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Abstract

Background  With the advancement of digital technology, the increasing use of smartphones, wearable
devices, and Internet of things(IoT) technologies has raised concerns about digital carbon footprints. The
greenhouse gas emissions generated during the production, use, and disposal of electronic devices are
becoming a significant environmental issue, necessitating sustainable solutions. Body energy harvesting
(BEH) technology offers the potential to convert human kinetic energy into electrical energy, thereby
reducing dependence on conventional energy sources. However, its adoption remains limited due to a
lack of user awareness and practical usability challenges in everyday life. This study explores the potential
applications of body energy harvesting and proposes a service design strategy to promote sustainable
energy practices and to reduce digital carbon footprints.

Methods This study employed a mixed-methods approach to comprehensively evaluate the user
experience of body energy harvesting services. First, a survey was conducted to analyze outdoor activity
behaviors and digital device usage patterns. Subsequently, experimental observations were carried out
to capture participants’ real-time reactions and usage patterns, utilizing the think-aloud method for an
in-depth analysis of user experiences. Finally, in-depth interviews were conducted to derive qualitative
insights. The study applied the perceived value (PERVAL) scale and the theory of planned behavior (TPB)
to ensure the reliability and validity of the data.

Results The findings of this study indicate that body energy harvesting services positively impact
reducing digital carbon footprints and fostering sustainable energy consumption habits. Participants
reported high motivation in collecting and utilizing energy through physical activities, with the crew-
based social engagement feature proving effective in encouraging long-term participation. However,
improvements in device weight reduction and more intuitive data visualization were identified as
necessary enhancements.

Conclusions  This study confirms the potential of body energy harvesting services in reducing digital
carbon footprints and promoting sustainable energy consumption. The study provides foundational
insights into how body energy harvesting technology can establish itself as an eco-friendly and practical
solution in everyday life. Furthermore, the study offers strategic design directions for building a
sustainable digital environment.
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Table 2 Energy Harvesting Product

229l%| IEPIPS SHIAY  OLiX| SHIAE KE S
_ ¥ H22 LXIGHD S5 H0|A Of0f THE= gAlO2 A2
[e=be| ni _ = _
2= - 22517 =02 SMECHY00, 2018),

Al X5 AFYSH=R Sk Y0212 7|&(0ffaGentle,

DR 7| ZOtE S5
K|
== 2438 4 QlE 7I&0|THIEWEL, n.d.).

i
Bl
i)
r
o
=
jm}
=3

ot HEZ AAIZEALRRE HAL7|7| AL & 252
AFE
1o —
.| 714X | 4XIZ ®7|0ILIXIZ HEtshs 3 Z2|0f
Plyskenli = LWEE 7|¥te 2 StCH(Fraunhofer Institute for Photonic
NENUIIEDN| Microsystems, n.d.).

2| Ll BN 7|2 0|25} MA U ADIEZ
FEnergy Manager Canada, 2018).

N
n
3
Im
i)
=]
HI
> o
L
l—| ||'|'|

L SRR 0|
XIS HEg =+ ACHPiper, 2010).

QK| TS WalA

EHE \) AEXLS| M2 e &5 e YHdt= £TS(HeroX, 2016).

@ YT 2 o7 ZoM ofAXIE 4-2f5h= B S (Peyrouset &

FUE 7171 ea Bajard, 2007).
AU i
.\\
NESeSEl 4 ETSEL U8 UMY GaS St Uncharted Play, Inc.,
- 2013).
2NE

