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Objective: The present study investigated different perceptions of the uncanny valley
phenomenon according to linguistic and cultural differences and difference in user
sentiment concerning android and artificial intelligence (Al).

Background: The uncanny valley phenomenon is recognized as an important design
factor that must be considered in robots, androids, computer graphics, and animation
production fields.

Method: English, Japanese, and Korean tweets on Android and Al were collected.
Sentiment analysis and text analysis were performed on this social media data.

Results: The results showed that English users have higher rate of negative responses
to androids that have appearances similar to humans compared to Japanese users;
the English users use more negative expressions (adjectives).

Conclusion: This implies that uncanny valley phenomenon can vary according to
linguistic and cultural differences in participants and that these linguistic and cultural
differences must be considered when researching and applying the uncanny valley
phenomenon.

Application: The results of this study could be used as empirical and quantitative
data for developing design guidelines of human-friendly androids and CG contents
that overcome uncanny valley phenomenon.
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1. Introduction

Uncanny Valley= 22 &3HXt Masahiro Mori (Mori, 1970)7F FESH 7t 20, 2209



112  Phil Sik Jang, et al. J Ergon Soc Korea
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Figure 1. The uncanny valley (Mori, 1970)

Uncanny valleyOil ZtHE X|S7HX| HE2 72| TiEE 212H0] ot Ex7t Q17| o8, F&I Yt H|SX| 2k OFA] Q1Zko|| OjX|X] X

St ATLZHOIAN REE = e BEN Mo 2HZ 230f CHBurleigh et al, 2013; Kim et al, 2016; Saygin et al, 2011; Steckenfinger
and Ghazanfar, 2009). O|2{%t AFANSS HIE 22 ATFZOIML BEY ZHS 2|mstr| flot Crfst 7H0|=aRle SEBL e
O, O|ets L2 CGl, g2t 20 2, CtEZ20|E HZ 2ofoMe= A7kt S At 22IY, 7|52 27| fIet =30 ALk
1 QAC(ang et al, 2016). CGI X Y2t TOFOM= &3 HW, swol & & HEY7|&o| ¥Hez, oot 0| X2 I Y15 HF
1 e AR HQICH H3} TinTin: The Secret of the Unicorn 2011)'2 238t SM7|E 7 H(passed beyond the uncanny valley into
the hyperreal) OfL|HO|M H3tZ H7HEED QO H(Stevens, 2011; Kelly, 2012), B3} Avatar (2009)0 M= B30 EHsH= A HIRE
ZARSE CG FHRIHTE HAIRL e E(0f ZEHRO| ST, MR BRIt A7ISH HHI G A2t HHEHIF ST FHE FHE 7
o LorRtal A2 2| gt

Yotet HEE CGI ZOOA Q| 023t Qb= kel oldnt SXYE A =+ Qe 7|88 +F0| Figure 19| ATZHE ALt BT
7o O|2X3S EAEL 28 ZRO|L 2AER0|=2| HE7|E2 OtEIIA| ATZH| HED QK| QtERO0|E HZ7|£0] kst
E|3, B0l H A (bionics) 7[&2 24 2T o4l ASLF, 2, 2F 5 ASLH 7| 20| SYISH Ea&0f Qztat EZO
B9l YN A7 Rosf E ERUA| 48 W, olM= AT 2Lt BTZH0 CHYH 7t O SR4S ZHEICt TEEIC

RS BT20) AT W AT GTE H2| H0hT| HEH, uncanny valleyoll BRAE 7IZE STSOIAE 20| SHYT 42
M7 @12t 0| BIX| Y2 HER HIROIXIR, MET A 43Z0| SRS 3N UYH 52 JNA Boke 22lof 4y
S O BT go| #OFS0|T 97| TF2OICE Oj9f B Mt AMQl LIRS Sof ALY ARglo] Az SU 3
5 FAZ 0120 & 4 Tt FHE UCHMacDoman, 2005). SHEISH 917kl S 9@t SXAS Al Het0] st UF
O (ang, 2007AAE ZRO| Q2T SUBH +70| ABet WSS LA E{CIRAE, AT Ol EX T HSE W 2 L
3B S CieoIzk B etel x|
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G2 7HA & = USS EFIALL F A7 BT B, AF0| CHSH X|ZHEHM(REESH QIZhet b2| QIX|st U=
Z0|E)2t9| QXY HE(cognitive conflict) # 2t OFLIZ}, 21ZH FH| G0l Tt 22, Ztd SuH 2Ol X0| 5 Chfet 20| J
(=] o AH I-
- S

