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ABSTRACT

Title of Thesis :  Application of Universal Trash Can Design.
Name of Student: Yuan-How Hsu Advisor : Hung-Cheng Tsai

This research surveys and reforms the design of the daily appliance
“trash can” under the aspects of human factors engineering and universal
design. Trash can is an essential product in daily life as Taiwan gradually
becomes the aged society and the number of the seniors who live in solitude
grows annually. Hence, from the discussion of the use method of the trash can,
the research tends to reduce the physical damages from stooping the garbage
or cleaning it. Its purpose aims to create the design fitting for universal
standard so people ranging from children, adult, senior and the handicapped
can apply it at more ease.

The research focuses on 35 young testees from the age 18 to 30 and 30
senior testees of the age above 65 and has the following results under
experiments trash can usage and subjective assessment: (1)In the aspect of
physical assessment, patency of the height of the testee exists in the
experiments of comfort of both body and knees. The experimental result
shows that the raised 75cm in height with 30 degree of inclination fit the
physical application the most. (2)In the aspect of body assessment, the
experimental result shows that the raised 75cm in height with 0 degree of
inclination creates smaller burden in human body. In the process of 75cm
weight rising, the inclination between 0-30 degree falls into the mild stage
which will not lead to the extent to cause body damage.(3)In the aspect of the
inclination reformation of the new trash can, 30 degree is the best in the

aspect of inclination. Both practicability and safety will be influenced with the

II



inclination above (including) 45 degree.

Apply the concept of universal design into trash can, reduce the caused
burden when the user interact with the trash can and make the operation more
convenient and fit to the use of human body. Experiment data & results and
subjective assessments of the research indicate that the usage efficiency will
be raised as the burden & damage toward human body will be reduced with
the design base of the weight in 75¢cm and 30 degree of inclination.

Keywords: Trash Can, Senior, Universal Design
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£ FENL‘—‘F'T » BerAR € F R E B S R F BB H o
I

SR BTN A AT B FE LS B BN A
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LA AMOBEREFESL DR A R R XL DRFT S AT
- RRDF T A G A RFLZ BHE (RBE AL > 2004)
1. dmoe vk @ Flamve K (L 15 > R S RS R 0 R P Al A
4 A FET A LS o in i E A —+g§f’m”e&]§]mDNA LG 0 AR
PRV #‘m”é’ﬁsb,‘:fﬁm;—*‘ °
£

wie DNA AF i a g > 2~ £ E A Y

MR MR EE RS hda b g 0 T AT ko
ﬁ”ﬁ F- TR DEE > BRAED K AF “Z—iﬁ,&,aa_g_g 2N
BB EEFFERWL ARA S BN
Hoe o e pop graed gr s (FiT 4 ,%j\p;@g#ﬁs;@gg— # EE 24 o
1. *4
SRR PR TR e > BB TR £
RIEfr PR EE  BEF ARG T cFREV L3 - BHEE o
EEE LR AR RS R FNE o AT A 2 F R
F AL Bl & TR R A HER > R Ble gl
EERFIET F F S4B & (F R 0 2006) 0 FlR 0 5T R
FUELNRN BB ORE > AR B Th A REERE

~
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2. ngg _;;,Ea )

AR Braed 6 G - LR LD 2 EEF AR A
AARHTER T 0 B g RAe R o SO R anp o Rvp A 2 e
I % 0 Flm s gIup mmﬁi\« B RERBM A A ARk B 3

RAup 4 G SN F 3 i AN E - B B RAT (F K50 1999)

B o T keE R R A AT sk P T sk Ao graed o RS B 39

—_\

SR ST A G SR T S B fE 0 B 86K Al i

A2, Faa 3t g mBaER TR g
BEEFAFFRER 2 FEE R (e 0 2002) -

fo-

ik

=

i

PN

e AP AR ER T A EE R € ¢ R4 (center
of pressure ) % R P A& L 5 AIRIE D $FF > #2303 éﬁé,‘i AR
% F 8 i enpe B (Gwanseob 2006 ) - 1245 Gorelick % 597§ > a4k

— Ee,@’-‘,fﬂ:’ %‘fmﬁﬂ"&ﬁ—?’r’gﬁ;ﬂk.ﬁ?—ﬁiﬁﬁ&lkﬁﬂ#?@{’ ] 4

TR EA AR YR e IR e Bl ot ek 0 A E A RS
PE S e B ST A 4 A BT 0030 F 8 SR g ( Gorelick et al >
2003) ¥ EREESTR AR R R A A AAM O ASHRSRRT T A
BATgrende 2 @ FEOR P F L o BRI E A g Bk RB AT X
boles AT A LR mE o RA B D T T gt
Sl K HBRE e MR K BRGRE T R FA L B
R REEA T 0 - A GO TR WL - R
EARFLEBERZFRE -
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S

B AP AN AR A LPAESE AR T B R F R
,&ﬁﬁ%ﬁﬂﬁ’ﬁ%g@ﬁﬁ%@ﬁ°ﬁ%?%%&’—&&%i
BRPF - EFEHFERIEEFT > jLAHT EFRI AT M@ T AL
HEGE 4 07 0 iR s TR G ook 2 R T h 4 R G R R R
TR RR Yy F AR OE R L - BRI PR OB RE LR
REPPL LD QR AR IR RET  BEEF S 1T
F1 (FETA A el W 0 R R R A T g
AXBLE hdB % (Lee > 2005)° F 14%en & ¢ 7] 4 54
FTHPER &R > # 2N 30X RGO A ZEF O ER S
5%h A ¥ G BT AR > FE Y 27% A g Fla R KT T FEF
(McGILL » 2002 ) o B3k 7l » & EHp2 % » L Foep 27 f deehip
3o 7 LR L - L e DA AR B TE o LT MR Y R

G Szl AN < E s I

2.3.1 ~ g3t /?'J"FFTH

T el - ,f@,ﬁg_; ARl R enEsA L BRI ET > WU [ B -
$OBARE T el e B R R iﬂ%z%:s LR R 4o 2.1 47
oo ko BEANES R e X REHR R

R g SRR A Lt eh o B g K TR R SRR

e
B fi 2 K TR RER P18 (Willam » 1996) © & 57§ 2B #7B % g B E
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1 M S B R ks P SRRk A AR (T4 0 B 22 2 4 20

»
’:"—r—/-[: o

VRSB :

SR

. IR

- BE

- HE

- Bi&

$6 K< I 5
. BS

- BTE
e
. BERS
R

L., = WO MDD OO T Q@

W21 ARFRFTEER
AL kiR ¢ Cushmanetal (1996) & &3 e A F]1 4% o

hiEfEE =

|

W22 s&L°¢ a7 LH

TR F1%2F2FT 5 SHEF CMFRTARL -




%21 & AV Jpip &3 R &R A (H 2imm)

7 g e
£ ipsE P TaE  |[EREL | THE L
£ % 1687.73  |59.75 1563.05 53.88
we 67.35 8.9 54.22 8.16
HE D AR
TR 750.77 32.42 704.51 32.68

