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Abstract

Students spend long hours sitting down in schools. Considering the previously presented results, it was found that there were
ergonomic mismatch between students dimension and classroom furniture. To design classroom furniture ergonomically, accurate
dimensions of students were essential. However, it was known that measurement of body dimension was time consuming and
required skilled measurer. The aim of this study was to develop models for estimation of students’ dimensions which were
essential for classroom desk and chair design. The sample consisted of 684 students in grade 1-6. Age, statute, and weight of
students were collected. Eight anthropometric characteristics required for desk and chair design, were measured, i.e. popliteal
height (PH), buttock-popliteal length (BPL), elbow height while sitting (EHS), hip width (HW), thigh thickness (TT),
subscapular height (SUH), elbow-to-elbow breadth (EEB), and functional reach (FR). The parameter correlation of collected
data were determined by considering Pearson’s Correlation Coefficient. Simple linear regression and multiple regression model
were developed. It was found that age, statute, and weight were good predictors for estimation of seven students’ dimensions
which were PH, BPL, HW, TT, SUH, EEB, and FR. The value of R® for the simple linear regression and multiple regression

model were 75.4-85.2% and 76.6%-86.5%, respectively. However, the estimation of EHS was not recommended for using
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age, statute, and weight as predictors since it showed low R’ value (<40%). The research results showed that the regression

models can be used efficiently for estimation of essential students’ dimensions, therefore, the complexity of direct measurement of

students’ dimensions can be abolished.

Keywords: estimation of body dimension, primary school student, classroom desk and chair design
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M5191 3 PNAANNFNNUSVIILUSHUTAFIUTINME (n=633 AL)

Pearson’s correlation Coefficient

Anthropometric S W Age BMI
PH 0.904* 0.691 0.792 0.402
BPL 0.923* 0.820 0.790 0.575
EHS 0.565 0.609* 0.428 0.505
HW 0.748 0.912* 0.561 0.844
TT 0.742 0.919* 0.562 0.848
SUH 0.868* 0.773 0.714 0.538
EEB 0.670 0.899* 0.488 0.876
FR 0.920* 0.787 0.767 0.520

] o fl g
NULAG : *1aNaDe @ Pearson correlation coefficient PNIOYNVWATOTIUITNNBUU

N15§319FNNIT0NDD8BEINNIY UWAE dNNIT
000 TINY

dumMsannpeadnehy (uaasly as1ei 4) an
g¥19duanndndsiiaanuduiussudadiu
‘iwmﬂdmﬂy'umﬂﬁqﬂ (mswﬁ 3) @awue R
YIFUNITON0DADENINEBLTEUINN 75.4-85.2%
anLI é‘fmhuwmmmgwm%aﬂanwmzﬂ"q (EHS)
i R2uhAu 37.19%

aummmaam%qwugﬂa%ﬁyjuimmitﬁanﬁa
LLﬂiﬁﬁwummmz’i’uﬁuﬁmnﬁqmﬁau w3916
wsfifimneanuduussesasnadeanmsaulde
RUNNTiga wuhen Raesaumsnanasidanyad
FEWTN 76.60-86.5% 8NLIU d0EIUYDIANNGEN
Farenumzifa (EHS) #ifien R2Whfy 38.509% @4
aumsﬁﬁﬁqvﬂé’uamagiu a5197 4 Taoruns
3Lﬂiﬁ$ﬁLLa$a§ﬂ1é’ﬁﬂﬁ

- dadwusnme PH  dadiinTadadiuay
(Age) dhluazhliien R2 iy 0.8%

~ §adusrame BPL, SUH uaz FR iy
Tasadu dmidn (W) uhluasilien Radiasy
1.3%, 1.2% Waz 0.4% MUAIAU

- dadweme EHS daiaTadaduanugs
sl Qv lvien RAuiadi 1.49

- dedusene HW, TT uwas EEB iaLdin
Tadaduanugauaza BMI agyivlien RAiaay
1.8%, 0.6% Was 2.7% MNMAU