3. M| ofiLX] St A ®IF CIXH!

2 W 297 7970 A= (AF A9 7 1341 o4 5,2027 ol A ok
5 ZF 157 T5E FAPS BEQS o, S A stolA 44%, B9 32%, AtolEH 28% <o =
UERTHGallup Korea, 2023). 30|72 T 134] o4 &H[AF & 44%7F 19 W] A & 9l& A== /Mg
BHHZAQ] of2 o] EFolct, T 7P wWEA FdiE FEL EWOM A7 AEE 71E 202149 23%,
20239 32%E A 287 10%ZAE 7H7to] 591, Y a7t E7)1= Ao Yepd (A 36%, o4
27%: 109 38%, 60t o3 27%). AolE® AR E E3 F7HTH20199 23% — 20234 28%). A+ At
utel 2y, skl AtolZ o] HHE A S5l I Egon, i SFo s At Figure 12] WA
JgxE 202349 2, stolF, AtolER ] 8 A HlES Yetdn, FHAE it AtelZ 9
2019956 202397Hx) 9] 4§ vl&<] ¥skE vebd Jef oot

SRR T Lol T
=:)

rlo

352 Archives of Design Research 2025. 08. vol 38. no 3



Participation Rates of Outdoor Activities in 2023
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Figure 1 Trends in Outdoor Activities
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Figure 2 Product Categories by Outdoor Activities
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Running Cycling Charge+ My Crew
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WA g)9] w2l stHA] AFHEAF7E she] Start Buttonsr Tapgheh. h)ellAl AHEAE7E @A) 2ef it

FAsto] o]F AAZte g 7E5Th 715 vpd Foll= Dok Zol ZA V1R v e gEe] =Y
DIlA ZAL] HolHE 7|20 8 Hojzth k)| Share your rung £ A 52 oRE BL T )4
A9 o] 5T ol e, HF A F 20 HE It ARE AAste] ZAE 55 U FASh

www.aodr.org 359



Course o 15km 716" 366Wh

Running

ssowh - oM 201D
. ez

Yeouido Goguma Run

Explore others course

@ Euiiro, Seot

470Wh

Euljiro Street Tour

Euljiro, Seot

My Running

Total

976.7 W h < How was the course?

Name

TTkm 70 min
623" 8404 kcal

Share your run
Level

Write your course name 2 PO LI Ll

Description

Save

Figure 10 User Course Recording Ul, g) Course Main, h) Start Registration, i) End Course, j) Harvesting Data, e) Share
Course, f) End Registration

(2) I A (Energy)
Figure 119] o|q7] 3tHL sl SAHE 47 m)FE @7HA] & 5709 stz A= <] Stk m)e]
Charge ¥ A& Your energy chargesollAl= AMEA7F 33 oY A& AFTEE, HIES], AUEQA] 59
71718 7120 R @A duig $4 7He A BAE olE S, AHEATE 4.8Whe] olUAE HotthH,
5 71EO7 30% FH0] M5 uigttt, T3 n)ojAE &% 2, o)dflA= S AE
717182 FEH voleE U7k Fh 93, AR AlFstth p)e] Use § A Energy Usage= 54
Ago TE gt E3 ) st

i
l
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Figure 11 Energy Accumulation Status Ul, m) Energy Main, n) Energy by Activity, o) Energy Usage, q) Connection

(3) A F(Crew)

AHGATE oA st A" BEE oA £711 F71F9E e 4 =S Figure 1291 2ol A% 75&
A&t Figure 129] shd2 dupdl &A= 2 & 5709 shdo® FAH gl <l
3FQl 9] My Crewoll A= AHEAE7E 7 Tgh o= Qlet. A9 A] s 7ol Hiet A
Ho]A[Ql )& o FRIT. Al H ol A= g

o

P
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QIek. el Bhel e A58 sto] el 9)3Ho] the ), Join the Crewol A AH§A7E H9J3HA
ore A% 0] B2o| A Hch on|AE AlY 7 ZgE W) 7hE HEoR of5a g
Flipshel v)¢h Zo] 0] 4703t 24 3% 52 21T 4 9Iek. 5199 Join the Crew HEOR AHgAHE

A 27 7HdE = Sl

_O|L
=)
tu
1
lo
o
i

$2183Wh B

Greener
Join the Crew

Running

ore Runners
More Energy

Ranking

; m
My Crew .t.
|
N\ 73 *., SRC
Crew Story

Crew Seoul
" . ¥
{ L. L
u

Crew Seoul Crew Seoul

Crew Rank
@ 2200

Achivement
This is the result of data collected from the
day the crew was formed up to the present.