FHRIR: F1% 2Erd o ofe F AT RIFRE o

232 S%irhyd BB 6 0T

1. 8%EF Ay o

FHEF 2RI KRR RIRIF O 07 > AIRIF Ao PF o ML Ay d
Fe- BapenS507-60" b & E R R dFd P2 AR MRS BB A
g B B 2 E T B hh (FE R AR F kR s SRERIA Y B R
SRR UEF B T L L o Ay P f G R e T W EPE
M e g 2 @5k o (Hertling » 1996 ) B %3547 Ay o & - 1395.4p B <
)I%FI % (Chow > 2003 & Brown > 2003 ) > $& ¢ f]* Flewep 3ip e 35 B
% 3w (Erector spinae ) ~ *£ & %% ( Rectus abdominis ) ~ £ *} &%~ (Obliquus
externus abdominis )~ #£ f £L3~( Obliquus internus abdominis ) % ig %= 38 4
SRAFRST A HAL NI FEE > R E s ALY B R P R B 4
BFFIRIF T r2 2x o PR E VU~ PR ALIUE o et ) BA U A R

Lo L A npd d RILA A 22 ¢ 5@ 8 4@ 2.3 #r7 (Warfel 0 2003 ) -
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%22 &g LSS

s # i
B P B s g o

gE o RRAEHS > L RN SHE > F 4 e ph et s
B W 2
}?Ef’]‘ %ﬂ_ﬂ"b /& ‘ﬁﬁpﬂarg y L%Pﬂgwll\ mnﬁqﬂ sy ¥ 4 pl V)&FE}:FT‘JV—I- o o

E’gp\ Al v /&%’%‘—F;.%K , A%Eﬂ‘?ip\ ﬁ”"’#ﬁ?ﬁ , ¥ 4 ‘:"1":3»]513?["?’!\?:1'* 5 o

FAL k& © John.H Warfel (2003)» se8 £ o

O’Sullivan %+ 20 Z & ch 2 #A7 A A HirbE ~ 1 8 hrhb T T
b AL B E MU BN AL s B it e BN o R R P
shE gL eep LR LB LA 0 VAR S ERRY E

SEA TR B 2 A R R e B R e E A R E
segrag ek i g 5 4 ec s (O’Sullivan > 2002) - d O’Sullivan 987 5 7

D RE R AR BT o A - B2 AT R g R MG T E T
AT e GRICE A A D KBt BRAAANAEEEAL G o
ik Lund S 3 ¥ dg > TR R FERRER EF P LV b
T XHJ ARFEHTLEFESTHF A4 2 ¥ EE > R T
(Lund » 2002) -

S BB inds (TX AR E o e Bk e (TEPT R LR T
e T a4y = T (Fogleman & Smith » 1995) » Jzd s
CR B RIS o - B TR EE FL R gk de
Piestjeigare Sk L 3F > naFX oI QEEFF DR ¢
FRARBIRFE R R A2 G T (St 0 2004) ¢ I F K
PTER T I F R R B A KRR RS > NP E AR A

i

5?'#"; ‘KE— "'l}—i;iw:ro
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SRR

SR fRA

(L. CAPITIS) (S. CAPITIS)
ThinRAL

(L. CERVICIS) A
SEEZANAN (S. CERVICIS)

(1. CERVICIS)

FaRERnAL —¢ i
(1. THORACIS) ! i/ BEERAN
(S THORACIS)

(1) g#sm

FEEE - AR N .
(Superior epigas- . I B TUA98NRY
inc artery) , 7 £) bk

(Lower inlercostal
and uppar lumbar
narves)

PREE T #IARAY
Az

(Muscular branch-
@s of infenior epi-
gastnc artery)

(3) okt
Bl 23 &30 00ep 1 2L (LEH 90 208 s 3 AL 4 p o)

BT IaIANR AT

(Lower intercostal nerves)

FREZ I ®HAKR

(Superior epigastric arlery)
2R T AT H0RE R
B eE
(lliohypogastric and ilioin-
guinal nerves)

(Muscular branches of infe-
rior epigastric artery)

(2) gz

T IBAN R

(Lower intercostal nerves)

{Superior epi-

gastric artery) i ﬂgﬂ!-F ?M‘Eﬂ]ﬂg
FER B 1T
(liohypogastric and
iliginguinal nerves)

BEEE T B4R

(Inferior epigastric artery)

(4) TP o

T kR ¢ JohnH Warfel (2003 ) 35 £ p o
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2. o B

Mo B de T A I Tando Bd iTorg 2T Fq » RREG I
# 1% = 2(Brooks 0 1995) o F #5H & & £ L AT Foeud 2% EFA -
ﬁ’1$E/k§?ﬁf?€w5%€3%i¢#%£w 'M% B EARH I B
PRS- S B PR IER T FS UNvE ST R SE Eor X 3
( Gwanseob Shin» 2006 )~ # $8 & & % {F ¥ &L 22358 (Damkot et al. » 1984 )
FRERAReFZE §£5 - 2 (Marrasetal. » 1987) o 30458 pF iy ¢

My

LREREDL L 90 PR fATHE R S A el 24 977 0 &R

—\\

GBS R RS A MY MY REET

T,
'S

SOBR 25 W0 B R - LR R e S @ E A

|

IR

(Shrawan> 1995)> FZ 3 BT 4B 2.5 5 T e B o u AL BFE R
L sz 2N EREGY B om RPN AT T B
Ao TERBRFIESAENET BB L EARE30 0T BEF AR
SR E SR~ B RBSRER T Ay 50°~70° ~ ik 15°~30°14 & ] §* 5°~15°FF -
ot R GO BEREHEIME NG T (FhaEE > 2002) AR Y

F SRR L Ak ene }}%g e > IR B (T o

35 kg[" 80 Ib
30kg}- 4701
25 kgf- {e0ib
pa) -4501b
= 20kgt-
= J4016
15 kgt
301
10kg}-
{20
Skobot” o L o0 g0y b g 101b
30 45 60 75 90 105 120
£ AW BB
m24 "@!‘*’m#m i_;r%“* a‘;}tg
74L&k h: Cushmanetal (1996) > & 53K 304 Fl1 4% o
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#L %k Shrawan (1995) , Development of predictive equations for lifiting strengths.
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B # B B X B T iafk it
E 35 19 29 23.17 2.50
LA 35 148 183 167.46 8.75
232F#LRFAFTHR
i #c o] B LB T radkc i
E ¥ 30 65 81 71.17 5.00
LA 30 145 176 158.8 6.95
312 F kK

AR AR P DRI R AR BN RART 0 rT LB RS F
BRHGOE*Y FRMNEER > Sd FHRESPIRPE EAMETZLH G
TG o AP RLEN 2B R Y PTG 2 Bk A
# (Willam > 1996) » #% B # * 2B 0F B TS5 cnB¥ 4> > 2 10em 5 -

o4

FHE> £ 3 338 A EEX:75cm ~ 65cm ~55cm) > @ & & = & Bl 15°
a RFFE o YUPEAL 30°FF 42 0 A W] 5 30° - 45°~ 60° ~ 7540 F — Ak R ALpF
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BEFRNFSHERIRAFREF > XFF IS BHAE (3AEFANS AL
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|

BHzZAR  HAETR FoAer BAFAPFEF R A A (T
BLAN R T P ERR ) FRRALT 164
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BE o PRINGe FIRFEREF2ERRAEEITE 0 VAR 1 A 2R
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535 RRERHRES

