mm.	

Since	 the	 Seat	 Width	 (SW)	 does	 not	 adjustable	 in	
production	 manner,	 in	 this	 research	 SW	 value	 is	
accepted	as	726	mm.	

For	 Backrest	 Height	 (BH),	 it	 can	 be	 seen	 that	 the	
maximum	 BH	 value	 for	 12	 years	 is	 236	 mm;	
maximum	 BH	 value	 for	 13	 years	 is	 246	 mm;	 and	
maximum	 BH	 value	 for	 both	 12	 and	 13	 years	 is	
240,72	mm.	 Since	 backrest	 height	 should	 be	 lower	
than	 scapula,	 for	 designing	 shared	 classroom	
furniture	 for	 12	 and	 13	 years,	 BH	 should	 be	
designated	 as	 the	 lowest	 maximum	 value	 among	
results	for	12	years,	13	years;	and	12	and	13	years.	
When	the	results	compared,	 it	can	be	seen	that	the	
lowest	maximum	value	of	BH	is	236	mm.		Thus,	for	
an	 adjustable	 furniture	 for	 12	 to	 13	 years,	 the	
minimum	and	maximum	values	should	be	between	
236	mm	to	246	mm.	

When	the	Desk	Height	(DH)	results	compared,	it	can	
be	seen	that	maximum	DH	value	for	12	years	is	564	
mm,	and	for	13	years,	it	is	576	mm.	The	minimum	DH	
value	 has	 found	 as	 543	 mm.	 So,	 for	 an	 adjustable	
furniture	 for	 12	 to	 13	 years,	 the	 minimum	 and	
maximum	values	should	be	between	543	mm	to	576	
mm.	Yet,	when	the	95%ile	of	KH	data	for	12	years,	13	
years;	and	12	and	13	years	are	taken	into	consider,	it	
can	be	seen	that	576mm	clearance	is	not	high	enough	
for	setting	storage	of	students’	belongings	under	the	
desk.		So,	storage	can	be	settled	on	the	side	surfaces	
of	the	desk.		
	

4.2.	 Comparison	 of	 Proposed	Adjustable	 School	
Furniture	 Dimensions	 with	 In-Use	 School	
Furniture	Dimensions	and	the	Mismatches	

Republic	 of	 Turkey	General	Directorate	 of	 Primary	
Education’s	School	Furniture	Standards	(2014)	were	
given	in	Table	3	and	Dimensions	of	Primary	School	
classroom	furniture	supplied	by	DMO	were	given	in	
Table	4.	

	

	

	

	

	

Table	 3.	 General	 Directorate	 of	 Primary	
Education	 Standards	 of	 Classroom	 Furniture	
Dimensions	(in	mm)	

	
	 For	Primary	School	

Usage	
Seat	Height	 380	to	410	
Seat	Depth	 340	to	370	
Seat	Width	 330	to	360	
	
	
Backrest	Height	

250	

Desk	Height	 630	to	660	

	

Table	 4.	 Dimensions	 of	 Primary	 School	
Classroom	Furniture	Supplied	by	DMO	(in	mm)	

	

For	
Primary	
School	
Usage	

	

Type	I	

(Conforming	to	
General	Directorate	

of	Primary	
Education	
Standards)	

Type	II	

Seat	Height	 380	 420	

Seat	Depth	 360	 380	

Seat	Width	 350	 550	

Backrest	
Height	

250	 280	

Desk	Height	 630	 700	

	

Figure	 2	 and	 Figure	 3	 presents	 the	 percentage	 of	
students	 who	 fit	 or	 did	 not	 fit	 to	 the	 available	
classroom	 furniture	 to	 them	 supplied	 by	 DMO.	
Because	 of	 the	 Republic	 of	 Turkey	 General	
Directorate	of	Primary	Education’s	School	Furniture	
Standards	 are	 given	 in	 ranges,	 and	 remain	 in	
between	 the	 DMO’s	 Type	 I	 and	 Type	 II	 classroom	
furniture,	 relatively,	 their	 mismatch	 percentages	
weren’t	given	separately.	
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Figure	2.	Mismatch	Percentages	for	Type	I	
Classroom	Furniture	

	

	
Figure	3.	Mismatch	Percentages	for	Type	II	
Classroom	Furniture	

	

As	presented	in	the	Figure	2,	seat	height	of	Type	I	is	
too	low	for	16%	and	too	high	for	%4	of	the	students.	
Seat	depth	is	too	deep	for	91%	of	the	students,	and	
seat	 width	 is	 too	 narrow	 for	 75%	 of	 the	 students.	
Backrest	height	 is	 too	 low	 for	1%	and	 too	high	 for	
17%	of	 the	students.	 It	 is	 found	that	Type	I	desk	 is	
too	low	for	1%	of	the	students,	and	too	high	for	59%	
of	the	students.	

