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Abstract

Background  One of the important purposes of data visualization is to persuade the audience through
data, where emotional and aesthetic approaches can be particularly effective. Data physicalization is a
method of data visualization that shapes data through physical media. This study aims to microscopically
explore the aesthetics of data physicalization to understand the modes of aesthetic characteristics and
attributes.

Methods An experiment was conducted by letting participants to represent fictional data using
various materials. Six participants were given four scenarios(sleep, expenditure, route, and emotion)
and were asked to imagine related data and physicalize it using diverse materials provided. 24 resulting
outputs were evaluated for aesthetic characteristics by eight experts and for aesthetic attributes by five
researchers involved, using a 4-point scale and a 100-point score.

Results The analysis identified two key aesthetic characteristics of data physicalization: “contextual
character” and “sensory narrative distinctiveness.” The former refers to how the intended meaning reveals
its character through physical mappings within a spatio-temporal context, while the latter indicates
whether the multi-modal sensory characteristics are uniquely combined with materials to construct
the narrative of the message. Additionally, it was suggested that attributes such as the character-driven
intrigue of physical forms, the distinctiveness of narrative elements shaping the message, and the sensory
completeness and diversity of physical outputs can enhance the aesthetics of data physicalization.

Conclusions  Through the study, we can gain a microscopic understanding of the aesthetic
characteristics of data materialization and the aesthetic attributes for its aesthetic design. Based on
this understanding, we are able to partially comprehend the emotional effects that can enhance the
persuasiveness of data to its audience and to suggest directions for aesthetic data physicalization design.
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1. M8

tlolE] A3k HolHE ‘Hs|EE 5l7] Aol tlolHE AAH R xoto] HolE e jfhel BERAe R
oIt o1x] ¥31E £ © Z M (Patterson 5(2014), Ohlert®} Wei B enberger(2015), Anderson 5(2011)),
dlolge] Higt olsf, &, &S F9oH ot thget 29 YA AL 7HeokA Frh(Luriet
Mason(2007), Grammel 5(2010)). &3}, HoJE7} 7kA]= BHIAIZFE Q] Sn| & HlolHE Az 3ol WS
Foll 7HAStse] B AET R A EA49] BEE WA tHGarretén 5(2023), Pandey 5(2024)).
tloe] AlZt3to] glojAl ol#fgt AR A5 mA=ZA datat de] #E A4t shtel 8% 2
o] 2tHKenedy2} Hill(2018), Wang 5(2019), Lan 5(2021), Lee-Robins®} Adar(2022)). 243 715<
Foll, wlelEel Wigt 5249 SUAEE FAAI L, 71948E FEAIA wlolgdl gt 1A ni-s vhEH,
HE, 7FA], 4919] WSt o|Ti= 5o /14 A3HE & 4 9lthlan 5, 2024). o]2|gt dlolE AJZ3}e]
WA 4Ae A4l v dlolEof o o= o]Fo] UL WS Z3tlotal(Harrison
5(2015), Kozik 5(2018)), dlo]Ejol] tigt 7] 44L& 3/gA17]9 (Bateman 5, 2010), 2+ 27|19t 057 S-S
Zo|= ARRA A TS 7P 4 dthal R E7| & 5F9tHCawthont Moere, 2007).

