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Objective: The purpose of this study is to find out the possibility of using eye
movement entropy for the emotional satisfaction evaluation of design.

Background: Emotion is often considered important in product design. Emotion,
however, is very comprehensive and difficult to express clearly, so there have been
attempts to analyze it through eye tracking. Most researchers used basic eye tracking
metrics such as eye fixation time, time to first fixation, the number of eye fixation, and
the change of pupil size to evaluate emotion. Basic metrics are effective in analyzing
the importance of each design element but difficulties arise when analyzing the
overall aspects of the design. In order to assess user's emotion about design, it is
necessary to present eye movement as a single metric. Therefore, we suggest the
possibility of using the eye movement entropy.

Method: A literature study was conducted to determine how to obtain entropies
from eye movement. In addition, an experiment was conducted to identify the
relationship between emotional satisfaction and eye movement entropy. For the
experiment, the front design images of three car models were used as experimental
stimuli. Eight college students participated in the experiment and Tobii Glasses 2 was
used to record eye movement while looking at car images. Car images were presented
on the 65-inch TV screen. Subjects evaluated how much emotionally satisfied to the
car design on a five-point scale at the end of each image presentation.

Results: In the analysis of emotional satisfaction for car designs, it showed that a
significant difference exist between car R and H. Therefore, eye movement entropies;
Shannon entropy, Markov entropy, dwell time entropy, and heatmap entropy for R
and H were calculated and analyzed. In the analysis of entropies for R and H, all
entropies showed the average of the high entropy in the design model with highly
emotional satisfaction. However, the means of Shannon, Morkov, dwell time entropy
showed no significant difference between R and H, and heatmap entropy showed a
significant difference. In the correlation analysis, there was no significant correlation
between the emotional satisfaction and the Shannon, Markov and dwell time entropy,
but there was a positive correlation (p=0.552) with the heatmap entropy.

Conclusion: This study was carried out to know if the eye movement entropy can
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be used for the emotional satisfaction evaluation of design. The entropies derived from
the gazeplot and heatmap of the eye movement showed a meaningful relationship
with the emotional satisfaction, especially the heatmap entropy showed stronger
correlation with the emotional satisfaction. Eye movement entropies were higher
in the design with high emotional satisfaction, which means that the higher the
emotion satisfaction level, the more the subject's eye movement. From the results, it
can be seen that eye movement entropy can be used as a meaningful physiological
measure for evaluating the emotional satisfaction of a design, especially the heatmap
entropy can be used as the most appropriate entropy measure.

Application: The results of this study could be used as a guide to the use of eye
tracking for the emotional satisfaction evaluation of design.
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1. Introduction
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EE5HEXBEEE 0|83t ZM e Grtsted 28Ut sX|T A|MFHO| 7|25 HX|RE 8310 A4S Hotste A2 1A
SHO|X| ZIQICt 7|25 HEXBEES 2429 CIXl Q450 £R4E diMste 242 RUHHO|X|T, ZaN CIXle| HMAH QI
ZUE FIlte X EE2E FOHEO0|X| RBICt
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Figure 1. Gazeplot (left) and Heatmap (right)

2. Literature Survey
2 AF0ME HX AMSE Y 242 250 AERLE &80t M ATAYSS ZAL 2ABIAUCEL AN AEZLE 285 O
Aot AR7L TAH O H=E, Jungk et al. (1999)2 BHALS| & JF(Hemodynamic)E 2 L|E @St Ecological display, Profilogram display,
Trend display2| 37tX| CIAZZ0|E A2 E ItH| HifEat AO|=ZER WERI|(Gazeplot entropy) 242 &HdE EASIRILCE 1
Z30tE WHH Hijgo| &2 CIAEY0[7t R2 HO|Z=ER AEZI gh2 LIEHHRACL O|F S3t0f OfsHstr| &A AAE Cj2Z 0|
Y5 AM 0|50 Z7| 20| H2 NEZLE LIEHHCED SHATH

Shic et al. (2008)2 AtE Ot FOH7t P=S AMStE LA S AOIZER AEZL|Z H| WS AHHOtE TEHoz A=z 2
o= B S| @2 FAE, 2|, 2§ S)°l AR 0| =0t HO|=ER AERL|7} GOt &7 '—HEF-“Z} Alzubaidi
et al. 201002 FAMD ofAFS Q| BEHLEO| et XrayS S di43t= 82| Al 0|3 THES 2AMSIRACE. 1 Zat=M oAt
FHLEO| E2+5 HO|=ER HEZLJL HOHX|= Fgs 2L

