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Objective: This study aimed to figure out the weight that the user satisfies according
to the size of products, targeting product family that users generally do not prefer
heavy ones.

Background: The sense of the weight of an object has been regarded as an important
research topic in the perspective of perception. It is also known to be influenced by
weight, size, color, and material of the object. The sense of the weight of a product
can be a factor influencing affective satisfaction. However, the research regarding both
the size of products and the weight of those has been still insufficient.

Method: A portable charger that users generally do not prefer heavy ones was
selected as a product to be tested. For the experiment, a total of ten portable chargers
were prepared by allowing the selected two sizes of portable charger products to have
five weight levels determined based on commercial weight. Totally forty participants
in their twenties evaluated the satisfaction, preference, and sense of the weight of
portable chargers of different weights and sizes.

Results: The satisfied and preferred weight of the portable charger was found to be
140g, which is lighter than the commercial weight in two sizes (180g, 300g) of portable
chargers. Satisfaction and preference of portable chargers lighter than 140g did not
statistically higher or were rather low.

Conclusion: A size-weight illusion was confirmed from the perspective of the sense
of the weight of the portable charger. In addition, there can be a limit to the weight
with high satisfaction and preference in products in which heaviness is not preferred,
which means that if the weight is far lighter than expected, it has a negative effect.

Application: The limit weight presented in this study can be used to determine the
weight of the portable charger.
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1. Introduction

A MZLQ 27] A FA= ABAL ME MElg A%Ste A% 44 Qolo|th
Ct oF QIE{Ul D§ATIO| O 7502l ALEAIE MR JIHE FH7| =8 :
A S0l S8t A2 =2 LIEFRTHWon, 2016). SEAL & of 43%7t 82, 2|1 & 21%7 f I gL %HI% %R T a0l
2 ZFSIQct O gho Qoo 2= JHA(16%), 2t H(11%), CIXI2I(6%)0] F1E O|RUCt AMEXHE Ydtdoz FH 2

1 7R SHI|E M3 AR LIERRICE

HEQl 2AQ 37| ME UF0 TS F& 7|2 Qo2 A/ i Mz HMEO wet o2 Jo2 22X Ut Deng
and Kahn 2009y2 HMZE2| 2A7t HE M=o 0/Xl= &2 HEQ K84 20 mat ZFYE=Ctn siAct 7iE HMEFol it o7
2 Yoon 2002)2 F7{2 HO| E7|Zut AEU0| £2 A2 HHQSHRICE BHH, Roh and Ryu (2007)& 2|59 2|7t Zdat Mz &0
23N ggE F= A2 ORIt FUES F2= 2Ot S0, Joo et al. 2009)2 FAH7t BME+E A HzEEs EO|
XLE M2ld 9 ADYe SISO 8FA D, Kim et al. (2006)2 FOHES| 2AH 7} 74248 1ZZ0| £0tX|& A s Qct
Ryu and Park (201902 LS FAX| %2 Moo BpxtRO| HEFO| FAS4E UHEEe Moz FHQ JeS 0ficke A4S ot
oLt

EAet 37| TS BAE A= HECE L4 ZHOM EA et 7|0 WE FALL A7|-FA A= ?jél(mze-wmght illusion)
2 & L2{X ULk Jones (1986)0 MEH 22 RAE ZX|CH 37|17t T2 £ SHQ EAZ B7toAM A ®OXE2 37|7t &2
=HE o FUCHD X|ZSIQICE SHHE, Dijker (2008)2 Q& A ATOM QHo| MY, Lio| § AlelX 20lz FAZo| g2
E 5 82 21egint

2 A7E ZOE HA MBS 4oz A 37|0 M2 MES ME: Y MSE motstnxt sl FOiE M7 FOiY
0] 2% HELE FHS+E HEYO | EE MBoICh FHECEE 29t BHEE 7H &4, 37| BHEE 7H @A, d2(n BE
£ Bt HHE SHA B W 37|18 HEg Sdf meetnxt siAct ZOHE SHI|0IA oA RAH7F ol FEQIX| mefste A
2 4A a4 AF Al 0f2 F83iCh 2 dF Zite L4 Z0E MEQ MY 2 ¥ 37|E A= 7| XAER 28 5
US Ao|ct