Rank Member
1 59

Harvest Use
25,238Wh 18032Wh

Distance Calorie
998km 9487kcal

Figure 12 Crew Overview and Details Ul, r) Crew Main(My Crew), s) Crew Main(Join the Crew), t) Crew Page, u) Card

Front, v) Card Back
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2% She] 5 Aol My Page MES] A2 991 Figure 133} 2o] ofel Aol el 143t oA
A RS G Shil AT AFES BI85 ek Figure 139] B2 ohobal &A 2 242t w)i
D717 B 49 SRR TS 1% wi My Pages] ol S0l ) 4 A 0ok 3] $R
LY ABA G G AT FF GG AL LY, F8 PHlow-to-Usekg FUAT, 43
AR SIch i 000 AL A HAS ADB 0D AFS] 28 el G 2 ol
Spolct, £, AL A7) SAT A S 38548 AZAAL AN A2 Belol EASTo Xﬂ%Ol 2o}
A4 FAT 4 ek, b ASAY] ATEE 23 SN A2 gYol &
o Ae]et.

ﬂ-tl:

Ay
ar 2 e e

:o
i
b
£
-N

Product

Saturday, November 16

.
Structure L4
5

() (@)

How to use
X
Product ] Wrist Running Harvesting
Running Wrist -
O
Structure
Running Ankle

Figure 13 My Harvesting Product Ul. w) My Page Main, x) See More About My Loop, y) How-to-Use Video, z)
Connection Notification

T offE A o] S AREATL A At 7Y A A o g Ao Agste iAol R, ARG o9t
&AL gEsty] gk AA7 Fasit 53], A% 9} 2 24 AR Q4 ASATE A9 ARE
ohE ARgALe} B skl Ff-oh= S-S AT, 34 AT FYA FolE Sk ATA FA =
A7) ¥ 9tH(Oinas-Kukkonen & Harjumaa, 2009). o] ¥ & ofS&A o] @3] oA shH| A8 <]
AE HolFs AL Jol, AATE A Ao 53 A&ty 8 oo gk 7S =4 5 =S
Sk HARIA M Ale gL Al

5. ALY @7t

Ol

2 d7= H"’l Ol e % oA Oﬂﬂ Z1E "115}1 8 = e AA oA shAE Au|ao] BAS
= A AEE 71N R Sh| AT AlE

= SF g
fZgAe] 3_4 A %46}%’14 E£3] *}4‘11}594 %‘04 E71E Zsketal A2 A& 7HsAE =0l7]

D) A4+ A
A A2 T 20~35A12, B, stolF, AtelEd & g 7HA] ol**fﬂ oF- FES g g gt Wl
ol A& o7 st MUER HASIH L o] 20307 1A T é—l‘éﬂ& ofyat Abs]4 At

www.aodr.org 363



A&ASHE 20 ARG F2 NFOR 4T ks AL ¥
Agol £ WE, B4 BT A4 $5 5o X3y
Y 129 A% Agehert. AT 78 3