Jordan and Slater (2009 7HS A SHAM 2EZ A R0I0] ALBAISQ] AIMEY0 F= &S AOHETY| 9J5to] AEZNE &
8otACE O ZWEM AEYA Q012 ABXIEL HO|ZER AEZL0| ROt YES FX| s A2 LIEHRCE Ahn et al.
(20162 LHYPLES 20 L= Hotehs HUXOR St WY MASIA=M, 3tHe| UM F=7t Z0tE+E S|EY AE
Z1I|(Heatmap entropy)?} S7t8tE W22 LIEFGCE Fajnzyloer et al. (2017)2 BIAMAY AE Y 3D fHO|A2| AFEXLS| A|MEHO
Ol A ZEtX|eX| Yoter| Qe ATE fAsHAL, HAMME HEE 3D 30| AMMH Y 3D StHECH Z2 HERT 7t
LIEFLY AT

Scannella et al. 2015)2 3& LERO| H[A CHAS A|ZA S0 et 25 £ A= YHS HMAISIAUCL Bl SHAS] 27 E <t
o A0|=E& AERMQ} A[M & A(saccade)0] BEEIUEL, OIFSHs FLOMe AIMES gt AO|=ER AEZN|7t FH| Ligt
I, st FUME 2 AIMZO gfat AEZ D] gio| LB Ol RJIFFoM = O|FIFY 2t A7[Ea ZE7|0f o
B2 TES 67| WE0o|2tn SHASIACE Lee et al. (2018)2 HIA7| 25 Al SHEZTALQ 7| YEFAL] AJMQ| 0|5 E4S Hlu £
MOIACE 7| 8RB SHERTALECE 9 AlOFAOf ThSto] QoI5 =2 HOIZER NEZD| g LIEHUD, SHTTAs
LS A7I2HZol Thoto] 7| SRS ALECE ROI6HA &2 HO|=ER AEZI Zts LEHHUCL O|F &3t0] 7| dZJAts % Alok
SEE FHCR HIHetHo| H3LE OBty SERTAE WE A7|SHES SUOR HIMHO| S 0Sste AR £X4¢
ALt

Raptis et al. (2017)2 =¥ ZLX(FD; field-dependent) &1t FH S (R field-independent) F& 2| ALRHO| 2} AlMel £F0| of
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YA HEX[=X| AFSHAULE O AFOM= HO|ZER AEZLQ S|EY AEZLE ALESIRICE HO|ZER NERZTO| L, D
Y2 22 U=t o2 HO|=0N 2 AERD g5 LIEHH B, FI RE2 #2 HOI=0M 7t 52 AERIE 20 H
O|=7t HOtE+E G439 HOMX[s deds B0t o|EY AERIO F?, FD RYel 3¢ HUHeR £2 AERIE XL H
O|=7} HO0tE+E JHiHez AEZLJt RO[X|= B0 LED, FI 782 3% #2 HO|=0M =2 AEZIE 711, HO|
=7t 0 ESF 243 Hotk|s ¢S 2L

Ebeid et al. (2018)2 SH=El O|O|X|E LOPM Attt LOPYX| Xot Al Zto| AEZTE H|WaHRA=0|, 0|0[X[2| = QlAsh I
Ct. Krejtz et al. (20142 S 7| A0
B Ot2Z lEZI|(Markov entropy)2t

= LR 5
= 21 Sharnon eniopy EEe4o SR 580 it ) 42 ORI AERTE ROt HOPHD XE
BTt 5248 U2 12D UERIY 52 A HERT
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¢§% Y%= ANEZ 28E $ A1, HMI (Human Machine Interface)E E7Iots WY 2ZE 28E 4 ALt FYSHAULCH

Gu et al. (2018)2 AMO[X|Q| MO|YE FHHOE FYS}7| Lo AIMBEUQ| NEZLE 28I AULt 40712 AWO|X|E 0|4
Ol #2 A1 ®2 OEC2 LD AN AEZNE £t 0|4t AEZHeto| HEHdg M3t 1 ZANtEA otax
AEZOE= Mojga Rol3t BAE HO[X| LUK S|EY AEZTE MO|MHDt folst HAE 2Lt F YLo[X|e] MOjYO| &
S+ S|EY AERTE HOIX|E FeS 2L Hooge and Camps 2013y Z1E £ I EHE ZANK| 7| AHXHEQ Al
Me oflfst EAS =X Lot 7| Q8 HO|ZER NEZLQ 20| A& SA|A|ZHtime to first fixation)Q| AR S 2MBIALY
3 Zut AERIQE A& SAAZHE &2 Yo HUAAE LIEHHA=H O|F S3t0] AN 7H0|HA(Guidance)?t HE U5
HAXQ AM e 7IXIY Ol %2 AEZRLE Zt=Cta FHSIYC