= 0|2 Aoz Y25, oj2(gt 2255 1a{gt A7t TdEoor & A

201549 28 sh= 0= 2EHAT|0| HE|7teto] el SO{7t FEIF 119 TR0 o) =FS B2 AFH0| LS sh=0f
| Sttt SjEZHoZ FZ UKD, 70| A(guardian), HHEEZAE & oz MYAZ0|AE Q170 Chst

A& O] A0 = &9l 87|
2t EHSIH, MUSHME QO ASHA CEREACHMcCurry, 2015; Rundle, 2015). 0|42 Z50|Lt GFEZO|=0f LS 5, MYl 7]
2Ol Ol Xo|7} EXE 4 UYSS CHHORZ HOIFE ZHOZMH, uncanny valley S4H0Y| CHSH 7ot E20f Q0| 0|2{3t k0|2 H

Mol ot=atst AE ZuE(ZI5N, ROW, O|EF MM E 217t 13 H(uniqueness)g ZESH=E, Ol2{st ™A 2lztat |
A HOl= QtEZO|E 2 217t FHH|[dol| ot Y@e 2 7tFE £ ACHMacDorman et al, 2009). 7|=5uet FL{u oA 2IZto|
Uzt H|%o EWE CtEE A2 MEt=E)ol Q7 FERE BU e 2o|H, 0|72 4Aloj ot B o2 ZHFEICE SHX|TH SYA}
A3 230 B2 FeS 0jX|1 JAs =woME AZH0] Fo|Lt O|E2 EjojE = UCte =2 22AYES ZZ5t ICH, 0f
2ot 2EOIM A7k H|=3H QFEZO| 20| Cfst AR Za £2{20| CHE 23td0| Hjg) 22 Aoz FHELC

Singer 2009)0f M2 &, ML 220 it 235 A4z 2 XH0|E 2O0|=0|, MY2| SF (science fiction) ZESHAM 222 &
7t =AH2 EXHO[X|T OFAlO £3] YROME BITHE ouf MR= FS2E QAL =S 2[3t A}, f7, SEXRSE 2
ASICE Q29| 28 JEXt O|A|FZ S|2A|WpE AF7| RpAQ| X2t 2 H(Ishiguro,

L=

|25 U o HO|=0|=(geminoid)E H
2RO BXet 22 2S4S 7H2 & AL, AT
21 AERO[E0| Ofsh & M2 AlZ &

=
CHSto] CHE Li2t AR Saks O 2de 7ML /S 7t

| =
| 401 oj2{gt 141t Zd Xoof Ci

2016), uncanny valley 7H2 M2 22| DHALS| 24
8o StCt %R ChMasahiro, 1989). O|E 7 Zu
AoR MZig|l, 8% & £3| d2AHES 22 |
AT Uncanny valley 214t8 Z&ot] 2&, 2HEZ0|E C|XQl
X|gt OfZ| ofoj CHEH Ate &ot27| EELh

rir

0
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2. Method

2.1 Method of analysis

E& AEZ0|=0| Thst SMLQ| QA X0 Hm Y| i 2 AFoME A2 Loy A0 =2 0|8&& A4 O|C[of O
O|E{(social media data)Ofl CHSH Zd &M (sentiment analysis) B2 MESIQICE HMHEM2 7|EQ| QI7tSSHZ0F0|A 20| 0|8 &
2t ZHdE 7H(sentiment analysis, Jung, 2007; Choi et al, 2010)2t Z2|, HAIX|QF BAME ZHdSH AFROl ZHEE FZ, EMote W0
Ch SNS (Social Network Service)E 0|88t RAMH-E 7|EQ| EXA}, QIEF, ZHE7IQt H|Wdto] CHfot HiA| ALEXIS0| Xty
Moz Matt AKX HIEHCE H| EAMQI oHSE 8T & UM, (IF& 2 7|7t 3o O B2 oHg g = ULt =
2, £33 g5, 420 tist JEHo|1 HAX HE/SHE S7tsoiX|T, AT DafsiR] ZRHE ArdES LS, 240