m'il,ﬂ"%ﬂuLﬁsmwamu’?%’aﬁﬁmmﬁﬁ'mmqmﬁ
Sou ?ilwmstf (GLReEEL" ?illwsmﬁ, 2554, 14.39-66)
AAnFaFININM LT AEIUBUN AN BT B
WninGeudszandn tilelflumsasnuuuiaias
Gauluviaadou leglavhmsiivdayadadiusime
WANATEUTINIY 20 dadin MnTIIUTASEY
360 AU Yadadusemeentinssulesldssuu
MNeNedIneaz NG wazlimsinauadadiusrenea
fwmiautuanAdeil 6 dau Ao PH, EHS, HW, TT,
EEB uaz FR lagmsa3iNannsonnneidadunen
Dezasganssalahanug wazthwiinuainGey
anmenNFNus UL asdadu dauaadly ;e 4
é’z’}mamuﬁﬂwmqmaﬁm Ffiunaumsanoas
athadhsasdadumeiiienuduiusiuanugs
I§uA PH, EHS uaz FR lunaifigunmsonoasad
Pevaedadiuheaneidenuduiusiuiimin
1§ud HW, TT waz EEB @4 R® 289a1nS0n00n
2eNEBLTENIN 23.2-74.2%

HAM IV FNMI0NEBEENNENNUSTEi

#aEIUITEYBIFANITIUTANNTBANABINUT)



ﬁ'ﬂfchusfwmﬂﬁﬁmmﬁuﬁuéfﬁu&hugq léwd PH fu
FR  watfidadiusremeiiianuduiusgiuihwin
1§ud HW, TT, EEB lagiien RPnnanddaiilsend
g9nd R® vesanAdeganssamnnsdl agnalsnany
dgumsonnaeaehadInsunea EHS wuany
uanes Tagganssuwuinen EHS  gnihwnelad
figadhadanuge (S) 7t R® iy 45.29 Tuausii

v '

NUIBAWUI EHS  aansavnnelaangasiaa

q

1w (W) Teedia) R7iNes 37.1%

AN 4 TUNTONNDBENDENUINNTONDBEBINY

Naresuan University Journal: Science and Technology 2015; 23(2) 103

'1un'sfﬁﬁmmﬁmiwﬁaumsnﬂnaﬂL%qwuffu
WUl INUIBEIEANITIN LEudshue
U2 i ae S, W dmsurimnemmndadiy
Turazinuddeiilgansaniiadud sihmnewae
munldlugums Bu S, W, Age uaz BMI uad

JaeimaIn i R® geage Fedsualiar R*n

v
= v ]

NITeHNMgInIABUNNENMS (8ntiy EHS)

el (n=633 Aw)

NILFANITINU (n=36001)

dadiu
. GEViRR] JUNIT GEViRR] iR
WY L - Lo -
DnDeYNIY ﬂGmEJEIL"N‘W‘Vj 000U INNY nﬂnammwvg
2.83 + 0.223 S + 0.0063
3.16 + 0.24 S 4.90 + 0.20 S + 0.30 Age 2.50 + 0.227 S
PH w
(81.7%) (82.5%) (57.7%)
(57.7%)
-8.03+0.32S - 2.69 +0.27 S + 0.08 W
BPL - -
(85.2%) (86.5%)
1.34 + 0.110 S + 0.0478
12.7 + 0.132 W 8.28 + 0.0417 S + 0.0961 W -1.14 + 0.140 S
EHS W
(37.1%) (38.5%) (45.2%)
(47.0%)
- 9.01 - 0.07 W + 0.87 BMI + 17.4 + 0.0578 S + 0.213
17.2 + 0.33 W 23.6 + 0.263 W
HW 0.18 S w
(83.2%) (29.2%)
(85.0%) (30.1%)
- 4.32 + 0.06 W + 0.29 BMI + 8.80 + 0.00521 S + 0.0750
3.71 + 0.18 W 9.36 + 0.0795 W
TT 0.05S W
(84.5%) (23.2%)
(85.2%) (23.3%)
-1.03+0.26 S 3.26 + 0.21 S + 0.06 W
SUH - -
(75.4%) (76.6%)
- 2.15 + 0.03 W + 1.06 BMI +
19.8 + 0.44 W 26.7 + 0.331 W 12.3 + 0.136 S + 0.214 W
EEB 0.12'S
(80.9%) (39.9%) (44.0%)
(83.6%)
- 4.59 +0.48 S - 0.35+0.44S + 0.06 W 6.18 + 0.448 S 12.0 + 0.377 S + 0.111 W
FR
(84.7%) (85.1%) (74.2%) (75.7%)

winewe : () naneda R’