Chanijani et al. 2016)= Al 7tX| mS4F2| SHdo| et 22|t 2HE 2 W ot 2N S45 AEX|0f Cioh LOtE7| /s Al
M AEZOE SESAULE O 21t UKFFE HE4F 22 H0|=2X AEZLE HEIHACL Ol us+FE0| HE+E 22Y &2
Mol HEf, &, CHO[O{ 1 Zko| Al O|SO0| HIMSHA LOjLt7| [Z0[2t SHALt

Gotardi et al. (2018)2 2% Al 2QtZ0| 2HAtL| A[MEG0]| Ot #StE F=X| YOI Al AEZLS SESHAULCL 2
SHE 1632 2TNMA 7Hde] DEE2E Eels 2PAIEY 0|2 T-E[ACE 100~120kme| £EE RAISHHM FoiES I
8 Z22le HME = Fl SUSYL U LG, AR S, ANEYS ABAITIE XA, B2t SL2 2¢FE TSI, 2¢
UO0| SERI+E NSAHZQt A7[E0f thet AldSAl(fixation) 10| =02, AO|=2R AEZT|7t  FOHX|= ZUtE LIEHY

Ryu et al. (2018)2 HHEQIEOIM 113 O|df ZEHO| St} HIS AR 2ho] MEIFY Fo| Al BM T2fo| Xt0|E YLOtET| 2[3f Al

M AEZRIIE =ESIACE =MEQ} EMEE 212} 1534 XIalsI0] £ 3029 ME9| A2 E/d(mean fixation duration, fixation

distribution, final fixation duration and location, gaze entropy)2 OO|E2{HZE HFSIRICt wHXS L0 £=ME A0 HEE X
SHOE BH, EME Moz & 328 ZEAEL @ O Ol A\ME = A2Z LR 12|10 SHXto| 4% Ho=ER
ANEZHIF ZEXEL O A UEtcted], Ol 8L+ O B2 AlZ4E G$AMZ 5t AUSS 20jsitta STt

0140 SITAZIOA B 4 S Biok 20| AMEHO| HOXERT SEBORLH EH ASRLE B0 AIZ XT0f Cfet
QIZto| P S EHS BT 4 USS ¥ 4 YLK CIRRIO Ch ZAE AIZ X130 olstol BAES B35 40[7| TR0
AT Yol AERME BEof0] BMHOE BHY 4 USS 05T & ULt
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3. Entropies in Eye Movements

Al AERTE 8o ATMESS S5t AMSHYLZRE AEZTE A LS| 2ot YY2 37 HO|=2RS E8st= ¥
Bl SEYES ZEots YHE L= + UASS € + UCL A2 HO=ZZRCZREQ AEZID =& YH2 AOI (Area Of
Interest)®f| A[40] HE A+ EEdts A AEZMSL AOI 7t9| O|F S7HA| L2fdhs OEZ AERLZ 7128 + RUSS ¢
T AUCE o] AEZD A bt LS Fe2I5HH i3t 2ot

3.1 Entropy in gazeplot
3.1.1 Shannon entropy

Atd AEZT= F2E AH(Claude Shannon)0| Host BRH LS Fote giAl0) o5t otct HO|=ERCZEH AfH AE
HEAlS

ZOE o= Y4

H - - Pi lOgZPl-
i=1

o7|M P= HH ACIS| & AlMSAIZl(fixation coun)2 iHK AOIS| A|MSAISIFE Le MIISAISISQ H|E0|1, n2 A AOI
o| JHs=0|Ct m2tM AHO|ZERZREH Tl Ad AEZMHO| 10| =A LIEFLCHH AMEXIZL HA| ACIEE 1EH SAIYSS 2
Ojsta, S LIEHHACHH £ AOI0| A|MO0| HEEZIASS 2I0[BHCHKrejtz et al, 2014). SHX|EF AFH AEZI|= AOIO| A[MO] HHE
S0l HIEE AMED| IZ0f, AOI 2+ A|M2| O|sIiEH2 12{stX| o= EHEO| QAL
3.1.2 Markov entropy
AbE AEZI|IF A|MO| O|SIHHE ENE O R LIEHYX| RotCh= sHAE W20 Z8E|7| A&et 70| OfR= QEZNO|C}, O3
Z AEZIT|= OtAZH| Q(Markov chain) 222 &8¢0} AEZNE Tt LHO|Ct OFAIK Q0|2 A[AHE HO|E2| 0FS &
ANMOR CIR &= SEIVYCE, ORE HEZL|E EF ATAMQ MEfTTHstate space)ut &HEH 7t | Ols=ES LIEtL= HOIH