ZAE = QUtks FHO| ALk

¢ 27t & 20t o=, MY 27t & 0|79 Twitter HAIXIE2 BASACEN 22, A, AEZ0|20] i3t 214 X}
3 £ X|310] 2016 7|F TMAH 3 1HEHHO| 0|85t U2, 140Xt O|Lf EHELZ
288t HEXQl SNSO|ChStatista Inc, 2016). 201614 7|&=22, SNS B0 A Facebookl} Instagram
. SEX| 2, Twitter= Streaming APl (Application Programming Interface: Twitter Inc, 2016)
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2.3 Data collection

Twitter2| Streaming AP R, Python, Peal & Ctfet Q10| S1t CIA E(0] HA[ZteZ CHRFQ| HIO|E =&E 7Is5tA AT 13 of&
o] ItA HIo|H HM2 E7tSSIC) Matd 2 AR e C|H, HAZICR HMEHE AL0|= Twitter®| Streaming APIE 0|85t
O, 1t H|O|EE AMDI0{O ot= HR0= AM & 012 RSelenium package (Harrison and Harrison, 2014)
£ AFB3L0] Twitter2| Advanced Search 7|2 Attt 2M CIO|HE FEstAULCt.

Twitter HAIX|E Fe3t=H AN = AFHME RobotO

Lt Android, Humanoid S1F Z<2 ¥ (popular name)0| Ot 'Geminoid',

'Chihira Aico, 'AlphaGo’ & £8%t AndroidLt AIE A3 DRYAE S0, L20f, BH=0|2 27|5t0] HAUBIACE 0= RobotO|Lt
Android, Humanoid St 22 S80[ SNS &0l ZH2(otL LSt AHEE|0f, Y 7|ER 0|83|0= FHEe Aoz HE
E[7] EOICE OIS S0f Android 7|HEZ HMY Z2, HME Zits AOIEE 0SE 2[0ISt= HIAIX|7} LR 0|8, Humanoid
= 52 HWMETH ZuS ZEe| 0§22 0|85 <= 5, g7ol 540 X+, 5 'Robot, Android'®f| Cigh 214{0t ZHds E2{U= O
ARl HotE7| SISt

Geminoide Y29 28 F8HAt Hiroshi Ishiguro?t 2212 P st 22 HZHet Android G, ToshibaAlZb 7He
¢t Chihira Aico2t E7H 217t SAISH 2oz ol A=t OfL2t MMAZ2E Uncanny Valleydf| #HE =2|& =8 Y271
UCHFigure 2). AlphaGoe Q17to| ngd o2t LaiX § QIZts oM = 7[EE HOFSoEM, ASX|SANS| AlTi7t

— AN 1
Eajsla e g ROIE 739 JAsts AAHoZM, 20164 38 0%, Tyt ojHlo] £2g wa otk
St 25 = ol tele] |AU=(), 10|, Bol} ZHE tork B 71 % o F/grotol /2 WIS Al
+ ool o 7|Zi0f 2K ROzt

(Android)0f| A 7| Clet 7*OWIE 7*’5%‘ Jé'ﬂﬂ UL,

Figure 2. Geminoid (Aaron, 2011), Chihira Aico (BRIC Plus, 2015) and AlphaGo vs Lee Sedol (David, 2016)

2.4 Sentiment analysis

%2 Bigdata®t 2HHE social media 24 X 2B/t Ats2tE ATEQ0E 01838 BII7t WOl 0|&8&1 QUCH Fojo| A2
Ole 2MZNe F=E(Q17to] ZdHItet UX| k)7t Lot Y et U™ +F0| Z2to, 4 Y8 Sw Tk OtL|2} SentiStrength@t
Z2 Open source 7|gto] A[ABIE R ChSH 10| 2-8EICkSentiStrength, 2016). SHX| T L&20{Qt $H=20] ZHgEA9| ZH20E ¢
to] e EItet Y27t 5 HoE de| QFE A|AEE OrEIIX] &o 27| FEL 2 AT0|M FTE HAIXISES YRR,
U=0fot st=0f 4 YL U Open source 7|80 ZEEM A|AH 2~37tX|E HAES] 2 Z1}, Q17to| ZHdEItet AX|sH= H|E0|
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BF 60% 0|20 Ao = LIEFCH HAIX|O Cist ZMH 8 Hotste AHol2Z
1 L7l #40| o2 & UXE HAE ZAq} of2fst Z A