55 cm 65 cm 75 cm
1 0° ~ 30° ~ 45° 0° ~ 30° ~ 45° 0° ~ 30° ~ 45°
2 0° ~ 45° ~ 60° 0° ~ 45° ~ 60° 0° ~ 45° ~ 60°
3 0° ~ 60° ~ 75° 0° ~ 60° ~ 75° 0° ~ 60° ~ 75°
4 0° ~ 30° ~ 60° 0° ~ 30° ~ 60° 0° ~ 30° ~ 60°
5 0° ~30° ~ 75° 0° ~30°~75° 0° ~30° ~ 75°
6 0° ~ 45° ~ 75° 0° ~ 45° ~ 75° 0° ~ 45°~ 75°
7 30°~45°~60° | 30°~45°~60° |30°~45°~60°
8 30°~60°~75° | 30°~60°~75° |30°~60°~75°
9 30° ~45°~75° | 30°~45°~75° | 30°~45°~75°
10 45°~60° ~ 75° | 45°~60°~75° |45°~60°~75°
313 ¥ % EH

PP A EA )
ISR Bk

ed 3 AL E o T RS AR
£:230-430 mm ~ £:161-298 mm ~ B : 260-655 mm > 4 %
3.6 7751 o AP BRE K C

=} & [F T iﬁﬁﬁ%@iﬁoi?%ﬁﬁiH3D@@ﬁﬁswd

% F_5 & 280 mm* 200 mm* B 300 mm > #-=

Works2006 & = 73|32 B4 2 % MR S3dtwm B rnie @® % A ER A F R
A A WA 4 BIME RS  A N D (1) i s
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3.2.1 SRtV & B R

\F\ﬂ

FHREEFG R EOIPPAE R e EFE&ER 2R RER
GERBRT HYE - B R AT SRR LA 4oF 32 r
% % 7 B Coury ¥ 4 (Couryetal. » 2005) ed 5% = 5% > oo § 2 @ 4%

I«LL

K % ¥ £ (The center of shoulder ) ¥]:& i *% ¥ ( The trochanter of the femur )
APz o BEAS N B A PP E B T A s ek B0 TS IRIFESY &R
( The angular displacement of the trunk ) o X @ & 1977 # B 423 £ > & 3

FORFHI R FRREEIRIFTS LR O LN Aok 3.9 97
AN JFT ‘é&%; (Neutral) 'H i (Mlld) 'Jﬂiﬁ:(Sever)(Couryet al. »
2005 )€ 3.9 7 v I A8 f RS sz f(Neutral )i & & 43¢ 0°-20°

B 5 21°-62°R il (Mild) ege [l 5 < 30 62°00 ¢ > £ R e f 3

e s it E (Severe) e &t o B3k T ko ET if?'J’*ﬁfhﬁ’@ g

R ET VAR EY ¥ UL U SIET RN

Bl 3.2 spiz¥d & RABPIE N
FAL kK ¢ Coury (2005) , Are the postures adopted according to requested linguistic

categories similar to those classified by the recording protocols.
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%397 FSRisE 42 A

Range of amplitudes according different models for classifying trunk position

Observational methods

Keyserling (1986) Neutral Mild Severe
Punnett et al. (1991) 0-20° >20-45° >45°
Karhu et al. (1977) 0-20° >20°45° >45°
Corlett et al. (1979) i 0-45° >45°
Wagner (1985) 0-15° >15-30° > 30-45°
Tracy and Corlett, 1991 >45° 0-45° >45°
McAtamney and Corlett (1993) 0-20° >20-60° >60°
Swat and Krzychowicz (1996) “Free comfort boundary”™ <20° — —_
Hignett and McAtamney (2000) 0-20° > 20-60° > 60°

Self assessment
**Shallow forward™

Kumar (1993) 30° (14-44°) 71"
Present study
Mild Moderate Severe
20° (5-47°) 34° (21-62°) 75° (60-100°)

F L kR © Coury (2005) , Are the postures adopted according to requested linguistic

categories similar to those classified by the recording protocols.
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41 B EEF L TH B EA

S FFRE A E A EESEAIVLEET L ELTEN
3587 (p=.004<.05)~ % % (p=.000<.05) - £ & & (p=.003<.05) - F #x
A A B (p=000<.05) ~ ZF x5 % B (p=000<.05) £ jci & §
(p=000<.05) > pt = BRI A58 %% F EFIHEFHLE o F8 > 1
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%41 & EREHIEFEFTEL T
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242 3 EREHEBPETHENLS I

% R i pd R | THI34e | F T | HEFE
15 315.585 1 315.585 1823.26 | .000
GROUP 3.807 1 3.807 21.995 000%**
FE 8.827 51 173
%43 B EREFHEPBIEFHELT
% T e pd R | THT34e |FHha |[HEFE
£ e 392.754 1 392.754 3942.619 | .000
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344 & EREHIHABEIESH
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B E 306.449 1 306.449 2227.082 | .000
GROUP 3.821 1 3.821 27.771 | .000**
FE 7.018 51 138
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% ik T2 e pd R | T3T24e |F T | HFHE
B e 301.120 1 301.120 1788.650 | .000
GROUP 3.153 1 3.153 1788.650 | .000**
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37




4.2 $%iz & Bl ocdp A 17

BT plE S BN T B pRIRIE ST A R PR R D
S

BB TR PR R i K FIRIRE R RIE - d 0 LRl AR
Bk RPF o 0 F R B DR RN At K R R § M

EPEATRIZERRPATT > A R T4 - BRSO KRG
FHEEBE I 0 0 e R 2 SRR %ﬁ’+%bﬁw$?%%ﬁ
SRIFZ REK o TNSRERATERY 2 Mg R K B R K2 # T E S o SR
ERERAcR 4142 277 0 KR ATV I T AR LEEEES 3
fo 3902 75 cm/0°r2 2 75 cm/30° et L it o AN 2 B R S T
§W%ﬁ%ﬁ%%?ﬁﬁiﬁ%@&+’wﬁﬁbﬁﬁaﬁiﬁﬁgﬁ
R Rk R G 0022 3000 2 0 SRERCTHY A BCY A ¥ (Mild)
FRY A FR BT UERAEFELRF S F 0 AW P HRF S5on
ZeScmpy o TR G kY o T AR SRS RALRT S o
BE 478487 T R EGEE%E (1W:p=450; £ & :p=.620)
£\ iﬂ” B #FEF (Hup=360; ¥ % :p=970) i F L2 308§

% 2
REAETIHFEL PP 0 03 BHFLIFRER R LR b f8

BRI S A EET LR SRR AR PR E
B

PR EAN B RARBRT AW ARF 0 ARFAEER R
ERARG R Y AR > PR DA ORI PTG S ) o ik
B ot BB 2 &R 4590 5 - B A E AR BAr
45010 o g @ MRB IR m AL 0P i o e (RdE A 30° N B A
B F 20 FARE 450 f»%gﬁ%%w ﬁv@)ig;u LRBRE ) R KR
B2 e dFi BmEEd 3 REARY VPN A L = B4R 0 F