H(transition matrixyg Z-&56t0] Lot O{7|M MEjETE ZF AOIQ| X7|HEQ| Mo R Folg|1, Mo|dEL2 2t A0l 7He| Tol%
Bo| HHE2 FOlEIC} M A0IQ| =7|2HE Pic MM ACIQl SAISITE HA ACIl & SAIZIS E rf 24011, i AOIOA jiH
T ACIZS| HMO|ZE Py= M ACIOA jHE} ACIE 0|53 Z4+E HA| A0l 2t OI%i 2 Lb& Zf0|Ct o|f ORZ HEZT|

= Oh2 4ot 20| Fel&ct

= =

A QIEZmjet OIRZ AEZT= 7|2HOZ AOISO OiSt A|MSAIRFE 7|FEC2 AEZTO| g2 F517] WZ0f, AOIO| AlM
O oLt 23S0 HEH=X0f et Y2E gESHA| RS OE S0, £ A0 1= S A|MO| HE ZRet 10 St Al
HO| HE ZRE SLoM 1212 FFTCh AOIO| AlMO] HE AlZhe BHEo7| flshME S2EHY(Dwell time)S 2&3= X0| 2
st mate 2 APoMs ELEYS n25to] AEZTE AlMots YWHS FOtsto 2&tALt SHELY AEZTE 7|E A
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H AEZI|ot A LHAl0] SYSICL SEA|CH p= TH| ACI2l T Al ZAIA|ZH(fixation time)oll THSH i ACI2| A|MBAIAIZt2| HIEE
Folgtt= Ho| T

3.2 Entropy in heatmap

SIEHE AMO| 7tE 22f HE K2R XA HE X|EIX| 7H2A|2HZE(Gaussian Distribution)2| HEHE #1 U7| IZ0
JtRACHERZE 2835t0] WEZLE At 4= QUC} Pk 3ol TMo| 1,280%8002| SiMTE ZH=CtH & 1,2807H2| X ZtESt
800742 Y ZEZ O|R0{T ZES| XS US = ACL AIMO| £ T (x;,y,)2 SHULE 7IRAINEZE WECHD 7Pg O
SIEYE Mot AlMO| SIS EREE 120 A2 BHEICHLu et al, 2010).

(x=x)*+ (= yp)?
202
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fxy (x,9) =27TO'2 exp —( )
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4. Experiment and Data Collection

2 HYoME ZHUEE FIH0IMO AIMOOIHE 27| s EH|ALS| A|MFXT|(Tobii Glasses 2)& AMHSSHRICH Ha2 UHE A
IO THEAn AMFERT|E X8 DHYRSS HOSIH H2 HEfo|A 6521K| Aol REAL O|O|X|E 207t 21
Ztztol o|ofX| MA[Z7t Btts AFO| XtSA CIXHRI0] ZgX o2 AntLt BEAREX| 58 2AHEXNEE HIIGIQICH ZYUEEE
EILst7| fIsto LAEXIS0| At=Xt O|O|X|E EAMSe S2t0| AIMBE 0| ZHEUCE O|If RESK IRl HA| =A0] M2 &
MZHE Qloh7| s A= of AEXIOL HEHOZ HA[SIQICE TAEX= KiEtn CIXINE &l 8 (H4 3, ol 58)0|
oSl o, B LIO|E 245M(EFEHAL 1.2M) Lk

5 A =l CIAtel O|OjR|= =Lio| CHEX Q! XtSXE 3AHOIA 2018~2020'F AfO
EARE SUV XY T 37HXE B2 2 FESIACL HY O[0|X[o|N ZEte Feke M| 25t ZE 00X Moz §
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=
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O|X|O|C}. 2 AFOME HOlY YFTEE R H K2 FYSIRACL. Figure 45 dFHO| TAEl= ZXE LIETH Z0[C)

Figure 2. Experiment scene

Figure 3. SUV image for the experiment
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Figure 4. Experimental procedure
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5. Analysis

et

CIXQlol ZYREEet Al AEZTO| YEES LOLET|0f RM, R-SAHC| CIAtI0] LS Z-ERUFE0| [t Xt0[7F Z XY}
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>
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>
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o
i=l
1o
I=)
[EN]
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AT
1x
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Q
B
[
Hob rir

HO|ZER ANERIE 57| N SKMELE ACIE F2dt= 40| HaPH|, 2 HT0|ME Figure 52F 20| Atk MHL| =
2 CIXH2l 0] el Bumper, Grill, Hood, Roof, Left light (LL), Right Light (RL), Left Mirror (LM), Right Mirror RM)2| 8719] LS Z L}
QUL Figure 6= 370 AtEXtC| AOIE EOELL