=48 MEgR ehjgct

Table 3 Participant Profiles and Assigned IDs

SFYTHKim & Kim, 2022). AR A4
el S U AuG T A7 5l

SHHAE 5= ELE g4 il =Y 2tz
P1 g4 28M Y- AMRE & 3~58]
3y P2 o4y 25AM| BH-9m%| F1~23]
P3 oy 27M Ol - CIXpRl - &2 F 3~52]
P4 =gy 24M| HH-9=% = 3~55]
P5 oy 294 Ol - CApl - &2 ZF1~28
P6 oy 27M sk F 63| 0|4
5101
P7 =Hd 27M A AR F1~23]
P8 oy 28AM| 4G -ARE F1~23]
P9 oy 27M Ol Cixpl - &2 = 1~23]
Ao[=2 P10 oy 31Al Oz EW‘%'%*%E.' & 3~58]
P11 g4 26M| A-Bet 7|53 F 63| 0%
P12 oy 254 Shl = 1~23]
Table 4 Demographic Characteristics of Participants
e HIE(Y) HES(%)
o =gy 4 33.3%
oy 8 66.7%
20~24M| 5 41.7%
Pl 25~29A 4 33.3%
30~35A| 3 25.0%
dY-AEE 3 25.0%
A3 e 1 8.3%
i HH-o=% 2 16.7%
Ol CixpRl - &2 4 33.3%
B! 2 16.7%
Z1~23] 5 41.3%
23tE = 3~53] 4 33.3%
63|01y 3 25.0%
e=xz AOEE 2 16.7%
2OEIIAE 22 ADEE+9]0{2]E 7)7| 10 83.3%
=3 4 33.3%
B EHS QA »F st 3 25.0%
22 5 41.7%

i)
_>;L‘
ll‘
2
2
2,
=)
.
M
> M
)
>,
el
r
w g
jata)
IN' F
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(3) ALEF

A5 dERY JE R TS Sweeney & Soutar(2001)9] 4H]7}kx] B} HE(PERVAL)S} Ajzen(2020)2]
AZ 5Ol Z(TPB)S 7|5t o2 At E&of g1 Mgsto] A=At 4H]71A] 9 o] 20l S (RHE)A
ZHAGBER), A A)A 7} I( ), 71549 7HAGEHLRE F 9w 58 A FHor
TR &8 7H49 shel el A&H AA(FTHD)QRED), 74 F5EHA )RED), HEE

2_
AAAH@FE TADCEDLE F 60w 53 A= FRor 4=

B AFAAE 2 BE Hag § BEUAE Asdtel $° S vetahy, h9ladld $u Yo
RES )W BASHTE fARE B2k Age] B Ae FH02 344 9 gL Bastel, 44
718k9] go] AA AHEAF AE I oW A0 R AAFHE=AE A5ttt olF sl AHF HA e
7IRte 2 74A] 99l W B QQlHR AMEA A&s ERote] AT HA o g BAGIGIE A A &
AEA 9] W82 Table 59 Ztt
Table 5 User Evaluation Interview Items
SHAEXIIR| =
1 X222t OHZ 20| M0] SHAE S0 7|03ty L2710t
gt k| 2 HZ2 OHZ2|AH 0| SAE S0 thst Q1A S =2I0t
3 HZ1 ORZ2|7(0]|480] S I3t A BS(0: 04 X| ”f S)0f Y&kS 0|7
4 X2t OHZ2|H 0| M0] 25 B HFUS L7 BTk
AH|7HX] XL 5 MZ 1k ORZ 2|00 Lio| gt YrAl(2t0| TAERU)Of| ZFFSICHT L7710
6 HNiZ2t o= 0] 40| 252 Sl HUH SHE Z4oh= Ol =30 ECh.
7 M1t OfZ2|A 0|82 28 & Argotr| He|strt
7ISHIIR| 8 HZ1 oiZ2AH0]89] 7150] 285 #El5h= Ol RESICt
9 X2t ohZ2|H0M2| 7|50] HLHX|E Bal5h= Ol RE3HTt
RAEAR 10 X220t OHZ2|H|0| S ChA| ALS S 2J&H0] Ut
11 HZot O Z2AH 0¥ S THE 23 ES0E EEE 20| UL
871 2 12 HZ2t OS2 H 0| S TIFLLE 7HE 0| A FH5HaL AL
13 HZ0t ohZ2|H 0| THE REASHH FHGHLL 4Tt
- 14 X220t OHZ 20|42 AL ZR0| BHESHT
15 X220t OHZ2|H 0| M0 M 7HM 57| S Higt= FO| QUTHH, 2ARATIQ?
5.2, MU 2 A
2 AFE 59l +HE Ane BEA 2 444 R4S 6 SEH R AT A #E DA oA
Think Aloud 4% g3kl 47 AAZE 7SS 53] A2 A5 el D ABT Aul29] AgH
U F9 AIES TEelAth. 43 AL HolHE HHsh WA HHE AF Yg BH(Content
Analysis)& AAshgon], 53 Hme} Fste] FHH ANOIES B4 AHE sfofsisich. £
oAl A7 AT BhddS FHo] flof AFHo]l EgA o EA% § 4T HESe P&
AR o5 Fol =EE AT A2 A RS At o 28 E I
(1) 2H)7H 24 A3t
&H7E] 7 AT, @A 7Rt 4.257), AAA 7B 4.277), 7153 7HA(E 4.298)00A
AgHon 12 BAS we Aoz FAHt. 3], AAA AX 9%} N5 H AL Ao 2
A VY 52 W5E A1SH, ol Ao o] SH|ATY FB F vl 21Tl 7 Hot B
Gl Higt WSS wole Hl 9% v AR EAH B A Mo A = BE S50l ALEA 2
A% /1FASIG, ol el WIES] £5 3 89 Lo AT T abE gol Wik
A By fEoR BAHh 2074 Boh Avke] FA2Q) FEt A4 Table 63} 2t
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Table 6 Results of Consumer Value Analysis