2. Method

2.1 Participants
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o] AHe ZRI|ZMHRE|Q2F|9 £91(P01-201709-22-001) & TIAHBIAUCE S SH7|S AFRSl= 20CHo| HAsH Lt
43 23, 0] 20)0] HHOf| RHUX o2 FHOSIQALE MY ORI BUE SHI| A BlzEs LF L0 1~220| 37.5%, 3~4Y
2 . 2|2 10,000mAh 0]5t2] S 7| AtE H[Z0| 1ttt 0]4Ql 60.0%RALY.
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2.2 Apparatus

Q| AFOIAM TOjEl= JOHE BX7| & ALBAIE0| Mzcte LF0|E MEE MEHE F 7K 37/Q 222 AY 4
o2 MYsQiCt 2 ZEO| BH = 180g, FUl= 138557.71Tmm? (60.5 X 102.7 x 223mm)0|QA1, 2 REO| EA & 3009, £1]
195626.75mm3 (60.5 X 145 X 22.3mm)O| 2L},

=

rir o

2 AF0Me & BR 27|18 7HRE & 10742 BT7| AMES H0il AHESIRACHFigure 1). 22 ZH2 50, 80, 110, 140, 180g
o BAE 7HX|4, & EE=2 80, 110, 140, 180, 30092 FAHE 7Lt 428 AlMZES fA= YR 232 AH83I0| ZEEID,
FH Bt AH8E &2 B0 2L 0of M Al ES2|R $EE SIRACL
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Figure 1. Ten mobile chargers used in the experiment

2.3 Procedures

_|_

Ay HOXE2 Y SN @Y O2|10 HIL 50 e Y2 SR 2 2, L AMEBQ AL, UHEE U MzEE It
S, Ellis and Lederman (1993)2] 2 AESIRICH A2 RAlol 2 ol XO|= 7[CiX] &
=0| 2 RFAUS IEE = 58 S7|(active lifting)0fl SHEBHCY.

Age exlgesoN =2 %%EIE E%-“-iﬁ(modulus) L 2t £ ANE 7IEL2 dUiH2z FIE[Q{ 71 AMME
of BAY A7|= 10022 =D, HY HOAtE 0| 7|E2=2 OE AXE2 —r71|7*
2 87t HidSa g2 ZHIEIRD, HORE Fof| KA F7F Hof ghEAl J2(a
GO MAE RAZ 27| B 2€2 VIE JFUHE SISl A7t 100012t & [[H
OIX| X2 LIEtL] Z=AH "0l

<
[l

FOHE ST7| SO %t MBE U BEES 11F 0|08 018ot0] SHENL, BELE R BE Al 5HE, e 20t
T A SHOZ, MBEE S HE' Al SHE, 'R BMS Aos SHOE HFEYC BEC I MSE B2 02 0/2HS
2 st 100ml MO M MV HOR BIBES o1 A4ENK SHEYC, REC], UFEQ HIE B FAHQ g
S 3ol o2, UEEL S MES XD UCB ABAJL L2 HOE HNEE BEAR NHE MITE HES 1YY
7Lt BTt BN S 47 20| o) MZots HES LI

BHE H7 MAl =M= 2 &M 2IE JHA717] QI8 2HEIAH O(Latin Square) YO 23 FEHALH 2E AHAE 107+
RUHE 7SS 44 BIIOIRIM 42 & 302 T 28 EHASH, dd = 2T FIHH|7F FOIRCL

2.4 Analytical methods

2 AoME JBE 7|9 ALt 7|7t FAY, UEE, M0 0jXs Jae motsty| . {ii& 57| RAH et 27|
£ JHH W(Within-subject) 22102 MFSHACE AY Zat: the A7 24 24 WHg 8o ZEEUCL 2 A7 252a Y
ol oo ZHE FAUS x 21 Yt Qo] #MLUT, Mk 9l BHEEL ORIIX|QCH JHE 7|2 2AH2L 37|17t |
ofet Y2 0Kz R 1 +F g ANO|E MSHoZ ZMSCt. £ot FA 2t 37|12 42A80| |2IFH B2 Keppel and Wickens
(2004)0f et th a2 M(simple effect tes) 22 1 Fekg 2ASHRICH