As	presented	in	the	Figure	3,	seat	height	of	Type	II	is	
too	low	for	1%	and	too	high	for	55%	of	the	students.	
Seat	 depth	 is	 too	 deep	 for	 72%	 of	 the	 students.	
Backrest	height	 is	 too	 low	 for	1%	and	 too	high	 for	
76%	of	the	students.	It	is	found	that	Type	II	desk	is	
too	high	for	98%	of	the	students.	

When	 the	 calculated	 dimensions	 of	
anthropometrically	appropriate	classroom	furniture	
for	 Izmir	 living	 students	 were	 compared	 with	 the	
General	Directorate	of	Primary	Education	Standards	
of	 classroom	 furniture	 dimensions	 and	 the	
classroom	 furniture	 can	 be	 supplied	 by	 the	 State	
Supply	 Office	 (DMO),	 it	 can	 be	 seen	 that	 only	 Seat	
Depth	value	is	matching	with	General	Directorate	of	
Primary	 Education	 Standards	 and	 DMO’s	 Type	 I	
classroom	 furniture.	 	 Rest	 of	 the	 values	 is	 either	
lower	 or	 higher	 for	 Izmir	 living	 primary	 school	
students	 which	 will	 cause	 bad	 sitting	 posture	 and	
consequently	pain.		

	

According	 to	 results,	 seat	 heights	 of	 available	
classroom	 furniture	 are	 higher	 than	 the	 proposed	
seat	 height	 of	 anthropometrically	 appropriate	
classroom	 furniture	 for	 Izmir	 living	 students.	
Parcells	 and	 her	 colleagues	 (1999)	 and	 Pheasant	
(1986)	 clearly	 indicate	 that	when	 the	 seat	 is	much	
higher,	feet	will	not	reach	the	floor	and	the	front	edge	
of	 the	 seat	will	 press	 into	 the	 area	 just	 behind	 the	
knees,	because	of	taking	excessive	weight	on	thighs,	
cutting	 off	 circulation	 to	 the	 legs	 and	 feet	 and	 it	
causes	pain.	To	avoid	this	pain,	students	mostly	shift	
forward	 and	 lose	 their	 contact	 with	 the	 backrest	
which	 gives	 lumbar	 support	 to	 them	 (Knight	 and	
Noyes,	1999)	and	face	with	back	pain	instead	of	leg	
pain.		

The	 comparison	 clearly	 shows	 that	 available	
classroom	furniture’s	seat	widths	are	too	narrow	for	
Izmir	living	students.	Narrower	seats	cause	pain	due	
to	 not	 allowing	 the	 user	 to	 perform	 lateral	
movements	freely	and	not	providing	enough	space	to	
achieve	 postural	 stability	 (Dianet	 et	 al.,	 2013;	
Gouvali	 and	 Boudolos,	 2006;	 Khalil	 et	 al.,	 1993;	
Sanders	and	McCormick,	1993)	

According	 to	 researchers,	 to	 prevent	 movement	
restrictions	 of	 the	 upper	 body	 and	 arms,	 backrest	
height	should	be	lower	than	scapula	(Oborne,	1996;	
Khalil	 et	 al.,	 1993).	When	 the	 results	 and	 available	
furniture’s	backrest	values	are	 compared,	 it	 can	be	
seen	 that	 the	 values	 are	 higher	 than	 the	 proposed	
backrest	 height	 of	 anthropometrically	 appropriate	
classroom	furniture	 for	 Izmir	 living	students.	 Izmir	
living	 students	 may	 get	 hurt	 and	 have	 back	 pain	
while	 using	 the	 supplied	 furniture	 by	 DMO	 and	
furniture	 designed	 according	 to	 dimensions	 which	
are	 obligated	 by	 General	 Directorate	 of	 Primary	
Education.	