= 2d sto|z WEE T M
SHA(AME)HTER] 1 4.25 4.00 3.75 4.00
M) RTIIR] 2 4.50 4.00 475 4.42
SHA(AFE) 7R 3 4.25 4.00 4.75 4.33
FHAICYM)MHR] 4 4.50 4.25 5.00 4.58
ZHRIH M) X 7HR| 5 4.00 4.25 4.25 416
THACHM)H7HR] 6 4.25 3.75 4.25 4.08
71S(88)87Hx| 7 4.67 3.50 4.25 414
715(85)H7tx1 8 4.50 4.00 4.75 4.41
715(88)M7IX9 4.50 4.00 4.50 433

E8d 438 3.97 4.47 427

@ B8 754 24 At

8 A BAAE A5A A8 4467, 28 AT 4334), WEE D AN @BL
4168)NA Aol B BTk, B3, A%H Ag3t £ PEIAE RE shi|Ag FHo] B W4T
ugth ol sh|AY ARete] AA L ARE B4/t FAT 80T AT AN HHHH,
Aol2e AAAEL 7% AT BE APS woR A% Ao 244 BAAE A Aow
BHEG BEE @ ALYAAL o7 AAAEC] MY we P4 merh 5, A% 2
Spl2g AE] A9, Bt Held 28-S 5] Zof tupol2d] At BHAY Ao et
5 716 WAL Tl AN 230kt Y 2] 2go] sHs el wek, o] tlutol sl 279t RAS
Fo] ALgA ABL TS FHAZ BaAo) A7 Fgh BE A B Zue] TAH FHI Hok

Table 73 Ztt.

AH7EA] FEEA A, NAA, 7158 DI G4 M FEREH A, FH 95, s 4
AR 7re] S AFES 7V ' 85 7 IAE B o8 AHE S, /1A iAo gt g
Bl FolAEL dAE A& AHE ok 24 PFAAE B2 $HS HoloH, e84 7px|er 4
P ZHol % Ak Aol TAE QT W, 7|53 7HA = % 2
A3 dedo] WA e

Table 7 Utilization Analysis Results

g5 2 sto|z NUEE g7y
X&H AN (HS BE) 10 4.50 4.25 4.25 4.33
R&H AMS (S EE) 11 4.50 4.50 4.75 4.58
FHHSEHHE 7)) 12 4.25 4.00 4.75 4.33
FHASEFHH 7 13 4.00 4.25 4.75 4.33
UEE AIHMHEES SH) 14 4.00 3.75 4.75 416
487 4.25 415 4.65 4.35