R H K

Figure 5. AOIs of experimental images

5.1 Analysis of emotional satisfaction

okl

20l A M XtSAF CIALRN REO| ZYUEE BrFs 248 ZifFigure 6) RO| 37582 7hY =1, 1 CHS K7t 3258, H7t
7

2522 HY R LtERRCL

Emotional satisfaction
(Average)

R H K
Car Design

Figure 6. Emotional satisfaction with car designs

CIXQlo) e HYREr0| Bt 0|7 Feolehx| Lot #IshA ANOVA =42 dAleh Zik(Table 1), Fol+F 0.050AM 72l

g S Chet kS StalX|
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Aleh 21t =B, RY K7t SY FHTLZ
A0 Qo

(@]
PR = SIXf| Xt0|7h g &

Ao 2 LIEFGCHp=0.049). 2t O C|X}QI0) A
22D, HeF K7t
£ AR/UD, ROl CIXtRI2 ZEREETF =2 CXHRI0[1, He| C|Xtel2

"
of

2
Tr—
3¢

X
xlc
[Ny L

t
t

0|7 ZRfSH=X| L0t=7| §30f AFSEA Duncan)2
S0z gEsiglct ek K8 M9l Al Hel 5 Clrfe
HI TR A0S

.l
O o
E7t $2 CXI0IRACE Mt HETUE=r HEZTO| H2dS LOLEY| 50| Rt HO| CIAIYIS 4 jdez st
Table 1. ANOVA of emotional satisfaction
Source of variance Sum of squares DF Mean squares F Sig.
Between 6.333 2 3.167 3.500 049
Emotional satisfaction Within 19.000 21 0.905

Total 25.333 23

5.2 Analysis of entropy in design emotion

CIxtelof chet Z-EBEZ0f |olsh A0[7F EMst= A2 HIHE Rut HO| CIXIRlS o2 A|MBA Yol NEZLE TSHAUCt

(Figure 7). =40 AFBEl AlM AEZLE= AHH AEZD|, SUEIY AEZD], S|EY HNEZHRCE DHAXEZ ALE 429l Al

M AEZME Yoz =A% 21, Ad AEZLC| Z2 RO| 186, HZ o2 #2 JEZNE EQYCL OfR=

AEZmO| Z2 RO 09, H7t 0752 RO| & O &2 o c RO| 1.89, H7t 16122 AR
ANEZmQ} OHIIK|Z2 ZEEIFE It HuX =UH ROIM =& SErY AEZLDE HRUCL S|EYW WEZD| 3 RO| 264, H7F

3 3
>
g 2 g 2
£ =
o 3
5 3
§ 1 5 1
B =
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Figure 7. Mean gaze entropy with car design
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Table 2. ANOVA of gaze entropy with car design
Source of variance Sum of squares DF Mean squares F Sig.
Between 203 1 203 1.449 249
Shannon entropy Within 1.957 14 140
Total 2.159 15
Between .083 1 .083 673 A26
Markov entropy Within 1.719 14 123
Total 1.802 15
Between 311 1 311 1.151 .301
Dwell time entropy | Within 3.780 14 270
Total 4,091 15
Between 11.139 1 11.139 41.524 .000
Heatmap entropy Within 3.755 14 .268
Total 14.894 15
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Table 3. Correlations of emotional satisfaction and gaze entropy scale

Emotional Shannon Markov Dwell time Heatmap
satisfaction entropy entropy entropy entropy
Pearson correlation coefficient 1 -035 051 104 552"
Emotional o "
satisfaction Significance probability 897 850 701 027
N 16 16 16 16 16
Pearson correlation coefficient 035 1 228 879" 223
Shannon Significance probability 897 39 000 384
entropy
N 16 16 16 16 16
Markov Pearson correlation coefficient 051 228 1 024 1
entropy
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Heatmap
entropy
16
264
322
16
16

entropy
930
16
16
264
322
16

Dwell time

Markov

entropy
16
252
346
16
024
930
16

Shannon
entropy
396

16
879"

.000

16
233
384

16

Emotional
satisfaction
850

16
104
701

16
552"
027

16
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Pearson correlation coefficient
Pearson correlation coefficient

Significance probability
N

Significance probability
Significance probability

**Correlation is significant at the 0.01 level (2-tailed)

Markov
entropy
Dwell time
entropy
Heatmap
entropy

Table 3. Correlations of Emotional satisfaction and gaze entropy scale (Continued)
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