2 AR A FTE HAXE THeE 2 01” 1807 O|2HQl ZHoZ mtE|of, SW A|A-O0| OFl QIZHEIIXIY| ofsiM = EAM 0| 7t
S8 Zoz MZig|Qlon, o|of mat RE HAIXIE Nl Ol QIZHEIIRIZF LE+Of Btz E ofQICh B2t Mo It 7to|=atelg
IS A HMAISH, SLT 7|=0AM “47f7r O|ROIX|= 2 ol on, FtE HAIX] 5 YEE F=
ItSt=E ot, X8 BABI0], HItRtE 7t ME[dE @olstict
3. Results

3.1 Inter-rater reliability

M ol BIIRIZL DAIX| /2 Bt Al ol FE UX|EEe BIHE WEle XE TS| «stol, FeE EQIH HAIX| & 2007
£ Yoz FEIIL FIIKSH HIIGHESE SR HAIX= 3E/2E Ex= SEEITAR 83) Ml 71X dF2 FE5IEE St
oo, B 2t UE|Y(Inter-rater reliability)2 Fleiss' k SHX|Z ZFSIACL SAX| AL0= ROl ir package (Gamer et al, 2012} O]
2814 on, HAE Fleiss' k 32 075291 HO 2 LIEISICE Fleiss' kO] Of= HEO0|0{0f $iCHe EAE 7|F2 OFX E=XYSIA| e A
S ¥24M™ UXIP, Landis and Koch (1977)2] 7|=(Table 1)01| O[St A Ho| HIIX} 7Ho MEHN UX|(substantial agreement)7t 0| F0f
X& Aoz moteict

Table 1. Interpretation of Fleiss' k value (Landis and Koch, 1977)

<0 Poor agreement
0.01 ~ 0.20 Slight agreement
021 ~ 040 Fair agreement
041 ~ 0.60 Moderate agreement
0.61 ~ 0.80 Substantial agreement
0.81 ~ 1.00 Almost perfect agreement

3.2 Collection and analysis of tweets

71912 H2 TS tweetQ] 70t QIZHETIRIO| Ol BIE! tweet 7H=E Table 22+ ZC}. 'Geminoid'@t 'Chihira Aicos DA £
JHE|7| AlAfet 2008 @it 20151 1EFE 20151 9&MA| Z 7| E(F0], P20, ot=0)7t ZHE tweets AM, ST
AlphaGo & tweet2 3=l ZE7J|AL O|ME 9%t} Ci=(Google DeepMind Challenge Match)O| O|F0{Zl 20164 3 9Y~19L7t
X| tweeter streaming APIZ 0|85t0] 155991705 FSHRACE 2|1 FEE tweet T HO|, Y20, ot=0f HE 212} 30007HE
o2 FE5H0 3FY/ATY N THOIZAY 2 2% £ T StLE BIBIEE SHAUCE 02{3H M 7§ 7|/E 0|20 2008 3EF
B 2016 3&MK| oo ENE Fof, 20|, 3t=0| HE T 124469705 FEstL, 7|2l LEZ 27H2| tweetS UQ|Z MEH QI
UEIIKER 5105 B7ISt= S SHAUL

n

3.3 Results of sentiment analysis

258t

S SIS 3 ZHEY S0 TPE ENCR 2R
29.7%2 A= U

A—

2! HIE2 Table 22 Z2H, 7|Q{=9f A0 2t XtO[7F UKD, Et
tEFSICE £ 7I9EE ZHT tweetO|2tE, 4, & ==

— AN
H(spam) H URLO]| C{et HEHIZ M= tweet & 5

http://jesk.or.kr
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Table 2. Number of tweets collected and tested

Keyword Geminoid Chihira Aico AlphaGo random

Period Jun-08 ~ Sep-15 Jan-15 ~ Sep-15 9-Mar-16 ~ 19-Mar-16 Mar-08 ~ Mar-16

Language English | Japanese | Korean | English | Japanese | English | Japanese | Korean | English | Japanese | Korean
Number of

2,250 3,979 31 78 161 87,486 | 38,180 [30,325 | 69,094 | 27,721 |27,553
tweets collected