© AT B 399 5 £4E 59 08 514 20 BFC, A, Sl 2T F2)
w2 AH|7EA| 9 &8 7HeA 9] Aot FAA LR foudAE YHURAHEA (One-way ANOVA)S
1—‘1 H/\q 0 AI/\]oLOE,Vq 71-

puiLn

2,
)
10
=)
Y
i
H

O

i3

ol
ol
N,
do
%
°>~

WA, 2, stol, AelE® Al $5 7 2HI7HN(@F A 71, AQA 71, 7154 7D &4

AsHA%H A4S, F2 BF, WEE)] B2 AolE AFA] 915 YARAELH One-way
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olei3t A= ShHlAY Aul2st B4 SRolut Aubh FehElA 9, choket ofEo] 2 k] A
ABE IHA BHE AT 4SS ANBT F, 2, Sl A2 F AEA dEste 85
ol BAgLl, shl2T A2zt 207k B Aol FHAY FFL vAE FFo] 44
P50l ek 43 4 ik,
Table 8 One-way ANOVA Results for Harvesting Activity Groups
HEHSE p-value
EHA(AL=)E 7R 0.682
THRAICE M) THX| 0.742
71S(8S)X7HR| 0.380
X&EH A(HS ET) 0.968
FHYS(FHE Y 0.581
HEE Y IHME(ES SH) 0.319
o, 2uZRAIS B8 TFs4 79 BAE Selsh] S W 7 ATAS BAL AASHT B4
A}, 559 W 2F ARAIGE 0.5 oo = Ue e, 5] 754 719 iR R 7 AR Ag=
0.92, 1A 71x) ¢t -85 7t AiAS £ 0.92% mf-$- 732t A4S B4l Table 9+ o]& gk AH]7HA]
9 g 74 5 2] AUTAS BT ATAS 23 el Aol ok AEe] %A 9540
ALgAte] BEE Aol ARl ke sk glom, AR FhAel Auket FHH Abg Aol el 24
P50 2 ALY o]0 d FHsAo] ke ¥ Al
Table 9 Correlation Coefficients of Consumer Value and Utilization Variables
—— eHEx el 715X X&H $—ﬁ orEE gl
= THX| 7k 7L A é4E HHH
SHEXNIR| 1.00 0.60 0.63 0.65 0.65 0.71
JHRIXTIR] 0.60 1.00 0.76 0.77 0.92 0.75
7ISH7IR| 0.63 0.76 1.00 0.58 0.83 0.92
PNERSPN = 0.65 0.77 0.58 1.00 0.85 0.48
FHds 0.65 0.92 0.83 0.85 1.00 0.78
AEE U HMA 0.741 0.75 0.92 0.48 0.78 1.00
THAOE B, shH|A" A A= B4 ofko] & IAGle] 4t FAA adE AT
ofel, aulZHAI% B M4 AR DHF H(HY WA L AFS BY 55 7154
A B, A A A BF b0 B HTE P2 Aulng 7168 HY} Ag Aol
AR AR Fsel A-HHA R JFE uE 4 IS RS olyT A= SHHI AR AH| AT}
@egt U A 8 dol, AREARY] 7HA] Q1A S W3k fEohe AdA AHIAR g THe S
it

5.3. A8 B U 45 OEE BN FY

4y BEe 05 A 2 WA, £F F A4S FY, €5 F oluA 27 L 24 BA o] ARt
WSS AA R AR AUA sh2g AF D Auze] Aol FPA WL Bgon, 2FL
B @7 BE |0} Aulse] 2o g A gch ok, FEAH0E AF 2eo] Wl by,

3T
= jilge)
aslthe ool AN H T £, 1% 71%5E 59

REEE RS

of
{rt
o
=
>
C)
i)

oA g F{A2l 7tol= A
A1 B ol7k Aul 2] Fagh

o
B o
fu
_L'N_,
opp
o,
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(D) &5 H &H 24