38



TRBEBRFOFRET VL LIRS bk B i Ar- BB B g b2
BUFH EER > PO FMEEINT T R TRA [ AR o
WEE N R ISR P BT RRFRG AN M
A3 30°EEITEHEE > X FVRERIRBHT A EE Y §
CERERZEY ARG > A FL R EBRF Y FHBCI A SR
BHBR2Z L% T B2 A LR FACWE 45°0 253 3 2 ekt o
BERAC R OL ARG - R XRIFRSBRI I ARLF R
FEAMRY w’z”ﬁ P FEX RIS 0 RN TS5 cnhF R FE

J
"

54

B33 BRF FAELFLEEN AL IR Z
ﬁiﬁ?%r%’é_i%%%é}mg’ﬁiﬁﬁ“m%vi,a;:&@q,\rq LR 1S 4T
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247 EERESEGPY LR ER-ENALF XRER AR A

* ik i pd R TTs4e  |F e | HER
N 30.379 1 30.379 569 450
i 1102.106 22 50.096 873 .620

(*:p<.05 > **:p<.01 o ***:p<001)
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%k T3 e pd R T 35T 2 e Fiz |BEFHE
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49 EEHEFHNEBRFHRANE - LR P2 AR R

$RiT hE Era R FIHAR  FEUE Yo B R
Mean(Std.) Mean (Std.) Mean(Std.) Mean(Std.) Mean(Std.) Mean(Std.)
55 cm
0° 3.23(.91) 3.60(.91) 3.26(.70)  3.91(.51) 3.80(.68) 3.57(.65)
30° 3.00(.69) 3.37(.81) 3.11(.72)  3.69(.68)  3.63(.73) 3.69(.72)
45° 3.14(.81) 3.40(.69) 2.97(.82)  3.66(.76)  3.51(.89) 3.63(.84)
60° 2.83(.75) 3.03(.79) 2.60(.85)  3.20(.63)  3.00(.77) 3.20(.80)
75° 2.34(1.16)  2.60(1.06) 2.09(.78)  2.63(1.11) 2.34(.84) 2.77(.97)
65 cm
0° 3.71(.89) 4.09(.78) 3.83(.89) 4.26(.70)  4.00(.80) 4.09(.89)
30° | 3.89(.83) 3.97(.82) 3.83(.79) 4.14(.69) 3.91(.78) 4.00(.77)
45° | 3.60(.91) 3.83(.75) 3.57(.81)  4.09(.70)  3.83(.75) 3.86(.85)
60° | 3.34(.80) 3.71(.79) 3.06(.87)  3.77(.77)  3.54(.89) 3.71(.75)
75° | 2.57(.85) 3.00(1.00) 2.17(.66)  2.94(.84)  2.63(.73) 3.17(.82)
75 cm
0° 4.26(.89) 4.34(.84) 4.17(.79)  4.17(.86) 4.11(.80) 4.23 (.84)
30° | 4.31(.80) 4.57 (.65) 4.26(.66) 4.43(.70) 4.34(.76) 4.43(.65)
45° | 4.17(.82) 4.34(.73) 4.09(.85) 4.26(.74) 4.26(.82) 4.34(.73)
60° | 3.80(.83) 4.06(.94) 3.60(.85) 4.00(.84) 3.89(.87) 4.03(.82)
75° | 3.23(1.00) 3.69(.99) 2.40(.74)  3.03(.89) 2.83(.92) 3.40(.98)
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#4100 BEEHHEBRHRBEANE - L RTY AL A At

IRiF RhE kg FH A E F ¥ E e B R
Mean(Std.) Mean (Std.) Mean(Std.) Mean(Std.) Mean(Std.)  Mean(Std.)
55 cm
0° 3.00(.97) 2.83(.92) 3.06(.64) 3.28(.83) 3.11 (.90) 3.00(.77)
30° 2.94(.94) 2.89(.90) 3.06(.73) 3.44(.78) 3.39(.85) 3.11(1.02)
45° 2.67(.77) 2.61(.61) 2.50(.51) 2.78(.55) 2.78(.55) 2.61(.61)
60° 2.22(.43) 2.28(.46) 2.33(.59) 2.50(.51) 2.50(.51) 2.50(.71)
75° 1.78(1.00) 1.83(.99) 1.44(.51) 1.72(.75) 1.72(.67) 1.89(.83)
65 cm
0° 3.56(.86) 3.78(.88) 3.44(.98) 3.61(.70) 3.33(.84) 3.61(.85)
30° 3.67(.49) 3.72(.57) 3.56(.51) 3.78(.65) 3.72(.67) 3.94(.64)
45° 3.44(.78) 3.39(.78) 3.06(.87) 3.22(.43) 3.22(.43) 3.28(.57)
60° 2.61(.70) 2.72(.67) 2.61(.70) 2.83(.62) 2.83(.62) 2.89(.68)
75° 2.06(.73) 2.11(.76) 1.83(.51) 2.28(.67) 2.06(.73) 2.39(.85)
75 cm
0° 4.61(.61) 4.72(.46) 4.33(.59) 4.28(.75) 4.28(.75) 4.56 (.62)
30° 4.61(.50) 4.72 (46)  4.56(.62) 4.67(.49) 4.72(.46) 4.61(.61)
45° 3.89(1.13)  3.89(1.02) 3.78(1.06) 3.83(.71) 3.94(.80) 4.17 (.92)
60° 3.11(.96) 3.17(.92) 3.06(.80) 3.06(.73) 3.00(.69) 3.33(.84)
75° 2.39(.92) 2.44(.92) 2.17(.71) 2.39(.92) 2.28(.75) 2.50(1.04)
431 A BTH—I%iF F AL
POROT A RER O R R R AEEEF IR WX AR
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#4113 T -2 E R FIRR T - a P g X i?']'?f AL A o

* ik T3 e pd R Trs4e  |F e |HER
N 1.207E-02 1 1.207E-02 074 187
i 3.715 22 169 1.223 368

(*:p<.05 > **:p<.01 o ***:p<001)

2412 A BFR -3 £ RERREE-Hua L3 R RIH R A

% i R TR Tt e |F Rz | BER
Iy 106 1 106 964 341
i3 1.664 11 151 4.440 .040%*

(*:p<.05 > **:p<0l o ***:p<001)
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RNEER S R Y S LR E RO g PRy

* ik T3 e pd B | THT34e |F R |BFHE
125 877 1 877 4.967 .033*
23 5.897 22 268 3.988 .008**

(*:p<.05 > **:p<.01 o ***:p<001)

AV ABRTPR-ZREERFTH--Bugig RIH R A

% i B fd B | TT4e |F ke |MER
1w 1.325 1 1325 695 417
z 21.763 11 1.97 5.14 .042*

(*:p<.05 > **:p<0l o ***:p<001)

F 413 ¢ i EIEE 3:7,]4\;7.1_,;;2:_5,—‘-»541,1_1}1,535% iy ‘%‘30’&‘
w2 6 (p=0.33) 0 F &7 PE R RIS AN A T XY 2R R

eIV 'b"_é = %'KA:\ ]“3‘3*& > £ r’g > om (p=008) ) '.%":‘J’l}l'" Fe Igﬁ)g

2
HEBRS BB R A ERBPEFPY T EE AR - % 414

(p=417) T mlgFMH ;m L3> 5 (p=.042)
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433 i —Ekr R R
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WALES B3RP ST BV EEE B P PRt