g, dlole E4d3KData Physicalization)= =94 5% (Physical Computing), TUI(Tangible User
Interface) 59 AFALNA, dlolHE 22k HHo|A Hlolut YA, 3744, EH 2= F4sH= dlolH
AZEske] Wioltt, &84 Q1529 7lolehA, AR A 45 Fofl Hloleld AR E 3 E(encode) TR A
tlo]HE A3t Aolth(ansen 5, 2015). o8 Ed3t= 744 o] 7)uket dietd] Al 3t
A o] thekat Ao A LS W3] 5HA wH(Bertacchinia $(2023), Perovich 5(2021), Menheere
5(2021) B), YA SA o o2 HFAl o] AR | dlolE mEo] ARAT} Aol FES]
BAER] oh=the vl Adsty| = gioh ey, A AS WA ZA Y] A1 SHA HH, 24407
- (multi-modal @] £/4& 7F(Hornecker 5(2023)) dlole] E43k= BHAQ dlojg A3kt
glolglof dig ARl AL 7FestA sHAY, adh A& v A=tk (Hogant Hornecker(2012)).
I %, diold Edste] AuAel EAL AHEd, HdHoR dolge 5424 d2 dolge]
F/3# (abstract), #A#(associative), 284 (literal) WEFE(metaphor)2 A ATHOZH to]E] 9] A&l
OJulE A 3tota(Dumicic 5, 2022), A2t FAE dolAl thefst 2o 2 Holel & FATF =M tha-
oA o7t Q- (intermoda)®] A2 A& 7FaA st (Jansen &, 2015), ZItH 0 & o€
2El 2] A (data literacy)9] AAH o] F 1} 3|, A o1 FH2h4(hedonic) 4 E S FFtrh(Daniel 7t
Riviére, 2021).

=

ot

4

o
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g AsheAl, ARo] R, AFY], &5, 77 5% Bl AR nhE FA45k, AR AA 2
Iqg oujet 23A 7HAE A H o R A MstA FomHA dolEd g A vHgE f RSt
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2187 H =
dlole E43te] Ay 543 £4d& S5 s B7F dd= AP diolHE S|4z xagt
ANES v AR A AESHES sk, T A2 Avl S ST 49 97 E8 U e =M Holg
=43k And& vAIH LR ofsfstalAt shgltt.

O

AFE AR 4709 ARE AN AN AT} A ol R AAZ Ao AHT T,
20171 thoket ARES B4 158 ol 2 HANEES SJATHGE ). AZE 97 An s Fol7, 441,
24, 78%, 29, 94 5 ookt AR o2l S4 9 AEL ATatel T 5 YES ahort.

AEE 5 ole Hlolg FH 9 e st 419 A%e 1, A, AR, AR AASHUTSKI ~
TSK4), 2420 A& oo e 4= ole Wt 4 & 2 1116}04 Helof Hiet ofsfE =gttt Aol &

ARFRIE RS Aaste] Alatd Aifzol tet AR A3t =g 71 S5skgeh R AT He
J 472 B HA Y TS sk S AR, AFH R 699 W AAAH20H HY
6 F HA A543, HlAF AL 390l Al 4709 Al tsto] A2t ddS Ayste] & 24709 AdES

Table 1 Tasks for Experiment

TSK1 : =M TSK2 : X|& TSK3: 4= TSK4 : Z4H™

SIS UEAUTE RIAI ~ - -
e o HH;;;]D,iJ imﬂ, SMS YU EESY  QAS UXASOIOR  PAS 95 AJYS sl
R AE e 2R SO0 KBS SIRBLL. 28 0SaiRsU gelLct

StELICH

QI=Q| =0t CEA| O AHO! _ - = =
MY e masedn oaw U EQIHE I ol AFUSAOSNE  AJY US| 2 HaE

HSHEML. Of) & angd o e
e Aoiae, | AU/NEES HEHEHNL. 228 HEGEMR EHAFML

Figure 1 All outputs from experiment

2.2. 97t
S35 24709) Aol diste] 243F0] BWohE Ak, vl 54 Boke Aul &4 Hrbolet AR
ol ol Auld 54 AFoHeRo) L, FAL ol Ange Pk AR £4S Bk

siat Aol
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2.2.1. 497t 718

AE0] Au)Fel EAS H7lsl7] 96) Lavie?t Tractinsky(2004)7} 235t UL tAelo] 570 B W3 &
‘B34 Au]A(expressive aesthetics) o] T3 5719] 519 Q4091 Z0]4 t]&}<l(creative design), TlE &
t]z}¢l(fascinating design), EEst a7} AF&(use of special effects), =34 t]&}¢l(original design),
7114 A2l (sophisticated design) Z| &= &84t o] A XES Ul tAR19] 4] Brtoflgt s =%
A2 kAl Alu] H7ho] 7o R wstal o] & V|We R 27 FOY(AELD), "WZ(AE2), SEIHAED),
E4/(AED), 71 I(AES)E Q.oF, A Aokl B7HE JeYstgt.