When	 the	 proposed	 dimensions	 of	
anthropometrically	appropriate	classroom	furniture	
for	 Izmir	 living	 students	 were	 compared	 with	 the	
General	Directorate	of	Primary	Education	Standards	
and	the	classroom	furniture	can	be	supplied	by	the	
State	Supply	Office	(DMO),	it	can	be	seen	that	there	
are	mismatches	between	desk	heights.	According	to	
results,	Izmir	living	students'	elbow-rest	heights	are	
much	lower	than	the	available	desk	heights.	In	such	
a	 case,	 students	 must	 raise	 their	 arms	 to	 proceed	
with	 their	 tasks	 and	 to	 achieve	 this	 posture	
shoulders	must	be	raised	or	abducted	that	will	cause	
overstressing	 the	 deeper	 posterior	 neck	 muscles,	
which	will	cause	shoulder	and	neck	pain	eventually	
(Occhipinti	et	al,	1993;	Parcells	et	al,	1999;	Szeto	et	
al.,	2002).	
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5.	Conclusion		

Most	of	the	readers	of	this	article	experienced	the	use	
of	 classroom	 furniture	 for	 several	 years	 and	 may	
remember	 how	 uncomfortable	 that	 furniture	 was,	
and	unfortunately,	most	of	 the	 classroom	 furniture	
still	 is.	As	most	of	 the	 researchers	determined	 that	
the	main	reason	for	comfort	lack	is	due	to	a	mismatch	
between	 classroom	 furniture	 dimensions	 and	
students'	 anthropometry.	 	 Over	 and	 above,	 those	
mismatches	 cause	 several	 types	 of	 pains	 and	
unwanted	permanent	poor	sitting	posture	habits.	It	
is	well	 known	 that	 anthropometrically	 appropriate	
classroom	furniture	could	be	designed	by	the	help	of	
collecting	 data	 from	 the	 actual	 users	 and	 applying	
findings	 to	 design.	 And	 also,	 by	 designing	
anthropometrically	appropriate	classroom	furniture	
could	prevent	 the	pains	and	poor	sitting	habits.	By	
using	 the	 recommended	 dimensions,	 to	 design	
anthropometrically	 appropriate	 and	 relatively	
comfortable	classroom	furniture	for	12	and	13	years	
old	Izmir	living	students	is	achievable.		

Yet,	 the	 comparisons	 of	 the	 proposed	 dimensions	
calculated	 according	 to	 anthropometric	 data	
obtained	in	this	research	with	General	Directorate	of	
Primary	 Education	 Standards	 of	 Classroom	
Furniture	and	classroom	furniture	are	supplied	by	a	
governmental	 institution,	 the	 State	 Supply	 Office,	
showed	that	there	is	a	substantial	mismatched	which	
may	 cause	 poor	 posture	 and	 pain	 on	 Izmir	 living	
students.		Although	the	standardization	of	classroom	
furniture	is	a	necessity	for	enabling	a	consistent	base	
to	 reach	 safety	 and	 quality,	 when	 the	 nationwide	
variability	 of	 students’	 bodily	 dimensions	 is	
considered,	 setting	 sizes	 without	 proper	 research,	
could	 cause	 harmful	 outcomes.	 To	 avoid	 such	 an	
outcome,	 conducting	 nationwide	 anthropometric	
researches	 on	 classroom	 furniture	 to	 maintain	
children’s	bodily	health	is	an	eminent	need.	By	this	
way,	General	Directorate	of	Primary	Education	could	
establish	more	 reliable	 standards	 and	State	 Supply	
Office	 could	 produce	 anthropometrically	
appropriate	classroom	furniture.		

Although	 the	 sample	 size	 of	 this	 research	 is	
statistically	generalizable,	it	should	be	noted	that	the	
obtained	 data	 is	 specifically	 pertaining	 to	 İzmir,	
Turkey,	and	should	be	used	for	designing	classroom	
furniture	that	is	only	aimed	for	the	regional	market.	
Indeed,	 to	 propose	 a	 widely	 covered	 classroom	
furniture	 design	 guideline,	 further	 research	 should	
be	 conducted	 which	 incorporate	 anthropometric	
data	 from	 other	 age	 groups	 and	 different	 parts	 of	
Turkey.	
	

	

	

	

	

Acknowledgements	

	

This	 research	 was	 supported	 by	 IZTECH	 Scientific	
Research	Project	Fund	(2010IYTE31)	
	

Conflict	of	Interest	

No	conflict	of	interest	was	declared	by	the	authors.	

	

References		

Açık,	E.,	Kayıhan,	H.,	&	Aran,	O.	T.	(2014).	İlköğretim	
Okullarında	 Okul	 Mobilyasının	 Antropometrik	
Uygunluğunun	 Değerlendirilmesi–Pilot	 Çalışma.	
Ergoterapi	 ve	 Rehabilitasyon	 Dergisi,	 2(3),	 131-
140.		