* ik T3 e pd B | THT34e |F R |BFHE
125 2.507E-02 1 2.507E-02 207 .652
23 2.765 22 126 1.196 385

(*:p<.05 > **:p<.01 o ***:p<001)

% 416 1 BT -3 $ERE R BGER LR PR XREF TR AT

* ik T3 e pd B | THT34e |F R |BFQE
25 9.487E 1 9.487E 1.583 226
23 72311 11 6.570E-02 1.91 436

(*:p<.05 > **:p<.01 o ***:p<001)
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% 417 AR - ERE I A KB --HV-JJF"'.D;%L/P-“‘F*'?]-%A\%%
xR i pd g | T34 F#z |¥FHE
el 3.383E-05 1 3.383E-05 .000 989
i3 4.898 22 223 2.455 055
(*:p<.05 > **:p<.01 o ***:p<001)
2418 A BTG -RHHHIA AETH LU B LFIRFRFFAZLHN
% iR T2 e pd R | THIT4e |F i |BER
el 1.847E-03 1 1.847E-03 .029 .868
i3 758 11 6.889E 1.268 421
(*:p<.05 > **:p<0l o ***:p<001)

435 31 piEh—3 FRBEEE
ORIE G 3R R R RO T R e

B RE% 5 THko B 411 2E 412 £ 7 & b
cm/30°3% 1§ B i o
Bt 419 & 420 ¢ 75 IR

®:p=.007) chft w2 i @ 0 AEF I
B p=383) %k AEEEW o AP hE T
*E ﬁ&ﬁ .E-Kﬁ‘ ’ m _,'Iﬁr

EREl A S
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¥
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hoE g EE (Mwp=.021; ¥

(2 %]:p=.510 ; ¥
TR g A

g ﬁﬁ'mﬁ*j\' » F %Mﬁ’&ﬁrz-

34005 - EREI EYREF-BUE L3 LR EF AL
ki S pd R | THT3 A F#z |HEPH
e 625 1 625 4.877 021
L 5.207 22 237 4.186 .007*
(*:p<.05 > **:p<.01 o ***:p<001)
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%420 A BT -3 EH I R B - NE LR X RIEE FR A

* ik T3 e pd B | THT34e |F R |BFHE
125 2.372E-02 1 2.372E-02 444 510
23 622 11 5.654E-02 1.320 383

(*:p<.05 > **:p<.01 o ***:p<001)

436 i —icar & BTG
PR AN JRLRIE TR R O R R R R AT Rk A
BAFE HBAIBE 4147 v N EEREEE RERER TR G

~m\

1% 5 75 cm/30° o

A 421 824 4228 EEREE (H9):p=993; £ 3 p=374) &
B # % (Pwp=590; & Fp=686) SiEA {75 AlEHE PR 2 G Y
AEIEFERE  FHREFFATZERRY T AR 2ERER > T AL
rE RERagd it PFF 3

H R S R

o TR R B RER

% 421 iR -E ERE A BT --r}am_-u;shmif'“ﬂ%a\ﬁ

% R T e pd R | THT e FH#z HxPE
el 1.504E-05 1 1.504E-05 .000 .993
L 4.401 22 200 1.213 374

(*:p<05 > **:p<.01 o ***:p<001)

%0422 3 BB S EE R ER LU E LR LR R AR A

3o z 5 e foR [T [F e |HFE
e .614 1 .614 303 .590
i3 19.041 11 1.731 739 .686

(*:p<.05 > **:p<.01 o ***:p<001)
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Abstract

This study aims to examine the design of trash can used in everyday life and
explore the possibilities of design improvements. Trash can is an important daily
necessity. As Taiwan gradually moves into an aging society, the number of elderly
people living independently increases year on year. In view of this, this study wishes
to analyze the current usage of trash can and find ways to reduce the level of physical
damage caused on trash can users when they bend down to throw away waste or to
pick up trash bags. The objective of this study is to improve the design of trash can so
that it becomes more user-friendly and ergonomic for children, adults, elderly and
disabled people. An experiment is conducted on a group of 35 people aged between
18 and 30 and another group of 30 people aged above 65 to evaluate the usage of trash
can and user experience. The results of the experiment can be summarized as follows:
1. The evaluation of the effect of trash can design on physical comfort, for the level of
comfort on both user’s trunk and knees, the height of the subject has a positive impact
on the results. The results of the experiment show that trash can measuring at the
height of 75 cm and tilting at an angle of 30 degrees are the most ergonomically
designed ones. 2. As for the impact of trash can design on subject’s trunk, 75 cm-high,
0 degree-tilted trash cans bring the least damage to human body. Measuring at the
height of 75 cm, trash cans tilting at between 0 to 30 degrees lead to “mild” forward
bending, causing no damage to human body. 3. With regard to the angle at which the
newly-designed trash cans tilt, the optimal angle is 30 degrees. A 45 degree-or-above
tilt, however, has a negative impact on the usability and safety of the trash can.

1.Introduction

Trash can is a frequently-used item in people’s everyday life. The use of trash
can involves the placing of trash bags, trash disposal and the collecting of full trash
bags. These activities require several physical movements. Through observation
during the experiment, this study understands that when placing a new trash bag, the
user usually has to bend down. Some even have to crouch or go into a half-crouch
position to put new bags into trash can measuring at lower heights. These movements
prove more difficult for people with muscle or bone injuries. Issues like these
constitute the main area this study aims to explore. This study wishes to make trash
cans more user-friendly by finding the optimal heights for trash cans and the most
ergonomically suitable angle at which the trash can tilts. Ergonomically optimal trash
can design is particularly important for those who have muscle or bone injuries before
reaching old age due to their need to avoid any body movements that can potentially
cause extra physical burden. This study will first discuss the body movements that
may take place during one’s using of trash can.
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Some biomechanical studies provide an insight into the differences between
old-age people and younger adults in body movements. Differences can be observed
in standing, walking, lifting, etc. While standing, over-than-normal movements
disrupt the center of pressure, causing noticeable staggers. To maintain balance while
bending down is particularly challenging for elderly people (Gwanseob, 2006). A
study conducted by Gorelick and others produces an electromyogram of the observed
younger adults that keeps track of their muscle conditions when they are fatigued.
Their study shows that the electromyogram of fatigued younger adults is similar to
that of elderly people in normal physical conditions (Gorelick et al, 2003). When one
is in a fatigued state, his or her muscle very often loses coordination. It is in this state
that people easily lose their balance and run into accidents.

Many past studies show that muscle fatigue resulting from tasks involving
manual operations put muscles and bones at greater risks of getting injured (Lee,
2005). Dynamic anthropometry keeps track of certain body movements, such as arm
stretching. But in analyzing arm stretching, for example, apart from the length of arm
and the position of hand, the result can be also affected by shoulder and body
movements. For this reason, dynamic anthropometric data are more difficult to collect
(William, 1996). When analyzing the optimal height for trash can, this study identifies
the user’s knuckle height as the point of reference. The way knuckle height is
measured is shown in Figure 1:

Figure 1 Standing Knuckle Height

The probability of one having at least one backache during lifetime is as high as
60 to 80 percent. Women over 40 years old demonstrate higher prevalence rates of
backache. After passing 50 years old, men show higher prevalence rates of backache
than women. People aged 60 shows a backache prevalence rate of 80 percent. Pain in
the lower part of the back is often caused by various types of injuries or physical
degeneration (McGill, 2002). Although low back pain does not hinder physical
functioning or lead to inability to work, it could indirectly influence one’s
performance at work and shorten the period of time for which one is able to remain
standing or sitting (Leboeuf-Yde, 1997).