WisuauamnsnenIaiuaaaanis

Lf‘immﬂaumsnﬂnaﬂL%qwnﬂmﬂ%ﬁwmu
Mudsnaea ﬁqﬁuﬁqmmﬁmmmaquﬂlumﬂ%’
uiteazihanlFlunmswennsal daiuislanaans
wWisufisual R® 5eniNdun1son 0 ndl1edie

(Mudsil S, W) AuanmMsanaaeamwy (s
S, W, A, BMI) lagnsitaseimanuuaneead
ANENNSlaDaNNITaIE Paired  T-test 526U
HadA 0.05 (99 5) wamMsIAEWLN i
wennselaasnsdasaunIsiiaunndadiu (aniiu



104 Naresuan University Journal: Science and Technology 2015; 23(2)

HW) flenuuanseiuiissduiadda 0.05 wang
ANl BIENMIIANNLANINTY Gy
msligumsnaosedangannennsaidadiuseme
tindsurzuduiininilasniien R? genhdmiu

AWEINTAYDIFTAIFNNI TN LNUANGNNAY ADENAIT

P9F0EIU HW  wanshauiaenunneasazlnn
wmz‘ﬁ'ﬁgnv’hmalﬁmnﬁ”’qaumsﬂﬂﬂaﬂaah\a\iwuaz
aumsaﬂnaﬂL%qug%qaumsaﬂnaﬂashw'w%
gzannlumslFnumnnniniissnnlddudsiune
Veaniuazanansaliemswennseliliuanaeii

M59H 5 MsSeuisuamwennsailagld Paired T-test (n=633 A)

Simple Multiple
Anthropometric Paired T-test
Mean + SD Mean + SD
PH 35.2+3.0 35.1£3.0 0.024*
BPL 35.9+4.1 36.0+4.2 0.001*
EHS 17.0+1.6 17.1£1.6 0.000*
HW 28.1+4.0 28.1+4.0 0.331
TT 9.7+2.2 9.7+2.2 0.031*
SUH 33.7+3.3 33.6+3.3 0.000*
EEB 34.2+5.2 34.3£5.3 0.004*
FR 60.6+6.1 60.7+6.1 0.000*

ANBLAG  * Significanceﬁ 0 = 0.05
anlUsaua

ASNEINTAAIFAFIUTINNIBYBILANTNLTEY
U 8 EMST NNAT FIUGN hwiin wazany
g ldnuamnsamuuamaadiuinmayean
Uni3suds 6-13 U (Fuiszondnwnili 1-6)
laatazain 510157 uazgnasausiue Femdndu
8 simsmanii saudumiisidulumssanuuy
Tiewazimain@audmdusulssonfnnilii 1-6

mawensalen PH  auagiudiuisiue
2 $18M3T A ANNFGITNMEY Uazang Heapnnand
AUNIUIBVBY  Adekunle Ibrahim Musa (Musa,
2011, pp. 499-508) fseauh vnadasiu
510ﬂ1£|LﬁﬂﬁﬂL%ilunﬂﬂﬂﬂﬁflﬁ’uﬁ'uﬁu Li"lamql,ﬁﬂ
By (12-17 ) M HW  nmddeiiaanse
wennsalanaIndsiugtieassIensiien de @
miinsanie deanuduwusila) r’ gada
83.2% miilagsssundvasmsazanlyiudiuiu

TudumenywdadiiasTnandenihvasndaduuay
waaideiilalddiansdanantfeanazzung
Fuuau Jadedeuaasiiazlnn wananil muiteds
wuh @ S was W lludhudshinedisniwagly
mangnnsalmdadiuiumeiishdgdsenadaaiu
mATerasgeMsI Alwnsd (FansIn Alwnsd,
2554, U.39-66) dnsumseanuuuldzuazig

1% <

SusuentiniSey aaly S,W uduaiudsyinne

]
o

nahadmsuldnennsalan BPL, TT, SUH, EEB
uaz FR Taglsien R® 520379 76.69%-86.5% Failu
migansuldmeadn

aghalsfiana mswennselen EHS e R shann
(38.5) Aulaignsaagllan ar w, s §idnswa
danafa EHS  eawu wanuiseiiiauauus
mwennsal 7 518MIAB Tmﬂaumsm%uﬂmagﬂu
sUf 4 Fawovizavasdrudsriiune da
110<8<169, 15<W<84, 11.42<BMI<32.89,
6<Age<13



-1 52 +0.06W+0.29BMI+0 1055

=

—

=]
=
=
¥
L
—
™
=
+
ot
™
o

4.5 +0.205+0 .30 Aga

Naresuan University Journal: Science and Technology 2015; 23(2) 105

40354 0,445 40 064

[
—————
r

5 Statwig

W' - Waight

FH : Poplitaal Height (2 5%
BPL : Buttark- Popliteal Length (B6.5%.)