Number of

2,250 3,979 31 78 161 3,000 3,000 | 3,000 | 2928 2,928 | 2920
tweets tested

Number of tweets

. : 758 965 10 22 128 864 746 281 1,276 1,079 1,080
with sentiment

Ratio of tweets

; . 337% | 243% | 323% | 282% | 795% | 288% | 249% | 94% | 436% | 369% | 37.0%
with sentiment

EREE tweets2| =7t A|7|QF AL0| Wat ME0| 27| IHE0], O] H|SRteZ £ AH0jQt 7| =0 Chet ZaH, ZEAl Bt
HIE0| "=CF, 'RCp 1 EPY A7|= Of#Ch SIX|B Zdol =etEl ES o] 3Tt £ H&S H|udtH 3 4
SEX/EEHE FMO| 4T Hlwe 7+SSHCt Figure 32 2 HOJE 2 Geminoid, Chihira Aico, AlphaGo X &2[2| tweetOi| Cf
P33 2EEIO| H[E&S LIEHH 20T} Table 3= 2t 7|9E & 210{ 2t XtO|E H|WSH7| /8 HA[SH Pearson's Chi-squared test
s exact test 21 pvalue gtES LIEIH 2400, Figure 30 25 ZAuh2t 7t LHe| RO & HIE HA[SHRALCE

3! Fisher

Figure 30IA = = A= AXME, GeminoidOi| Cio HOIA twitter AFEAIS 2 L=0] ALEALEO HIS) Fol+F 00010 SAX2=Z

NS *kk *kk
*kk NS *kk *kk NS NS *kk
— — [ B [ B ——
0/
100% 45%
44.1% 42.6% 41.7%
75% . 50.0% 51.6% 9% 51.6% 52.4%
)
65.7% 60.8%
50% 95.5%
58.3%
25% 50.0% 48.4% iy 48.4% . 47 .6%
0y
34.3% 39.2%
0%
English Japanese Korean English Japanese English Japanese Korean English Japanese Korean
= Negative Geminoid Chihira Aico AlphaGo Random
Positive

Figure 3. The negative and positive ratio of tweets with keywords Geminoid, Chihira Aico, AlphaGo and randomly collected.
*+* extremely significant at p < .001; NS - not significant at p > .05
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olo
O —|

S HO|(RY 559%) AESH ZHOZ LIEFGCE ¥2J9] tweetl] CiSH /57 HIE1F HuES o=, Ho ALEXt
= Yoo UHH(FEA)Ql CHO HISH GeminoidE O REXLE, Y20 L&A O 3 (B 657% 28 HHGHRACHp<0.01).

0] AFEXIS| dR0= 3-E/2EE HY HI20| CHE A0t A9 tweetOl CHTH HIZ0]| HISH SHXH2ZE Rolet XAI0|E &
O[X|= GARALCY.
Chihira Aico2| Z<0| HO{H AEXIE2 77 B30| o FEX|= A2 HEHEL F Y tweetl| H[E0| Y29 tweet
484%)0fl HIgH ®2l=F 00010|A O 574I7“ Ol =2(955%) A2 LIEHGCE =0 AEXIe| d20= Geminoiddi| HISHM =
sSAMCZ 3EHY 30| 237 516%) A2 LEIHLLL, A2l tweetd] Cith 3EH B3t SAHLE {3 Xto|=
KE|X| UUCE AlphaGoli| CHEH FO{E AFRXHE S Geminoid, Chihira Aico2ts 22| 28X QI EHO0| B2(3H 608%) A2 LtEt
el gelel Ty st —5”53’“ HA(SE 516%) =Lt Eﬁl‘*oi TS H(p<.001) B2 A= ZAMEUCE BT, Y20 AL
Xto| AR0l= Geminoid2t 2|9| tweetOl H|SH £YH HIE0| 22(FH 574%) A2E LEHTHp<.001). 250 0|&XH= Geminoid
X A9 tweetl] CHoH 7 H|E1F HI B0 SAZXCE °°|°* Kol Yle HoE LIEHGCH
Table 3. The results of Pearson's Chi-squared test and Fisher's exact test (p-value)
Geminoid Chihira Aico AlphaGo Random
Japanese | Korean | English |Japanese| English |Japanese| Korean | English |Japanese| Korean
English | 0.000™ | 0756 | 0.000™ 0.000™ 0.001™
Geminoid | Japanese 0.326 0.002" 0.000™ 0.000™
Korean 1.000 0.750
Chihira English 0.000™ | 0.000™ 0.000™
Aico Japanese 0074 1000 | 0938
English 0.000™ | 0.000™ | 0.000™
AlphaGo | Japanese 0382 0.000™
Korean 0.225
English 0.760 0.000™
Random -
Japanese 0.000™