1.1 Forward Bending of the Trunk

With regard to trunk forward bending and lifting, past studies (Chow, 2003 &
Brown 2003) show that these movements primarily involve the use of the erector
spinae, rectus abdominis, obliquus externus abdominis and the obliquus internus
abdominis muscle.

Bending forward to lift is a body movement not recommended but frequently
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done by people. This movement can potentially cause damage to one’s waist and back
(Fogleman & Smith, 1995). In order to pick up a full trash bag, the movement one
needs to conduct is bending forward to lift. With an understanding of the related
theories proposed in past studies and the effects that different body movements can
cause on human body, this study is in a position to better explore the hazards that are
often encountered in everyday life and find ways to reduce those hazards.

O’Sullivan’s study points out the passiveness of muscles and that in carrying out
an abnormal body movement, in order to maintain balance, muscles contract in an
abnormal way and that the longer the body remains in that position the more likely it
gets injured (O’Sullivan, 2002). Lund also mentions in his study that abnormal
movements are observed in the lumbar vertebra of low back pain patients, especially
when they conduct side bend and trunk rotation simultaneously during which
abnormal rotations cause physical damage (Lund, 2002).

1.2 Lifting

In lifting, old-age people and younger adults rely on different muscle strengths.
Younger adults tend to use their back and waist as a support to stay balanced while
elderly people more often rely on their legs to gain a higher level of steadiness
(Gwanseob Shin, 2006). Back injury, therefore, is often the result of excessive lifting
(Damkot et al., 1984), sudden body movements or weight carrying (Marras et al.
1987). In lifting, the most ideal weight is a weight that can be lifted by one with his or
her arm bent at a 90-degree angle. Many scholars have conducted studies on the angle
between the forearm and the upper arm in lifting and its significance and produced
similar research results, with one of which pointing out that lifting an object from a
half-arm-long distance generates maximum strength (Shrawan, 1995). Studies
conducted by Taiwanese researchers analyze the body movements that are often
carried out by people with low back pain and suggest that carrying weight over 30 kg,
leaving the carried object at a height between one’s knees and waist, bending forward
50 to 70 degrees, rotating one’s waist 15 to 30 degrees or side bending 5 to 15 degrees
are all inappropriate body movements that can cause damage to human body (Lin
Yen-hui, 2002). This study will use the afore-mentioned arguments and theories as
important references in designing its experiment.

2.Experimental Methods

2.1 Research Subject

The subject of this experiment consists of a group of 35 younger adults (16 male,
19 female) and another group of 30 old-age people. Prior to the experiment, an
introductory session fully explaining the purpose and content of the experiment is
carried out to ensure subject’s full understanding of the procedure of the experiment.
All questions, doubts and concerns of the subjects are properly dealt with before the
start of the experiment.

The total number of people tested is 65, with 35 younger adults and the 30
elderly people. The younger group consists of younger adults aged between 18 and 30,
the majority of which are students from Nanhua University. The old-age group is
made up of people aged 65 or older. The purpose of conducting the experiment on two
separate groups is to carry out a comparative analysis to highlight the differences
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between younger adults and old-age people and to draw lessons for improved design
that is suitable for elderly people.

2.2 Design of Experiment

In setting the height of for sample trash cans, this study uses statistics collected
from the human body idea to measure the information bank in Taiwan. The starting
height of the sample trash can is 75 cm. The height is then reduced at an interval of 10
cm, generating three different heights (75 cm, 65 cm and 55 cm). The angle at which
the sample trash can tilt is also diversified at an interval of 15 degrees starting from 30
degrees, generating 30, 45, 60, 75 and 0 degrees. In summary, the experiment uses
trash cans measuring at three different heights and tilting at 5 different angles,
generating a total of 15 different combinations of height and angle (3 heights * 5
angles). Besides, in order to allow subjects to feel a difference between the newly
designed trash can and traditional trash can, traditional trash cans (floor-based trash
cans) are used as a separate sample in the experiment. That brings the total number of
sample trash cans to 16.

On user physical evaluation, the main purpose of this study is to understand the
different levels of comfort felt on one’s trunk and knees when using the different
sample trash cans. The usage of trash can covers the activities that are usually carried
out by one when using a trash can in normal situations. These include placing new
trash bag, throwing waste materials into the trash can, picking up trash bags, etc. All
these activities are identified as items to be evaluated on the usage of trash can.
Subject’s height, age, sex and other personal data are collected and recorded to serve
as important background information for further discussions on ergonomic issues.

During the test, every subject is asked to throw waste materials into the can,
place a new trash bag in the can and pick up trash bag from the can on every sample
trash can. The waste materials to be thrown into the can are divided into two types:
light (waste plastic bag) and heavy (crumpled paper ball) in view of the fact that
different weights of waste material leads to different distances (between throwing
point and landing point) and requires different levels of strength. For example, when
throwing light waste materials into a trash can from a longer distance, one is more
likely to miss.

2.3 Measuring Forward bending Angle

During the experiment, a digital video recorder is used to record the movement
of the subject from a side-shot angle to allow post-experiment measuring of the
different angles at which the subject bends forward when using different sample trash
cans. Figure 2 shows how angles are measured. Through this method, which has
already been adopted by Coury and other researchers, this study first identifies the
line that passes through the user’s center of shoulder and trochanter of femur. The
angle between this line and the vertical line is the user’s forward bending angle. Since
1977, quite a few scholars have used different terms to classify forward bending
angles. The most widely-accepted classification divides forward bending angles into 3
categories: neutral, mild and severe (Coury, 2005). Angles that put “neutral” pressure
on body are those ranging between 0 to 20 degrees; 21~62 degree angles are
perceived as causing mild pressure while angles measuring above 62 degrees bring
severe burden on human body. This method is adopted to identify the physical burden
of the user, which can be compared with user’s subjective evaluation after the
experiment to further verify the level of pressure caused on the user.
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Py
Figure 2 Forward Bending Angle (Coury, 2005)

2.4 Data Analysis

With the use of SPSS, a two-way ANOVA is conducted on the results of the
experiment and the data collected from user’s subjective evaluation. Analysis and
discussions are designed to find out if there are noticeable differences between the
old-age group and the younger adult group in using each of the sample trash can and
also to detect disparities among users in their subjective evaluation of the newly
designed trash cans.

3.Analyzing Results

Table 1, which shows the results of the two-way ANOVA, indicates that the
younger adult group and old age group show noticeable differences in the evaluation
of the following six items: trunk ( p=.004<.05) , knees ( p=.000<.05) , placing a trash

bag (p=.003<.05 ), throwing a paper tube ( p=.000<.05 ), throwing a waste plastic bag
(p=.000<.05) and picking up a full trash bag (p=.000<.05) . The following passage

will discuss two subject groups separately. The fact that the two subject groups show
noticeable differences on the six items demonstrates the feasibility of grouping
research subjects according to their age for an experiment.