HW : Hip Width (83.2%)

!

{

7240350
— &

-2 6040275 +0 Q5w

-2.15+0.05W+ 1 06EMI+0.125

3Ui 3 sumsaanasasdadIuTNME
Ghl

mseanwuuldzuazidaidniiniGeusniudas
Miedemadadiuiemeaadn wialivinmg
m’sﬁqgnﬁmmuwﬁnmsﬂmam% Fansusziiiv
anuminzanaldzimsazlseifivlasymsde
nedadnldzisuszioudisusunnedadi
%NmimmQ’ﬁw%atﬁnﬁﬂL%tluiwﬁmmaamﬂé'm
ANNANAITNNMSEAIFASUIa LN peralsAan
msiavedadriusemeidudasardennusuas
wsnsiiamwizlumsia SehliReanudgeennuay
ey sauxannandsailnlvlasunsils
Tumsywrersane1nsalzuIadadIus M2
iniFeulaslfifissdayatadoiugiu da anug
vhwiln Ltazmq?}qwuﬁwmswsnﬂiiﬁmé'ﬂdmﬁiwmﬂ
7 dodu leéwn PH, BPL, HW, TT, SUH, EEB uag
FR @350 lddunisannnetdatdundredneg
(R’=75.4-85.2%) w3aldaun1sonnasidany
(R*=76.6%-86.5%) lun1swennsaileiuadrad

P o v & '3
Na"llENQ"I‘L!')QEI'YII@G']N']SQH']VL‘]JGL"ULWﬂﬂji‘WEﬂﬂim

TT : Thigh Thickness [55.2%:

., .2
WUTHIHA (] =AT R

dodruvaadninsautinamssanuuuldzinania
I 4 = a' o | L4 v [ 1
wasiaasluraassuniniludesldzuranenan
WU NISEDNLUUAINNINYBINIALpDALUU LA
WA NAUasIFEUA INaN 95 299 HW NMS8anuuu
ANNENYaeNiNazaanuuuliagsznin 0.8-0.95

wheaem BPL Wudy (haradau Tnan uazadu

q

v
=

deaned, 2556, 1. 18-27) JALAUUBINUITHUAD
TumsiaznadadaiusemeazyinmMsIalagnsean
msmvuagezasimeadniniFauirliian
wiug gy uenntulumsadreanmsluns
Uszanaml@mmsiensilassansaudninGoui
fvnedadiusrmeluaniadniiuly (£3 sigma)
i ldaaanuulsunuasdayaadla aglsnonu
HaTnMUATenUhmdadiuemedliananselis
wdsiugrune s dalunrsweansel #a @1 EHS
[isenndien R® ieani 409 edn EHS 218 ums

€

2DNULULAINAANNGTNIIIzaNTs LGz EaY aauE

b.e

neeeniseanwuuldrisauaraasldariaanun
wuzi iy wan.1495 (asgrundanmed

< = k4 1 < = o @
gasvnssnlazisen) la agnalsianuasiinmside



106

WML ANLINaYaIuUslumsUssanaen EHS Nau
WNZENINNENT UGB LU

AnenIsnUszn e

parpuAunUatuayuINIUlsTInatuNela
(ENG570584S) 21nN¥INGIA8a2aIUAITUNIUEY
DUBUNWILAMHUTNIT 8158 UaEYABINTV DY
Tsadeu wazgunasawasinSaulsaSaumauna o
(Budeeanaad) .89 Tlsudsumnaunatnugm
81996 T9TaNnge wazlswSeuinauia «
(IMNUNT) WHIANTI ﬁaﬁuaqmmﬁﬂ THanu
fflauazidadladoya auduSaganluldced

LanN§I5819d9

natiau Twzw uazedu deamd. (2556). AN
wanzangaslizuazing lusiasdsusumnadasiu
SamevesinBeurulstandnmi 1. 115975
N INENBEULIAIS, 21(1), 18-217.

AnG dunsiuuv. (2548). NIsgAITAS
(Ergonomics) (WNWASIN 2). NJUNW: ehiiniaw

LL‘V;Q"\!W']EN ﬂ’iﬂi&m'ﬁﬂiﬂ ael.