S, AFHEo] Hule AFshe $A4S 7IE0 2R HUlsidh H7HE Yt 4 84 Lee(2022)9]
AE|HA 2o 14 845 8ot AHTAL HAuF o2 TA AMA v E ), =34

ZId g 2, AAd ot AlFtoR offofttE Foltt. o F, ARl A& Folst= 249
M E(character) o] FEA(CD), Tul4(C2), AAG(CI), YA (ChH=, ALY ook & F+435he
EX(plon e A4 (P1), BRA(P2), Fol4(P3), A (PH<, Al A= AlE3H(time-
space)?| &£A(TD), BAA(T2), WHA(TI), 7MA(Td&, dAAC] A=k Aol TdH=
AlA g Eok(sensibilia)e] 2H/d(S1), 71949(S2), HHI(S3), dold(S4) 5& ] B7Iet st F7te
B oAdo] rhal dste] Brtef E-gsit.

2.2,2, G718
Aul 54 7k Anlg Brtel digh olsizt w2 tApel AG ] s AR FAFSH: FE7F 890
Bkl Fofstlal, Aul £4 Bk Bk 7R o ' E8H Auy 450 g ola7t Hast BAR
AFAE sl TA Aol it siF R Ao] 9l theldA 41 5 5Hol HrhE Yt A
o] AHEo] UMY el oy ZwolA] B2 B0 Aplat AHS
T2 AEL 45 eetelo s ARSI, TAE A9ET} AE
Yt & 2 AEol 47 Jr Aike JEske WAl o ® Aestolt.
W7k 71 da A 194 gk ~ wi¢ THOA] 49| 47 TR0 R BHrlelE S shelch Fo13l
13 9o Ztzbol 1004 wHE 9 @< AnA B7F F=(ZH2F AE100, NP100)& F7Fskqlet. ol=
Brte] AL ghefsty] fighelt. RE HriAEe] Bk Ate 2 AREEE oS Yo
THTSK1-1 ~ TSK4-6). 34 &4 o= SPSS 29.0.2.0 B o] &85 i},
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Figure 2 Process
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3.8 EN

A A4 A 4 b BAS 2T (E 2).
AE2( 21 4o} ABS(/| %) §5o] AthA 02 o 4RuAS Beich olo] tht A5 §5 Vo= o
0] 7| shsint,

Table 2 Pearson Correlation Analysis between Aesthetic Evaluation(AE100) and Individual Criteria(*:p{.05, **:p{.01)

AE1 AE2 AE3 AE4 AE5
o geA=s .593** 770%* 525 .505* .858**
RIAHE (L= p 0.002 0.000 0.008 0.012 0.000

=4

H
FEE %‘“El E‘ii‘ré E}%ﬂﬂ—ﬁr"i—% *a"\l%}‘iiﬂ}.(ﬁ 3.1 7517} AE5(7lIﬂ_’§.) > AB3 (& r—_-%]') ) AEZ(UH‘D’*"q
A]

e =2 Zst 7| ¢ KolgtE S48 S
e ik B mzsiez +(8) (p) it VIF
(&= 32.166 3.847 8.361 .001
AE100 AE5 7.773 1.486 593 5.230 {.001 560 1.785
AE3 3.495 1.378 233 2.537 .020 855 1.169
AE2 4273 1.699 292 2514 021 534 1.872
F 39.588(p<0.01)
R? 856
adj-R? 834
AIEA T} S| AEA A v o R s statd, e AuAdS Hrtshe dle 23HES] 71 W(AES),
& WrEAS AR 29, vhReer 22 AR A E SHo| 7P A AE5kell, daEe] 234
3 Hlolg £ A58} Zo] SZ4F 07 Hel= WY (AE3)o] thal & st AEEHNeS & &
k. 22jaL, glolel g dsh= ] glo] FUE E24, July Ao EHIMAEDE AUE w9l AoR
Helrt.