A B 23 &5 A 2] @ANA F7HAEL shA" AlE 2 9] weEl S FasH sk
&S B diREe] WSS Al 28 Aol 25 FHl B Adaee AR R WolgqArE
ARt 5o] &5 2 st ATE AlE2 AR 2go] st AAAHA A5 BEd BATh
HH, A 72 st A AlF0] B9 A Te] Tekgo] Baste] 4R J7HAEol A8l oEes Ae
Bgo] HEHYL A& S0, stol7d8 ALS 2HE5HA] (2 A7 B Al 7R AES Faksk=
AZbol B 28 H Yo, Bt A Q] 28 4o 2o FlH ATt

o,
o)
rﬂ
o,

S 28 BN AFL viow ke =M AZST A8 RO Teistel, “Ha
shilag AES A8 AF Ao] ohd T AN A1 Tl FHgo] WARE A ATHPS), “AF
#go] o)4akx] ook 2t Aol Alzko] B ARAKPLO) 5 AL Atk Aluls A Ao chat
A B ot “LFS Bl AL B 5 Gk Azl $718 AP, “HEUOE FHol
71e1@ % Qleke Hol FulETHPO & =HE Fol AHgAY Fol 5715 Rol/] AT Held 827t
Al Aol S5 DGR ESE g,

o

=

i

OF 5 AY BES 59 shilAg AE] HE AN AAZ HEwo] L5 BYEo] G mAch
Ae BoAFeh, A%l ARl & WHHA FAY FAL g A BAGel THNE 4, £5 F
AFE7 AsteE Bl BATYT EF, A7 A=W 753 Bistel BAAES &5 F ASH0R
she e shelste] Ao oA S%e ALsHe A Bt o] I Q¥ AAHEL Heuol
24408 A3E W &5 F/Vt B BEE ngon], AR T4 AIH 02 Systit
Jet £F F £2 AREA AT 5 Gk BN RS Bk NES FolSel, Aol

AIAEL AE 24 AT HEste] thoFst AL AABIL. AB ATASE “e5 = A&
z2a4 £58 A5l AP, “TE AFL GAITE A Al Hol Z 4 9& A ZThP8)” 59
JJE WS Algotach AR e 750 gigh Bkl A FFAA who] g EE&FH At S-S

“oluA] TS HAEC R SRlsh 59 F7150)7F FrhP6)’ = JAE F3ll, 344 T Algol
AL FolE f ks 4 a4 ‘-% *174 ek e, AAZE ElolEE Qldﬂ% Hha]of ok i A
{7= AZIEGH dE 5o, ‘&% F 3EES AT £ 5 qlolA 24 el 7150] Ylow FATHP3) e

oA o 2k AEAY XE%@%‘%} ‘O] %3*301 A= A

(3) 2% F oA +7 2 84 wA
5 FWHIEL £ AAE HUsH BN H 2 BHL BYO, AZHOR ATHE dolrS
%9 2 Avnt gl PG, 53, A% /153 BEFE BYoIA 2HE JUA dole S
YAEH vwets o 43H BEE BErh AR WAEL 97 /15 Halshel o2 gate vng
B YL RS LD, £5 34 el 0 23 oIS 28 WA BRoAE GBS
Hol/|% ek, o|efFt WA AT ARH BRIk A §ARS Folk U FRT Q42 G 5
9122 AR,

F7F B71R o] & QS nHoty Briskelt

2% /153 Beistel AL GUSTY v L B 2
19 2 2eHP10)", “2% W 37

ALY A AUAZ ZoT vl@eE A IS 2 AT 4 9ol
Q45| Felshl BrHPY)' 5 AT 71%0] et /1% TAE ol 484 el Ao 94 W A%
Folg fEshs FAT AAE A8 9SS SIsteiTh T, U WIS PolH o] HE WAl
dat Aol Basith AFeeet. oS Sol, “Wh w97 $4o] 27 ol 4 QS o] F7E
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& 5, oA dlojele] w9l W Bk AuA 4 o] =YD A9 AR
59l Aoz gaEdr