2 2M2 A9 +F 0 Wat £ JHK] WHoR fAEQICE F K] 37| B R FNI= 2F 5+FEQ FAR 1Y
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g|QloLt, &he H7]9] F 50, 80, 110, 140, 18090, 2 37]9] ZL 80, 110, 140, 180, 300922 EHECt & 7Hx| 27|0jM 5
Ust 2| £FL 80-180g2] 44 FOIUC A0 YRE X WA WHORE £ Jix AJ0|N BEHQ 4He| 2H +ET 2742
27| 2F0 2 Y02 M HOIYUTH T3 09t BT & B Wy

P

HOME AIS RHE H7Iel FAR2 22 1809, 2 &2
ES = QA= oot FA 5 & 37| 20 +ES 24 UWE2E ottt 0] YH2 0 AgE 2=
28%= ™ol 2L, FAHHO et 240] ofEChs THHO| ALt

[ = A

3. Results

3.1 Overview

2 22 A2 REM SEHCZ EXMots 4+E FAZ =AY 2%, FAY URE, M2 =0 0K JFUE T2 37|
A EA G2 Table 11t 2Lk FAE FAZ, UFE, HI=0 25 folot Ygs A= AS= LB, 9, 37| SAZL
Mo g Fodt dets FUAD, FAHQ 27|9| 42282 FAYY HRE0 Folot des FAC
Table 1. Effects of size and weight (4 levels) of mobile charger
Factor Statistics Perceived weight Satisfaction Preference
_ A3,63) 168.39 2.997 3633
Weight
P < 0.0001 0.037 0.017
) A1,21) 56.27 1.248 6.355
Size
o < 0.0001 0277 0.020
' ' A3,63) 2.80 3517 1.241
Weight X Size
p 0.047 0.020 0.302
FAE 71E FAEZ 27| 180g, 2 27| 300g) CHH| #H4 EHAZ +F2ASH0] 2ot Z2 UEE, WS Lo DXz ROE ST
o 379t A A4 HHAS| 2 Table 22+ ZCH £ & A= UZEQL Moo BE {olot kS 2= A E LIEIHTE
37|, a2ln BA Z4a tHAR 37| 2t HeAE8E BEE Y Moo ROlpt FEE Fe AR LIEHLL

O SMSte Y, ol BE P 273 MG Ho| YO HL IS 447 2 2sts Z=ct 27 8|3 37)
2019] 99| B0 ALY 2 4 UCH 2 Q019 B BET0| Ch g9l BEL 003701M 00012, HSE0| Chet g2l 2

Table 2. Effects of size and weight (5 levels) of mobile charger

Factor Statistics Satisfaction Preference
F(4,84) 5.174 8.594
Weight
p 0.001 < 0.0001
. A1,21) 6.559 20.189
Size
p 0.018 < 0.0001
F(4,84) 8.556 2.679
Weight X Size
p < 0.0001 0.037
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E2 001701 000012 ZOFRLCE £t 37| 2019 42 HEZ0 Oist RO HES 027704 00182, M= =0f Cist Ro| =&
2 0.0201A 0.00012 ZfO}%CH.

3.2 Sense of the weight

FAZE 38 FAQ 80~180g2| HIO|E{THS AMESIO] 24 M3 A A 7|(A1,21)=56.27, p < 0.0001), FH(A3,63)=16839, p <
0.0001), 27|12t 2H O] MSEE(F3,63)=28 p=0047)0] 23 2F o3t FekS HHotC