Agha,	 S.	 R.	 (2010).	 School	 Furniture	 Match	 to	
Students'	 Anthropometry	 In	 The	 Gaza	 Strip.	
Ergonomics,	53:3,	344-354.	

Afzan,	 Z.	 Z.,	 Hadi,	 S.	 A.,	 Shamsul,	 B.	 T.,	 Zailina,	 H.,	
Nada,	 I.,	 &	 Rahmah,	 A.	 S.	 (2012).	 Mismatch	
Between	 School	 Furniture	 and	 Anthropometric	
Measures	 Among	 Primary	 School	 Children	 in	
Mersing,	 Johor,	 Malaysia.	 Southeast	 Asian	
Network	 of	 Ergonomics	 Societies	 Conference	
(SEANES)	(pp.	1-5).	IEEE.	

Akın,	 G.,	 &	 Sağır,	 M.	 (1998).	 İlköğretim	 Sıra	 ve	
Altlıklarının	 Ergonomik	 Tasarımında	
Antropometrik	 Veriler.	 6th.Ergonomic	 Congress	
(pp.	68-78).	Ankara:	MPM	Publications	No:622.	

Altman	D.	G.	 (1991).	Practical	 statistics	 for	medical	
research.	London:	Chapman	&	Hall	

Babayiğit,	 Ö.	 (2017).	 İlkokul	 Birinci	 Sınıf	
Öğrencilerinin	Sırada	Yanlış	Oturma	Biçimlerinin	
Ve	Nedenlerinin	Incelenmesi.	Abant	İzzet	Baysal	
Üniversitesi	Eğitim	Fakültesi	Dergisi,	17	(3),	1144-	
1171.	

Burdurlu,	E.,	Usta,	İ.,	İlçe,	A.	C.,	Altun,	S.,	&	Elibol,	G.	C.	
(2006).	Static	Anthropometric	Characteristics	Of	
12-15	 Aged	 Students	 Living	 In	 Ankara/Turkey.	
Hacettepe	Üniversitesi,	Sosyolojik	Araştırmalar	E-
Dergisi,	2006,	1-5		

Castellucci,	H.	I.,	Arezes,	P.	M.,	&	Viviani,	C.	A.	(2010).	
Mismatch	Between	Classroom	Furniture	and		



Ergonomi	2(3),	167-177,	2019	

176	

	

Anthropometric	 Measures	 in	 Chilean	 Schools.	
Applied	Ergonomics,	41(4),	563-568.	

Castellucci,	H.	I.,	Arezes,	P.	M.,	&	Molenbroek,	J.	F.	M.	
(2014).	Applying	Different	Equations	to	Evaluate	
the	 Level	 of	 Mismatch	 Between	 Students	 and	
School	 Furniture.	 Applied	 Ergonomics,	 45(4),	
1123-1132.	

Castellucci,	H.	I.,	Arezes,	P.	M.,	Molenbroek,	J.	F.	M.,	&	
Viviani,	C.	(2015).	The	Effect	of	Secular	Trends	in	
The	Classroom	Furniture	Mismatch:	Support	for	
Continuous	 Update	 of	 School	 Furniture	
Standards.	Ergonomics,	58(3),	524-534.	

Castellucci,	 H.	 I.,	 Catalán,	 M.,	 Arezes,	 P.	 M.,	 &	
Molenbroek,	 J.	 F.	 M.	 (2016).	 Evidence	 for	 The	
Need	to	Update	 the	Chilean	Standard	 for	School	
Furniture	 Dimension	 Specifications.	
International	Journal	of	Industrial	Ergonomics,	56,	
181-188.	

Chaffin,	 D.,	 &	 Anderson,	 G.	 (1991).	 Occupational	
biomechanics.	New	York:	Wiley.	

Dianat,	I.,	Karimi	M.	A.,	Hashemi	A.	A.,	&	Bahrampour,	
S.	 (2013).	 Classroom	 Furniture	 and	
Anthropometric	 Characteristics	 of	 Iranian	 High	
School	Students:	Proposed	Dimensions	Based	on	
Anthropometric	 Data.	 Applied	 Ergonomics,	 44,	
101-108	

Erdogan,	Y.,	Erkoc,	M.	F.,	&	Sakar,	C.	(2007).	Kadıköy	
Ilçesindeki	 Ilk,	 Orta	 ve	 Yüksek	 Öğretim	
Kurumlarındaki	 Bilgisayar	 Laboratuarlarının	
Osha	 Ergonomik	 Kriterlerine	 Göre	 Incelenmesi.	
Elektronik	Sosyal	Bilimler	Dergisi,	6(20),	83-94.	