3.2. 40| £4 87t
3.2, 1. AlO|A T7EQL AlO| £A1 SHE0| AL
Azl An 3t £4 F5 ko] off TAS Kol=A gotk7] fs) 9
4. 1 A3k, Av] Brret tiF2e] 4 t
E FES(CI~CHAM w4 w2 FARAE 7HA

Ao® yehgrh 33 #dd %%%01]*1%
P3(5014), P4(o]@id)ell A, Algztoll A= T3(HWH), AlA e otoll A= S1IEHA), S3(EHD MR &
FHBAE B o PR TIEAME frofshA] (82 HaAS Bl
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Table 4 Pearson Correlation Analysis between Aesthetic Evaluation(NP100) and Individual Criteria(* p{.05, ** p{.01)

(@} c2 3 C4 P1 P2 P3 P4 T T2 T3 T4 S1 S2 S3
I
MJ.',‘?;TA 875%*  818**  .868**  .770** 540" 360 .740** .616* .094  .462* .627** 512 .685** .461* 596**
SEAT
oo|5tE
}gﬂgﬁ 0.000 0.000 0.000 0.000 0.006 .08 0.000 0001 .662 0.023 0.001 0.011 0.000 0.023 0.002
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3.2.2. 018 Etofl st 0| £4 =2 7|0
ATz Audel 4 F=o] of8A 7]°1§‘i% A gotr7] 95 thFIALAE Aoy BE
FEANA 54 BA(VIF=inf)10), S 5 7 A ABAPo= dsf Fo7t E40] 271kt ol
HA1A 2 Q1A (EFA, Exploratory Factor Analysis) & 358 $1&4(CFA, Common Factor Analysis)<
5 A 2918 2351 o2 Yo = 2A(MLA, Most Likelihood Analysis)S A A|5ke] ZHQ &4
WM F8 =9 7| =g Tefshitt.
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Table 5 KMO and Bartlett Test Results

KMOS| E2HEE(MSA) AH .752
Approx x° 213.463
Bartlette 74 A% AHeE=(df) 36
p €.001

E 5)ol At o], BEHFE(MSA)E 0.7522 B 737t Q98| sty &
Bartlett«] T34 AR A3} x*=213.463, p=0.0002.& §o]4F 0.055 7]FCo 8 S 7t
A =lo] A¥k 02 g lE o] 7hgstrtal & 4= 9let.

WA, AR ke adFFLS AyRE, 39118 69.01%9] £ APEL 7MY HAAPES vwigoz
e Eo| 7jolE B, P3, S1, P4, C2, C1, S2, C3, T3, c4 59| £0F Ut} ol ATEA
2 A A E T BE FE(CI~CHT X9 P3, P4, A5 T3, AlAd ot S1, S27F
Aln|2] 7te] A7 7164513 S-S HoETh(E 6).

o)

O

Table 6 Unrotated Factor Matrix
P3 S1 P4 2 1 S2 3 T3 C4
221 937 .898 841 838 828 .796 .753 694 679

S 5Y, 2912 A #HA FEQ C1~C49F A7l T30], a2l2& 27 #

Zob ¥ FE(S1, S2)0] AL FAste AR UEHTh(E 7). 2018 eE 9

o] AAH FlolelE sl AMYE7F 1 Wt & oL A S AAsHs Bt

E59 5ol4d} ojeido] AZHA ST 71 Ao] Aste] 553

ojop|H 247k AZA 71AE AScte FHIE BHEYS W] AvlHQ B7E Ao sjHo] 7hssttt,

upehA], o] 27)9] 2 Q1& 247 WA A E A I A2 oopy] AEA R gofdt o= glon, AEHA

Aol ol Fa3 FE v 2450l Ford Agolet & 4 e thil, 47 =] 35401 0.5 ofstd

757t dAste o] FEES AAT F AAASEL, of AN AAE FEES Rl RASHAH. ]
FEES A0 Pro] i 7|7t 2 Ao w wad 4 lek
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Table 7 Rotated Structure Matrix