A7|et FA 0| E FAY 2 == Figure 29+ 2L £A-37| A=
U717k 2 3712 FUi& 7| 2o oot =

Figure 20 A 3t &2 A7|0M FEHE ST7I2 FA17
21 ot 37|0M RAIZE FAZ2 M2 B Feleh A0

ret
0x
°
ot
re
mn

H xQ

2
b
=)
i 12

CcC

Sot BAOM &2 F7]0] RUE
St ALkFigure 3 & X, p < 0.0001). E3t

)
te Fait 245 0|8ot0] 24

rlo
N i)
A
EIS
nJlo
AN
k=l
o
!
o 1
|o

4o
A
o o
H‘I rir
0% oy Ofm
N

o

_,__

== Small — Large

180

135

Perceived heaviness
©
o

50g 80g 110g 140g 180g 300g
Weight

Figure 2. SWI (size and weight illusion) of mobile chargers
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Figure 3. Perceived heaviness of small and large mobile chargers
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Table 3. Perceived heaviness comparison results of LSD test

Size Weight (i) Weight ()) Mean difference (i - j) SD p
80g -16.364" 3.064 0.000
110g -44.077 4.193 0.000
50
9 1409 -70.045" 2465 0.000
180g -97.318" 4261 0.000
110g -27.714 4699 0.000
Small

80g 140g -53.682" 3.152 0.000
180g -80.955" 5.195 0.000
1409 -25.968" 3.869 0.000

110g
180g -53.241" 5.999 0.000
1409 180g -27.273" 5.127 0.000
110g -16.773" 3.742 0.000
%0 140g -47.864" 4.064 0.000
I 180g -64.500" 4.031 0.000
300g -135.409" 13.435 0.000
1409 -31.091" 4743 0.000

Large

110g 180g -47.727 4.165 0.000
300g -118.636" 12.864 0.000
180g -16.636" 5.307 0.005

140g
300g -87.545" 13.110 0.000
180g 300g -70.909" 13.592 0.000

*Significant at alpha = 0.05

3.3 Satisfaction

BOUE SM7(0 UHEZE F 7IX[2] 379 B 71X FAH Za #E0f i) 24 24t 2, 37|, 24 g2 £F 272 7
A da 7 258 ZF RS gefs BALL 27| FHAM 2 STI|7t 2 SWIIEL 22 UEE=E ERACKp = 0018).
dgiLt SH7Ie HEEE &+ 74K 37|12 & FH 2 80~180g2| CIOIEE AMEoI0] 24t 248 21t 37|90 YF2 RASHA| ¢
A1, FH, 2712t FA 42 HE0| folot S A= A= LIEKITE

MMt M2 Qdl, 87| 2t 37| g2 TR0 et Y2 the Z0 RMCR 2015t Alte Table 49 ZCh 22 37|01 80g
2 50g HCt SAMCE 52 IHEEE, 14092 18092t =2 THEZE B, LIHX] 27 ZF SRR HuEe SAHSE X0

SHE BH7|Q AlE FA7H 180gY¥E Haie Z2, O|2Ct 3t THA 72 24|21 14090 71 =
HRn, Ol 22 FA 2 110g, 80gite SAE Xto[7t QIRACE d2|1 7P 72 242l 5092 80gk Lt 233 &

Bt 2 37|10 M= 14099] BHEETL CHE FAHE EOF FoI5HA =UCE 110, 180g2| BHEZ = 300g EC &Rk L2LE, 80g, 110g, 180g
7t Xtol& AR, 80gat 300g Zte| AtO|= QIRUCHFigure 4). 2 A7|°| ZUE ST &2 ZHM7|9F 20| 14090 7HY =2 T

SEfE - pe Cfekol kB8t 3l x|

[y =
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Figure 4. Satisfaction of mobile chargers according to two sizes and five weights

Table 4. Satisfaction comparison results of LSD test

Effect of Weight and Size of Portable Electronic Products 459

3719 {FUi& 7|2 AIE FA7t 3009

Size Weight (i) Weight (j) Mean difference (i - j) SD p

80g -1.023" 0478 0.044
110g -1.145 0.712 0.123

50g
140g -1.432 0.867 0.113
180g -0.525 0.843 0.540
110g -0.123 0445 0.786

Small

80g 140g -0.409 0.634 0.526
180g 0.498 0.642 0447
1409 -0.286 0446 0.528

1109
180g 0.620 0.527 0.252
1409 180g 907" 0.394 0.032
1109 -0.266 0.552 0.635
1409 -1.980" 0.684 0.009