& A= AA U A st AT 7EE R A7F gAY ' ERE E0]AL A& 7Rsdt o v A] 4] £31E
el

AT /161 5 A58 AT o 2UE D3 L/ 4 B, B A, AL

7152 7HI0 4 ANEE 0 2 FAHH WS weron], S5 Ae|2Y BBl 7158 A A 1Y e

A 1SRGk ol A oA LT AFol oA U] RS L34 YL Foln

ol B718 ZAT 5 USL udth B, A7 /50| A%H AL fEE RAR Agotgon,

Sl WIS 3% A% 429 AT 8 o 9 Ve TR sl ol A% 48
Q

=1

SA A= &5 B AFo] HeEsh grotsol 7 HPEH_, AlF Bz A
# ZL3HP5, P10). T3 olUA] 43L& £31

014
)
o,
[
fol
N
Q2
N

o ok r-lN

Ji‘.l (g

SHIaHcP2, P9). ol Arke 417 ofuiA o}aﬂw Agol
A 7% of, AGATE B SN 470 G ST YES WA
AL, £ AR AT A8 A0 AALUA £F 201 399 A4 WoEGI o) AH§A)
A%zge] FI51, U4 sl BFol o AF A Folst HEHL skt

_ud
N

o
o
%

T T A B AlES] 28 HAT AARE udo] &5 EYUR 9T TAE T2 84%
e THP4, P8). 28 Aol Wa B %% W=7t AstE o, A sEwo] F7)5 oS
ZFekshe d &30l eHPo). Ty 25 T 3hd &lo] o S AE 54 ol 7ol gt
EEHATHP3). ofHet A= AREA FAUX) AA A A2 Q] = ALl Fadt AqTS Stk
e AFUAA Eot 2 dFAAE AAZE A LTS AdH ez A5 35

S7Iohz A Eol Uehden, o= 71E dFolAE S22 ¢l v =] g M-S fiste T2 8440

7z vt lek(Fogg, 2009).

+& ¥ ouA 8 2 24 @AM E - HAE Feste AN MRl w2 AFde
L7)E 70l vEg e, A% 750l ARA 717 E Aeshe $8% 800 FESHATHPI0,
P7). ok, dlojg ©9j7F f&otA] ghot, Kok 42 dlolg A @V} Basirte dol M ¥FeR
EEEATHPS). ol AT AR ovA AR EFo] Tt A £ A9t obet, AR
7t TGN AR 84S AT [ A&HHY FR7 THedE EO% ol AT} A2 24

A= =1 %
QHAH 247k FAA AT AeH HolB 2A5H A AN 4D 5 qIrhe VI Aol Aue

9 2] g+ Oinas-Kukkonen & Harjumaa, 2009).

2 AT AA i A st A 7]uE Au A7 ARSA Aol v)AE S HESHL, o5 o AHlA
A S AR HollA $83 994E Zderh 7€ dFEe] oY 3
Ao FHg vk, 2 A= ARRAL AY B A4S °1E1v o= &0 AREARS] A
B 5

HOR B4 ATk, 2T 1] U Sl A 2e 2o
O
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12T 94 AYAOR ATHAL 5919 e oA AUES V19 AelFY AT DI
A 22 AF) TAY BAS B 5 % 28 Pl e 240 spjag g

o et 4

oee selstart,
hOR, B AP AEIE F71Rol7t uA) SHlAY AulAdl A%H Fol fEste WA 84S
4ZH oz Salstert. 4Y B L 43 ANRS o A7 /1% D 97 A2 UX/UL Al 247
A0l 7148 A 0188 REGE FAT E1R0] 2202 4TS AFHAT. 2T A4
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