3.1 Forward Bending Data Analysis

To find out the angles at which the users bend forward when using the trash can,
this study records subject when they place a new trash bag in the trash can to measure
their forward bending angles. When placing a new trash bag, the user must press the
bag to the bottom of the trash can. But to pick up trash bag, the user only has to reach
the tip of the bag that is at the height of the rim of the trash can. That is to say that
between these two movements, there is a difference in distance of around the height of
a trash can. In throwing waste material, however, only a few subjects bend slightly
forward while the majority of the people tested complete the “throw-away” action
without bending forward at all. The largest forward bending angles are recorded
during the “placing-a-new-trash-bag” test. The measuring results of forward bending
angles, which are shown in figure 3, show that for both the younger adult group and
the old-age group, 75 ¢cm/0° and 75 cm/30° rank the highest. When using the 75-cm-tall

trash can, the subjects bend forward at the smallest angles, receiving minimum
physical pressure. 0~30 degree angles belong to the “mild” category, bringing no
significant pressure on human body. It is detected that among the old-age subjects,
when the height of the trash can is set at 55cm and 65 cm, the averages are more
concentrated, showing the fact that old-age users demonstrate no noticeable
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differences between each other in forward bending angles.

Table 2 suggest that in both the younger adult group (sex: p=.450/ height: p=.620)
and the old-age group (sex: p=.360/ height: p=.970), neither the subject’s height nor
the subject’s sex has a noticeable impact on the measuring of the forward bending
angles. This is attributable to the fact that the measuring of subject’s forward bending
angles is conducted using the same method in both groups.

From the afore-mentioned findings, this study can infer that the closer the rim of
the trash can is to the user’s knuckles, the less users has to bend forward when placing
a new trash bag in the trash can, which in turn prevents the user’s body from
absorbing unnecessary pressure. When analyzing forward bending angles, this study
discovers that the 45-degree angle serves as a threshold in that trash can tilting at a
smaller-than-45-degree angle allow the user to remain standing straight or almost
straight when using the trash can. Trash cans tilting at a smaller-than-30-degree angle,
though, is most desirable. However, if the angle at which the trash can tilts exceeds 45
degrees, the user has to bend forward to the point of causing severe pressure to the
user’s body. As for the height of the trash can, three noticeable tendencies are
observed in both the younger adult group and the old-age group. It is shown that
raising the height of the trash can reduces the extent to which the user bends forward.
Taller trash can, compared to traditional floor-based trash cans, reduce the level of
pressure inflicted on the user’s back and waist and are more ergonomically desirable.

In both the younger adult group and the old-age group, most subjects are of the
opinion that trash can tilting at an angle of 30 degrees is most desirable and that an
excessively large angle leads to waste materials slipping out of the trash can or
decreased trash can capacity. It is also understood that the design of household trash
can should take into consideration the possibility of children tripping over and
overturning the trash can when playing indoors. This says that a trash can tilting at a
larger-than-45-degree angle constitute an unsuitable design. When asked about the
most desirable height for trash cans, all subjects more or less agree with each other.
Subjects point out that the closer the rim of the trash can is to the knuckle height, the
more ergonomic it is. However, a few old-age subjects suggest that trash can
measuring over 75 cm are undesirably close to the upper part of their body. Their
argument can be summarized into two points: First, trash cans are designed to contain
waste materials. Users may easily smell odor once the height of the trash can is raised.
Second, aging causes loss of bone density, which in turn leads to decreased height. In
that case, 65 cm-tall trash cans appear to be more suitable for elderly people.
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Figure 3 Bar Chart Showing the Average Forward Bending Angles of the Two Subject Groups

3.2 Analysis of Issues observed in Subjective Evaluation

During the experiment, each subject is asked to complete a user evaluation sheet
immediately after using a sample trash can. The evaluation sheet has two parts
covering a total of 6 questions. In the first part, the questions are designed to get an
insight into the user’s evaluation of his or her physical experience when using the
trash can. This includes asking how their knees and trunk feel. The second part deals
with subjects’ perception of the usability of the trash can, including level of comfort
one feels when placing a new trash bag, throwing waste into the trash can and other
activities that are involved in the use of trash can.

Questions regarding the level of comfort of the user’s trunk aim to find out
whether or not the user feels uncomfortable when placing a new trash bag and using
the trash can. Placing a new trash bag in a trash can usually involves one bending
down, which constitutes extra pressure for old-age people facing physical
degeneration. Figure 4 demonstrates the results of user evaluation from both groups.
The tendency observed in user evaluation of the height of trash can is that the taller
the trash can is, the higher the rating it receives. Among the different combinations of
heights and angles, the 60-cm-30-degree trash can earns the highest rating from the
younger adult group. In the old-age group, the 60-cm-0-degree and 60-cm-30-degree
trash cans are rated the top ones. It can be inferred from Table 3 that in the younger
adult group, neither the user’s height nor the user’s sex make a significant difference
in their evaluation of the level of comfort of their trunk (sex: p=.787/ height: p=.368).
In the old-age group, user’s sex has no impact on the results of their evaluation.
However, user’s height does play a role in the level of comfort, showing that the
height of the old-age subjects influences their evaluation regarding the level of
comfort of their trunk. During the experiment, it is understood from the oral account
of users that due to the loss of bone density resulting from aging, most old-age
subjects are shorter than younger adult subjects. It is recorded that when bending
forward, old-age users endure a higher level of pressure than the younger adult users.

The results of user evaluation regarding the level of comfort of user’s knees are
similar to those regarding the level of comfort of user’s trunk. During the experiment,
some subjects need to crouch down to place the trash bag when the trash can is too
short. Crouching down puts higher pressure on user’s knees. The questions regarding
the level of comfort of user’s knees are designed to help this study find out whether or
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not the level of pressure on user’s knees is related to the design of the trash can.
Figure 5 shows the evaluation results of the use of the trash cans at three different
heights. The younger adult group gives the highest rating to the 60-cm-30-degree
sample while the old-age group rates the 60-cm-0-degree and the 60-cm-30-degree
samples equally the highest. Table 3 shows that both user’s height and sex have an
impact on the results of knee comfort evaluation among younger adults. When
concentrating on the significance of user’s sex (p=0.33), this study discovers through
the experiment that when the trash can is shorter, crouching down to place a trash bag
i1s mostly done by female subjects. In comparison, fewer male subjects crouch down
to place a trash bag into a shorter trash can. User’s height (p=.008) also has a
significant impact on the evaluation results in that taller users more often need to bend
their knees to place the trash bag due to larger distances between their hands and the
trash can. Among the old-age users, user’s sex (p=.417) does not have positive impact
on the evaluation results while user’s height makes a noticeable difference. This
suggests that in the old-age group, user’s height influences user’s evaluation.

Questions regarding the placing of a trash bag in the trash can are designed to
help this study understand user’s satisfaction, that is, the level of convenience felt
when using trash cans of different angles and heights. Figure 6 shows that for this part
of the evaluation, both the younger adults and the old-age people view the
75-cm-30-degree sample as the most convenient one. Post-analysis results, which are
illustrated in Table 3, show that in both the younger adult group (sex: p=.652/ height:
p=.385) and the old-age group (sex: p=.226/ height: p=.436), both user’s sex and
user’s height fail to reach the threshold required to carry any significance.