80g
180g -0.780 0.696 0.276
Large 300g 1.850 0.922 0.058
1409 -1.714 0486 0.002
110g 180g -0.514 0.501 0.317
3009 2.116" 0.767 0.012
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Table 4. Satisfaction comparison results of LSD test (Continued)

Size Weight (i) Weight (j) Mean difference (i - j) SD p
180g 1.200" 0.286 0.000
1409 .
Large 300g 3.830 0.520 0.000
180g 300g 2.630" 0.526 0.000

*Significant at alpha = 0.05

3.4 Preference

MzEe 5 7HX|Q A7|QF CHA JIX|Q] £A Z4 =FO0l| Cfs) &4 2Ast At 37|, 2 Za #=F 379 A 24 =&
HEE DF FoI3t AEg WULE A7 FHOM H2 37[9 FUHE FM7|7t & A7|9 FH7| EOt 52 HMZEE =ERICHp
< 0.0001). J2{L} HCHE BH7(0] MZEE & 7| ﬂ?l | 35 27 80~180g2| CIOIEIE AM8sto] 4t 2AsH Zat 37|9f
FAe MdzE0| R2ost FeE #X|T 27|t FAH &=EEo Fee FOISHA| AULt.

MAst 245 s, 24 37| €2 Moo tist g2 the 21t 2Mo2 246 Zibe Table 59+ ZCH 2 37|01 80, 110,
140g 7t M=o E2 & Kjo|= QUL T O[5 M RPAEL 180g BCt 52 MSTE HYUCt 0|S2 5090t EAHH K02 &
OfX| U1, 5092t 180g 7+ AHO|= YARACHFigure 5). 22 2719| RUE 7|2 A5 FA7t 1809 S L2{E A<, O|=Ct 7
2 2A 2 140, 110, 80g0| AlE FAHQl 180g EL 52 M= E HQIOL}, O|ECH B H2 2AQ 5092 23|28 AlZ 272 180g

Z

Bt 2 37|0AM= 80, 110, 140, 180g0| MZE =2 IFOE, 300g1t 25 R2IsH XH0|& EJUChFigure 5). Ol= & 37| FHE &
H719l AT 2AHQ 30097t 7t ®2 MZEE EHUS LEHHCE 2 37|19 Z0E SHI|0ME Z2 FH7|QF 20| 140g0A 7t
Y &2 MIE B0 O|20 M2 BAQ| B8 87| SAX2E ROISHA| Y%L, 233 F2 daE EJc SHH
F MK 37| FUE W7 ZFO0IM 14090] 7t =2 M2EE ERD Ol 71 UEEIL 22 FAQ YX|SHALE

>
fot
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Figure 5. Preference of mobile chargers according to two sizes and five weights
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Table 5. Preference comparison results of LSD test

Size Weight (i) Weight ()) Mean difference (i - )) SD p
80g -0.157 0.564 0.784
110g -0.143 0.624 0.821
50g
1409 -0.620 0.789 0.440
180g 1359 0.744 0.082
110g 0.014 0.570 0.981
Small
80g 140g -0.464 0.634 0473
180g 1516 0.707 0.044
1409 -0477 0.390 0.235
110g
180g 1.502" 0.581 0.017
140g 180g 1.980" 0.515 0.001
110g -0.066 0406 0.873
140g -0.564 0.763 0.468
80g
180g 0.350 0499 0.491
300g 2.959" 0.737 0.001
1409 -0.498 0.631 0439
Large
110g 180g 0416 0.509 0423
300g 3.025 0.740 0.001
180g 0914 0.515 0.090
140g
300g 3.523" 0.633 0.000
180g 300g 2.609 0.518 0.000

*Significant at alpha = 0.05

5. Discussion and Conclusion

2 Q170 272 20N 7|
SAOIN B2 B

7t 2 2719 B8 FH7|RC
QAR HIH= R|2fete] Btet

ZE R S0| gHs A7[-2A AT st 22 AuE =EoHUCE 2 A3 80, 110, 140, 180g 2t
7|2t 2 2 YoM A7 22 B2 EH2 37|19 JOE Y|
=3