Evans,	W.	A,	Courtney	A.	 J.,	&	Fok	K.	F	 (1988).	The	
Design	of	School	Furniture	for	Hong	Kong	School	
Children:	 An	 Anthropometric	 Case	 Research.	
Applied	Ergonomics,	19,	122-134.	

Fisher,	 R.	 A	&	Yates	 F.	 (1974),	Statistical	 tables	 for	
biological,	 agricultural	 and	 medical	 research.	
London:	Longman	

General	Directorate	of	Primary	Education	Standards	
(http://tegm.meb.gov.tr/www/temel-egitim-
genel-mudurlugune-bagli-okul-oncesi-ve-
ilkogretim-kurumlarinda-kullanilan-temel-	

	

donatim-malzemelerinin-asgari-
standartlari/icerik/170)	Access:	22	March	2015	

Gouvali,	M.,	&	Boudolos,	K.	 (2006).	Match	Between	
School	 Furniture	 Dimensions	 and	 Children’s	
Anthropometry.	 Applied	 Ergonomics,	 37,	 765-
773.	

Helander,	M.	 (1997).	Anthropometry	 in	workstation	
design.	 	 In	 M.	 Helander	 (Ed.),	 A	 Guide	 to	
ergonomics	 of	 manufacturing	 (pp.	 17-28).	
London:	Taylor	&	Francis.	

Kayıs,	 B.	 (1986).	 An	 anthropometry	 survey	 on	
Turkish	 primary	 school	 children.	 The	 Scientific	
and	Technical	Research	Council	of	Turkey.	

Kayıs,	B.	(1987).	Using	of	the	anthropometric	data	in	
ergonomic	designing	of	primary	school	buildings.	
The	 Scientific	 and	 Technical	 Research	 Council	 of	
Turkey.	

Kayıs,	 B.,	 &	 Özok,	 A.	 F.	 (1991).	 Anthropometric	
Survey	Among	Turkish	Primary	School	Children.	
Applied	Ergonomics,	22,	55-56.		

Khalil,	 T.	 M.,	 Abdel-Moty,	 E.	 M.,	 &	 Rosomoff,	 H.	 L.	
(1993).	 Ergonomics	 in	 back	 pain:	 A	 guide	 to	
prevention	 and	 rehabilitation.	 New	 York:	 Van	
Nosrand	Reinhold.	

Knight,	 G.,	 &	 Noyes,	 J.	 (1999).	 Children’s	 Behavior	
And	 the	 Design	 of	 School	 Furniture.	
Ergonomics,	42	(5),	747-760.	

Koskelo,	 R.,	 Vuorikari,	 K.,	 &	 Hänninen,	 O.	 (2007).	
Sitting	 and	 Standing	 Postures	 Are	 Corrected	 by	
Adjustable	 Furniture	 with	 Lowered	 Muscle	
Tension	 in	 High-School	 Students.	 Ergonomics,	
50(10),	1643-1656.	

Macedo,	A.	C.,	Morais,	A.	V.,	Martins,	H.	F.,	Martins,	J.	
C.,	 Pais,	 S.	 M.,	 &	 Mayan,	 O.	 S.	 (2015).	 Match	
Between	 Classroom	 Dimensions	 and	 Students’	
Anthropometry:	 Re-Equipment	 According	 to	
European	 Educational	 Furniture	 Standard.	
Human	Factors,	57(1),	48-60.	

Molenbroek,	 J.,	 &	 Kroon-Ramaekers,	 Y.	 (1996).	
Anthropometric	design	of	a	size	system	for	school	
furniture.	Proceedings	of	the	Annual	Conference	of	
the	Ergonomics	Society:	Contemporary		



Ergonomi	2(3),	167-177,	2019	

177	

	

Ergonomics	 (pp.130-135).	 London:	 Taylor	 &	
Francis.	

Malina,	 R.	 M.,	 Bouchard	 C,	 &	 Bar-Or	 O.	 (2004).	
Growth,	maturation,	and	physical	activity.	2nd	ed.	
Champaign,	IL:	Human	Kinetics	Books		

Murphy,	S.,	Buckle,	P.,	&	Stubbs,	D.	(2003).	Back	pain	
amongst	 schoolchildren	 and	 associated	 risk	
factors.	 In	 Proceedings	 of	 the	 XVth	 Tiennial	
Congress	 of	 the	 International	 Ergonomics	
Association	 and	 the	 7th	 Joint	 Conference	 of	 the	
Ergonomics	 Society	 of	 Korea/Japan	 Ergonomics	
Society	(Vol.	5,	pp.	24-29).	