*** extremely significant at p < .001; **very significant at p < .01

3.4 Results of text analysis

UAHEIIE tweetS AL Z text mining 7S EL810], Z HM 7|9 =(Geminoid, Chihira Aico, AlphaGo)2t E7H 20| AZE &
S AHadjective)E Hl= =22 LIEHHT Table 42 ZLCh Text #410]= Open source 7|Ht2] KH CoderE O|8StA2M, AtF ALBE 4
2 1071 HEAME FYSIALE Geminoiddi CHSH FOIZ EHgEl tweet01|/\‘|h realistic’, 'human, 'lifelike @t 22 23 B} ‘creepy’,

‘uncanny’, 'scary’ 1t €2 £ EHO0| XtF O|ZERUCL O|HA SE/FE HA0|= HEAIE FE 0|8E[=0|, Geminoid & F
Of tweetO £ 'most!, Yjust!, ‘very'@t &2 LHIEOI 2 AL 0]Q|0f uncomfortably 2ts BAPL =2 H.JE(ZHWH 463)2 AZE|QULCt L
20 tweetd A= =2 'human, 'mobile, 'amazing, 'interesting’ St 22 383 BEHO| 'scary, 'uncanny' 52| £ EE BHEC} X
O|E AQZ LIEtGCL

Chihira Aico0f| CHet HOf ESIo| E2,

Figh BILE tweet == BA| @R|2H(n=22), E0| H= ES HAIX|O| ‘spooky'2ts ERO| Of
SL|AUO, ‘creepy’, 'scary' St £2 £

St
=
HHO BHO| At AR E|ACE O|ts e, €20 EROAE 'human', real, 'human-like

http://jesk.or.kr
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oF Z+2 FYXQl BH0| Ho| AFE HOE LIEFLILE AlphaGoZt AFE tweetSOIA= A0 48I0| 'human), 'amazing, 'good)
strong' & SHEHCE HIHE £ U= HEAMSO| FE MEBE HoE LIEHECD

Table 4. The list of adjectives and frequencies (ratio) related with Geminoid, Chihira Aico and AlphaGo

Geminoid Chihira Aico AlphaGo

English (n=758) | Japanese (n=965) | English (n=22) | Japanese (n=128) English (n=864) Japanese (n=746) Korean (n=281)
Adjective Freq Adjective Freq Adjective Freq Adjective Freq Adjective Freq Adjective Freq Adjective Freq

(%) (%) (%) (%) (%) (%) (%)
Realistic (11 gg) Human (11 ;150) Spooky (5155) Human ( 453?0) Human (76;11) Human (11169; Artificial (éﬁ )
Creepy (19;3) Mobile (11 8% Robotic (32 2) Real (237?3) Artificial (32'2) Artificial (g;) Human (1?3)
Human (;i) Scary (!633) Creepy a 33 6) Human-like (%2) Amazing (5_2) Good (;38) Great (;675)
Lifelike (;?é) Amazing (é%) Scary (9?1) Capable (11;2) Big (5_5;) Strong (;Z)) New (;2)
Uncanny (i(;) Interesting (gf)) Hot (9?1) Main (11(;2) Interesting (5.2) Professional (;E;) Real (;.%)
Real (;i) Good (i% Human (9?'1) Realistic (11(;2) Last (;g) Different (ﬁ) Scary (;.%)
Cool (;.?)) Realistic (j:é) Lifelike (9?'1) Digital (;i) Unusual (127) Interesting (52) Professional (3?2)
Amazing (;.72) Active (;Zg) Effective ( 4?5) Facial (;;) Perfect (11 ,563) Last (52) Economic (2?5)
Scary (;ﬁ) Real (3.56) Realistic ( 4?5) Robotic ( 6?3) Divine (11 .2) Top (;3) Korean (2?5)
Freaky (11 g) Uncanny (3?.56) New ( 415) Female ( 6?3) First (11 2) Bad (;2) Same (2?5)

4. Discussion and Conclusion
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