524 5
Qo8 2 SAZe Bt Ok 2 AN U HOKSO| HOIS FHYI SAE AR
o7}
N

Lot 2 AF0ME ROUE HAF MEF0ll Chol 7ot 27|0f ME R X H==S AL 0| Sof £ METAAM 72

HEo UXREet Hoof oot Y¢S FEA HACHE O 22l Z=Ch Ryu and Park 2019)£ ME2 WE=2| 0| BE
5 7HK7F ZOMX= ME, oA AHRS| MFOA FA S7tol| [ef HEZef Mokt SI18Hs FH O etA7H USS HAl
H ACH 2 A= FUE MESOl Cioh A2t 3710 wet MFe| HE=e =g
9

S aeloich ME0 F0H8Y B2
Chifo} oF7] DR0) R4S B B Hao] ULk 2 97 A1e MBQ SHO T2t RSt 2717t HB B
Lot 4+ U AMBILE

=US
=
=

fob Kl
nitl

BOUE AMES =43 21, Y2 A7 288 UEEet Maks SIGIRCL, £ 27 O)5iM s UEHEet dsk
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7t B Ol SItSHR| B= oA FA 7 EXSHALE BA, 2 3712 B 78 F2 30090 F TA A2 14097 FATE i
45 UEZet Maks SIISIRICE J2{Lt 140g 0|2 FAHOM 2FRESt MokE O Oy SIKIA BRtL, 23y FH 7 g2
45 HOoHR|E s EACL A2 37| 3Rk USSRt Mk MY 7 1—8— 180g0ll Al ot EHA| 2 14097 K| RAHI7L 2"
5 MR Mok = FIISHAULE d2iLt 140g O/2H A0 2ZEot M E O Old S713HA| BRALh 23]y 2H 7t #2428
5 NOiX|= dgs EAUCL WetN fA7 U2LX| s HE2 FA7 gagsE UEEQ ks S, £ 74
Ol3tof M UFREQ M7t B O]y S7HoHX| Re oA fA7F EXBHALE f”._h = g7 e @7 E= o HEo dEnt
BEE SHAZ EXY| WZof| oS Yhtetstn HaS| QM= THE X1I%% eoz2 HYstALL F7h A7t 2aF Aol

DHEEot MZEE 2O[L, BEE0ME FA0) wat 37|2 kol

=2 Mz E =HRI0h ol JOjdo| =2 7HXE Ze= H

M 80, 11092 FAH0IM= &2 27|9| SHEET} &2 HHH, 140g1t

180g0ME 37| 7+ BHEE Xt0|7F QIULE Ol MO HLtn oAX|= Z2 FA0|ME 27|17t BHEE| F23H 20191 By,
= | ROtZ

SUF0| BCtD OAX = 2 FAMME 27|12 S280] Hotgs of0|Stt

SHA A ofstoAM FiE TSl UFE M2t 20]2] Hadts B2 a2 A2 &AQE EQ7t ULk 7k ofH ALEXt
= FAZL 7tH 2 =42l JHE SHYI7t SHEE X, WR7L Ho|len], ¢ &&0| o¢HE AOjets Olpz W2 &R H i
2k 48 ROAS = AUk E= SO SHAZE AL M2 OrZ0| =IX| ghot H71H fgol ACtR o = ALt o|2fg
&S &olst| f6t0] K8 SM7I7F CE | 7718 3¢ SHots <&M 22 s 3= 52 = A7/t /s A
OlCh L& Ol BHY £ T A0 e 222 FIEo2M SH7|0f it 7S Zated + ATt

= A= BOUE TX MEO s FA 2710 ME HEZet He=E ZMotA JHE M7 SHY0| Z=E0 &2 3
717t Mz EE TSR, 27t A24F UEZQF M ET SIKSILE oAl £ (140g)7H EXHSHY O] =& DI M= 23] &
aots FgS 2ACL 0|2 E42 WEE2l YO| HE+E 7HK7t 2O0tX= HMEQ| oA FAHE XH0[7F /ULt = H7E HF2
40| mE FA 3712 ME UFE A M2z F HAE DHEsIACE O o2 A=t
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