Oborne,	 D.	 J.	 (1996).	 Ergonomics	 at	 work:	 Human	
factors	 in	 design	 and	 development,	 3rd	 ed.	
Chihester:	John	Wiley	&	Sons.		

Occhipinti,	 E.,	 Colombini	 D,	 Molteni	 G,	 &	 Grieco	 A.	
(1993).	Criteria	for	the	Ergonomic	Evaluation	of	
Work	Chairs.	Work,	84(4),	274-85.	

Oxford,	 H.	 W.	 (1969).	 Anthropometric	 Data	 for	
Educational	Chairs.	Ergonomics,	12,	140-161.	

Parcells,	 C.,	 Manfred,	 S.,	 &	 Hubbard,	 R.	 (1999).	
Mismatch	 of	 Classroom	 Furniture	 and	 Body	
Dimensions:	 Empirical	 Findings	 and	 Health	
Implications.	Adolescent	Health,	24,	265-273.		

Parvez,	M.	S.,	Parvin,	F.,	Shahriar,	M.	M.,	&	Kibria,	G.	
(2018).	 Design	 of	 Ergonomically	 Fit	 Classroom	
Furniture	 for	 Primary	 Schools	 of	 Bangladesh.	
Journal	of	Engineering,	1-10.	

Panagiotopoulou,	 G.,	 Christoulas,	 K.,	 &	
Papancholaou,	 A.	 (2003).	 Classroom	 Furniture	
Dimensions	 and	 Anthropometric	 Measures	 in	
Primary	School.	Applied	Ergonomics,	35(2),	121–
128.	

Pheasant,	 S.	 (1986).	 Bodyspace-anthropometry.	 In:	
Ergonomics	and	design.	London:	Taylor	&	Francis.		

Pheasant,	 S.	 (1991).	 Ergonomics,	 work	 and	 health.	
London:	MacMillan.	

Ramadan,	M.	Z.	(2011).	Does	Saudi	School	Furniture	
Meet	 Ergonomics	 Requirements?.	Work,	 38(2),	
93-101.	

	

	

Rosyidi,	C.	N.,	Susmartini,	S.,	Purwaningrum,	L.	L.,	&	
Muraki,	 S.	 (2014).	 Mismatch	 Analysis	 of	
Elementary	 School	 Desk	 and	 Chair	 Key	
Characteristics	 in	 Indonesia.	 Applied	 Mechanics	
and	Materials,	660,	1057-1061.	

Sanders,	 M.	 S.,	 &	 McCormick,	 E.	 J.	 (1993).	 Applied	
anthropometry,	 work-space	 design	 and	 seating.	
Human	Factors	in	Engineering	and	Design.	7th	ed.	
Singapore:	McGraw-Hill.	

Szeto,	 G.,	 Straker,	 L.,	 &	 Raine,	 S.	 (2002).	 A	 Field	
Comparison	 of	 Neck	 and	 Shoulder	 Postures	 in	
Symptomatic	and	Asymptomatic	Office	Workers.	
Applied	Ergonomics,	33	(1),	75–84.	

State	 Supply	 Office.	 (www.dmo.gov.tr)	 Access:	 17	
April	2014	

Uluuysal,	 B.,	 &	 Kurt,	 A.	 A.	 (2011).	 İlköğretim	
Bilgisayar	Laboratuarlarının	Ergonomik	 Ilkelere	
Göre	Incelenmesi:	Eskişehir	Ili	Örneği.	Ahi	Evran	
Üniversitesi	Eğitim	Fakültesi	Dergisi,	 12(2),	271-
285.	

Usan,	 S.	 (2010).	A	view	of	 ergonomic	 evaluation	of	
primary	schools	and	rearranging:	Applications	in	
Çukurova	 region.	 (Unpublished	 Master	 Thesis).	
Çukurova	 University,	 Institute	 of	 Natural	 and	
Applied	Sciences,	Adana,	Turkey.	

Wutthisrisatienkul,	 T.,	 &	 Puttapanom,	 S.	 (2019).	
School	 Furniture	 Ergonomic	 Assessment	 Via	
Simplified	 Measurements	 and	 Regression	
Models.	 Songklanakarin	 Journal	 of	 Science	 &	
Technology,	41(1),	89-95.	