Faun guaw, nanatiau Twrw, uazadu deanad.
(2557). ANuFanAdaawINalasLA AT N GIuR
NNaFasIuImeraninB3eussausulsandne:
nsdidne Tsedsunianiieslusaniaasaan.
IAINTINFIT VY, 41(4), 463-471.

qmsIod Alwnse. (2554). Foyadndusmeuas
BNIFINYUINTNMEYBNAN NSNS aN AN
vialgluniseanuvuiniavidauluaaiou.
IngrfdwusUsyarnvidudn, 3uiansol

NYINENDE.

Naresuan University Journal: Science and Technology 2015; 23(2)

adu dawad  waznarwdeu Twyun. (2556).
nIsgAIdasuasnIsUseilu. d92871: A

FAINTTNAFNS NVINENFUFIUAIUATUNS.

Aagaard-Hansen, J., & Storr-Paulsen, A. (1995).
A comparative study of three different kinds of
school furniture. Ergonomics, 38(5), 1025-1035.

S. (2010). School

Agha, furniture match to

student’s anthropometry in the Gaza  Strip.

Ergonomics, 53(3), 344-354.

Agha, S. R., & Alnahhal, M. J. (2012). Neural
network and multiple linear regression to predict
school children dimensions for ergonomic school
furniture  design.

Applied  Ergonomics, 43,

979-984.

Castellucci, H. 1., Arezes, P. M., & Molenbroek, J.
F. M. (2015). Analysis of the most relevant
anthropometric dimensions for school furniture
selection based on a study with students from one

Chilean region. Applied Ergonomics, 46, 201-211.

Castellucci, H. 1., Arezes, P. M., & Viviani, C. A.
(2010). Mismatch between classroom furniture and
anthropometric measures in Chilean schools. Applied

Ergonomics, 41, 563-568.

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.

Drillis, R., Contini, R., & Bluestein, M. (1964).
Body segment parameters; a survey of measurement

techniques. Artificial limbs, 25, 44-66.



Evans, W. A., Courtney, A. J., & Fok, K. F.

(1988). The design of school furniture for

Hong Kong schoolchildren.
19(2), 122-134.

Applied Ergonomics,

Findings, E., & Implications, H. (1999). Mismatch
of Classroom Furniture and Student Body Dimensions.

Journal of Adolescent Health, 24, 265-273.

Gouvali, M., & Boudolos, K. (2006). Match
between school furniture dimensions and children’s

anthropometry. Applied Ergonomics, 37, 765-773.

Jeong, B., & Park, K. (1990). Sex differences in

anthropometry  for  school  furniture  design.

Ergonomics, 33(12), 1511-1521.

Musa, A. I. (2011). Anthropometric evaluations and
assessment of school furniture design in Nigeria: A
case study of secondary schools in rural area of
Odeda, Nigeria. International Journal of Industrial

Engineering Computations, 2, 499-508.

Niekerk, S. M., Louw, Q. A., Grimmer-Somers, K.,
& Harvey, J. (2013). The anthropometric match
between high school learners of the Cape Metropole
area, Western Cape, South Africa and their computer

workstation at school. Applied Ergonomics, 44, 366-371.

Naresuan University Journal: Science and Technology 2015; 23(2)

107

Oyewole, S., Haight, J. M., & Freivalds, A. (2010).
The ergonomic design of classroom furniture/
computer work station for first graders in the
elementary school. International Journal of Industrial

Ergonomics, 40, 437-4417.

Panagiotopoulou, G., Christoulas, K., Papanckolaou,
A., & Mandroukas, K. (2004). Classroom furniture
dimensions and anthropometric measures in primary

school. Applied Ergonomics, 35(2), 121-128.

Prado-LeoHn, L. R., Avila-Chaurand, R.,
& GonzaHlez-Mun, E. L. (2001). Anthropometric
study of Mexican primary school children. Applied

Ergonomics, 32, 339-345.

Ramadan, M. (2011). Does Saudi school furniture

meet ergonomics requirements?. Work, 38(2),

93-101.

Wingrat, J., & Exner, C. (2005). The impact of
school furniture on fourth grade children’s on-task
and sitting behavior in the classroom: a pilot study.
Work, 25(3), 263-272.

Yeats, B. (1997). Factors that may influence
the postural health of schoolchildren (K-12). Work,

9(1), 45-55.