9l
g= 384 H|1
1 2

C3(HHIY) 824 .906 -471

AF=2Y) 805 889 -.607

C2(&014) 794 876 -.634

C4(URH) 741 853 -394

T3(H2tY) .503 672 -.569

S2(7194) 895 427 -.937

S1(EHH) .882 634 -.931

P3(5014) 879 798 -.860

P4(2l2lN) 717 674 -.806
P1OHAY) HAH
P2(EXIH) H|A
T1(&RH) HA
T2(2H) HA
T4(7HA) HA
S3(EE) H|A

01y MR FHE B Z4Z& 0|0F7] RHEH

IRU 6.213 1.214

Sl 69.037 13.485

SRR 69.037 82.522

HERATHS80(p(OD). |8 AAZ 242ke] B7h GHE Atolol = §ofuld HBBAS Adrkn 55,
(& 6)°] Fa 414 SHE (& ol heht Fas Avld 5
7HE 2A(pC0S) Bob i (E 9y ek,

Table 8 Intraclass Correlation Coefficient Results

o7 Al 7t AlH ZF 0(© HX
20y sy 95% 2|77k 4 2 0()= F HH :
tet ot A XeE1 RE2 FAE
HU=E 495 0.123 0.745 2.961 23 23 0.006
HAEL .662 0.219 0.854 2.961 23 23 0.006

AES(Z1 2D} w9 =2 A4S 7 AnEd &4 245 P3(Eold)H S1E&F4)0l 1L, C1(F=AD),

42 AE] AlEE whEAlel dist B74F S35

A Adeop, & o]op7] A AA) 9 AN} 24 Aol Avdth= FHolrh /Y H A 547 FA A
=S

A A At WA Q48 70 2 wRsle] A4 15

AN g
I

215

by

|
i,

2 .
AB3(SEIE 2 ANBET AEHE NG RS ujshid], P3(SolK), & BW olop]
AR AU YT IS S ATAS BATHE G oS0 A5 U gesttt. 11, e
RAE-CIGEAD, C2AETIA), C3CRAA)-o] AUHA02 AB3TH ARAS Holt 4e F23 vt 3,
AstRo] 7ML AYHAY 2B} Folz, FAYo] ANE Au|Fel EA BNl Frkn H4T

% Sgek.

AR20E ) o T2 Ankge] i gulAel e BoAe A, olgh B i An] H4e
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C2BUAE et BURe AL A4S dYHOR therhs e oS 7Hsd Az Ho|
#, 34 faolA A28 ADHPL, 410p0D), F BoHEo] EHsk AAE ZH5Ao] th2ist o]
Wol glek Aste] FEF Pask ek Bd] AFA R ofue AL IA B Holge
o of w24 o] $HARE Zrka St

lo ok r]r

Table 9 Correlation between Core Aesthetic Attributes and Characteristics

m2rE ey 2215 ojopy| xhEY
1 Q2 a3 3 P3 P4 S1 S2
(F=4) (£018) (M) (H=Y) (5014) (2l2lH) (2HEY) (71944)
AE2 4117
(OH =) 0.046
AE3 430* 498* 431* 543 429*
(548 0.036 0.013 0.035 0.006 0.036
AES 479 529% 558 417
(1) 0.018 0.008 0.005 0.043
(*:p<.05, **:p<.01)
o] AFIA Y] FFE el A TEHE 2719] FH FF 84 A SN HAH R, ‘W2hy s
FHE QAEL C1, C2, C3Eo|t} o] e ANES A4S By 8459 A Eo|t) o] Jee
Au A Bt g2 o] gtk tlo]HE EEset AatEo] 7HA = Y E Y EAEC] O E AE
Adgele 98-S oz HAujFog 43S vl ASR S|4 Ht, ‘FE ofofr] APEAY Hetat
FAR 9452 P3, S1, S20|t}, o] I A EEF I AL S 7HA 1, E5] V| k= w2 ATTAIE
L