User evaluation for the throwing of paper tube and waste plastic bag are
discussed separately due to the difference in weight of the waste material, which
could influence the way the user throws. Figure 7 shows the sample trash cans that
receive the highest rating from the two subject groups. Both groups rate the
75-cm-30-degree sample the highest. The only difference observed is that the younger
adult users rank the 50-cm sample the second, suggesting that in this part of the
evaluation the difference between 65 ¢m and 75 cm has no significant determining
effect on younger adult users. However, angles appear to be relatively important for
the younger adult group. Table 3 is the post-analysis results, which shows that in both
the younger adult group (sex: p=.989/ height: p=.055) and the old-age group (sex:
p=-868/ height: p=.421), user’s sex and height fail to reach the threshold required to
carry any significance in this part of the evaluation.

Questions regarding user’s experience in throwing a waste plastic bag into the
trash can are designed to reveal user’s satisfaction, that is, the level of difficulty in
throwing. Figure 8 indicates that both groups rate the 75-cm-30-degree sample the
highest. Table 3 says that only in the younger adult group (sex: p=.021/ height: p=.007)
do user’s sex and height carry significance. The old-age group (sex: p=.510/ height:
p=-383) shows no similar tendencies. During the experiment, old-age users tend to
stay closer to the trash can when throwing while the most of the female subjects in the
younger adult group choose to stay farther away, raising the possibility of missing
when throwing light-weight waste materials, such as waste plastic bags.

Questions regarding user’s experience in picking up trash bag are designed to
help this study understand which sample trash cans make it easier for the user to do so.
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Figure 9 shows that both groups prefer the 75-cm-30-degree sample. Table 3 shows the
post-analysis result, which indicates that in both the younger adult group (sex: p=.993/
height: p=.374) and the old-age group (sex: p=.590/ height: p=.686), user’s sex and
height fail to meet the threshold required to carry any significance.

Table 1 Significance Analysis on the Two Different Age Groups

Trunk Knees Placing Throwing Throwing Picking up
Trash Bag Paper Ball Plastic Bag ~ Full Trash
Bag
Significance .004** .000** .003** .000%** .000** .000**

(*:p<.05 > FEp< 0l o FEEp< 001 )

Table 2 Significance of User’s Sex and Height and Its Influence on forward bending data in Both
Groups

Sex 450 Sex .360
Younger Senior
Height | .620 Height 970

(*:p<.05 > **:p<.0] o **¥*:p<001)

Table 3 Significance of User’s Sex and Height and Its Influence on User Evaluation in Both
Groups

Trunk Knees Placing Throwing  Throwing  Picking
Trash Bag Paper Ball Plastic up Full
Bag Trash Bag
Sex 787 .033* .652 .989 .021%* .993
Younger
Height  .368 .008** 385 .055 .007* 374
Sex 341 417 226 .868 510 .590
Senior

Height  .040* .042* 436 421 383 .686

(*:p<.05 » *Fkp<0] o *F**:p< 001 )

4.Discussion

As Taiwan’s labor market has become commerce-oriented, many households and
individuals still engage in processing manufacturing or manual labor. These are types
of work that cause great pressure on human body. Past studies point out that overuse
of muscles increases one’s risk of getting muscle and bone injuries. Past studies also
show that if injuries remain unrecovered as one ages, the body is exposed to even
greater risk. Old-age people face an 80 percent probability of developing lower back
pain and aging-triggered physical degeneration. As a result, both their muscle activity
and physical range of motion decrease. Under those circumstances, forced or sudden
movements could put pressure on one’s nerves, leading to pain and higher risks of
getting into accidents. It has already been mentioned that the percentage of elderly
people living independently is increasing. In view of this, more attention should be
paid to their living environment. Higher incidence rates of low back pain, coupled
with aging population, justifies the importance of paying more attention to the details
in our everyday life and take pre-emptive measures to forestall accidents. For example,
efforts have to be made to reduce unnecessary forward bending and other
physically-demanding movements. As far as elderly people are concerned, these
movements should be particularly avoided. Trash can is a household daily necessity.
But because it is used on a daily basis, people often ignore the presence and
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importance of trash can. The use of trash can involves the placing of new trash bags,
the collecting of full trash bags and other activities. These activities require the bend
of one’s trunk and knees, which causes extra pressure on elderly people and people
with bone injuries. Finding ways to reduce this type of unnecessary pressure is the
main objective of this study. This study wishes to develop a universal design for trash
can to bring more convenience to users and reduce intangible hazards in our everyday
life.

An experiment is conducted on younger adults and old-age people separately in
the hope of developing a design that meets the different requirements of different age
groups. Different heights and angles are adopted for sample trash cans in order to help
this study find out the most ergonomically suitable design. The results of the study
can be summary into the following points:

1. For the measurements of new trash can designs, it is shown that except for the
old-age group giving the 75-cm-0-degree and the 75-cm-30-degree samples
equally the highest rating in trunk and knee comfort evaluation, 75-cm-0-degree
appears to be the best combination.

2. The measuring result of the forward bending angles shows that the
75-cm-0-degree sample allows users in both groups to bend the least while the
75-cm-30-degree sample demonstrates similar results. Both samples allow users
to only receive mild-level physical pressure.

3. The result of the experiment shows that 75 cm is the most suitable height for
users and that 0 degree causes the least pressure on their body. But overall, in
placing a new trash bag and throwing waste material into the trash can, an angle
of 30 degrees appears to be most suitable.

4. From user’s evaluation of their physical level of comfort, this study discovers
that user’s height has a significant impact on evaluation results. For questions
regarding user’s trunk and knee level of comfort, user’s height is a factor
carrying significant impact.

5. Judging from the 7 principles of universal design, this improved garbage bin has
achieved: Equitable Use (Simple and Intuitive Use), Low Physical Effort, and
Size and Space for Approach and Use. For the other three, Flexibility in Use,
Perceptible information and Tolerance for eerror, the bin itself functions as a
garbage collecting device, which is a functional rig that is fundamentally simple.
Therefore, from a universal design point of view, this garbage bin has taken
senior citizens into account. The physical burden for seniors is lower than a
traditional garbage bin we see every day.

6. For senior testers, the typical traditional garbage bins are not fit for the
requirements of ergonomics and universal design. The data of bending angles
of torso shows that the improved garbage bins with 75¢m/0° and 75cm/0°
produce the least physical burden to senior citizens. The survey on objective
evaluation shows that the number of 75cm/30° has the highest rating. The
result suggests that the 75cm/30° design is a successful design of improvement
for senior citizens. The test result from young testees suggests that the best
experiment result is similar to that obtained from older people. It is obvious
that the physical condition of young people is better that of older people.
Nevertheless, young people still hope to minimize the physical burden imposed
to their bodies.
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The foregoing points indicate that the closer the rim of the trash can is to knuckle
height, the more ergonomic it is. An angle of 30 degrees is small and able to improve

the usability of the trash can. A larger-than-45-degree angle design, however, fails to
allow the trash can to be used in its best mode.
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