N

N
X
ot
[o

Aoz vebgeh, Solsta AEA A4 AAF 19 AT F2E BYSI, $2.02
24 AnHEo] Auske B opet Ankeol /| wH et AAE] Hul4e] Jare AT
7hsstet.

eS|
O~
3

4. M 24

AFRA A9 olalE upFo g AEHQ AFE] tiet MFHA B4 A=t 9 24719] AakE
EAQ 2 &4 Frtol A Aulgd Frbell A BE A9 570, 5191 5/ Aol £ 4709] At E Akt
(F10)2 AF9] 270(TSK2-1, TSK2-3)9} 8191 270(TSK2-2, TSK2-6) A 9] Al 32 7} H 49} Au] F7}
Agrolth, A EROIA AR 9l 24 Ab 9] B43) AR omot BAS Y4e v|wre g mEthy
M e 3t 7473 olopr] AEA T A AR FEE] Hrt Aite] FAL AuBE WA 0F folg
E4s}o] Au| o] it gholE =&5}7] 18] Al=stAr).

o{x

Table 10 Evaluation Scores of Highest and Lowest Cases
Cc1 Cc2 3 C4 T3 P3 P4 S1 S2 NP100  AE2 AE3 AE5  AE100

TSK2-1 3.6 3.4 4 3.4 3.6 3.2 3 3.4 3 85 2.75 275 2625 75.125
TSK2-3 3.2 3.2 3.6 3.2 2.8 3 2.2 3 2.8 72 2.875 3 3.125  77.375
TSK2-2 2.2 2 2.4 2.2 2.4 1.8 1.4 2.4 2.4 55 2.25 25 2125 64.75
TSK2-6 2 2.2 2.4 2.2 2.8 1.8 2 2 2.4 52 1.625 2125 175 6225

TSK2-6 2.7 2.6 2.9 2.7 2.9 2.5 2.2 2.6 2.7 65.4 2.4 2.5 2.4 70.3
SD(Total) 0.4 0.4 0.4 0.4 0.3 0.4 0.4 0.4 0.4 6.9 0.3 0.3 0.3 3.9
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4.1, Alﬂ|1 : TSK2-1

LT ge A B KL 4L A A

fai)

WOMIE" 20183 RE FHOE, P, v, AxA

S R AEsfor ol~— FEad AAE" gt Ao F3t £ NE E}E}E}?r o] A ﬂlOlEl
o A =238 YA /éo AL mkxjut
3z

=)
el
i)
1o,
2
i
E=)
M
=2
L
—|m
2
Ha
_?h
rlr
el
s
o
H
o{n
i
E
5

E B9 Y, B9 e

Figure 3 Case 1 (TSK2-1)

ol At#|e] "Wt AL S AR, IA FE ST thE T 22 22 2 BA 9] tH] ek 22 Al E
Fo] dloly 39| ApEskd J4(C3, 4.00& FEHAA st § FELI(CL, 3.6), FUFACL, 3.4)
SHT. dlolg o] 2424 MBS AFA Q] W2H(T3, 3.0 4542 £ Ha, 24 ojop]
AP WA E Y A& HolH e FolE FHoRR sjAste B 1A 4l &H[&3 o A E9
ke Solstal(P3, 3.2) 29 Q1(P4, 3.0) 2RO AASHAL, 28| &3} B4 AEolethes HolAL
T = Qe AHE AAF R S, 3.5k FAEL HolHE AR AAst=(82, 3.0)
eHolntal B7he.
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Figure 6 Case 4 (TSK2-6)
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