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Abstract

As users’ interests of cryptocurrency has been increased, investment volume of it also increases. In
the cryptocurrency market, it cannot always be distributed homogenous information to all investors, similar
to the stock market because it reflects the characteristics of a market microstructure. Cryptocurrency traders,
thus, like stock investors, can experience the information asymmetry in the market and cannot but help
to depend on private information. The purpose of this study is to estimate the trading intensity of informed
traders and uninformed traders among cryptocurrency investors around the world based on PIN (Probability
of Informed Trading). We have an aim to compare the difference of information asymmetry according to
the ten types of cryptocurrency. The results of this study are expected to prevent the continuous increase
of suspicious transactions related to cryptocurrency and contribute to the development of a sound cryptocurrency
market.
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1. 97 HiH

(Coinmarketcap, 2019). o9} ZFo] tjofgt -+
o] g3ty SAL twste e 21 2 A g
AR IS A freskeinh. haste AdaE
3t o] AA wi® 2 wigdle Hoixr) A5
22 715k wel, ¢astert AdEls A=
=214l A H4-& 2AEHA =i

Al Zo]&(Signaling Theory)ol wham, A&k
A B3] 5o ¢k 7ol kel AR &
FA ol FAAEE AR w|A A4S A
o]l ¢loh Kumar, 1988]). X n]thA] 34kl
H A FoIzHE-2 A)glo] B3 A4 AW (private
information) el 2|&ste] Falsted= o] 7ts}
t}(Javakhadze et al., 2014). P& A Hd] <&
g FoAA 5] Fa} Ak F/E4E A E A
A AW FUg AHTE BEE ] Q)R] vy He
™ AP ARl TS o|Este] FxlsleE A7) 7
Aok (Wei, 2013). AP AHE 7uke g Fx}a}y
= A ZAAREY 7t SMESE AR A H v
S A=
st AR A5 Ql A4 AR Ak 3t
2p5o] B FUd AR 53] ofee A 3
TE= A dEsbde A2 AFA T43 AV
1t A 2 A== el
oA I AR} el AZE A A E]A] ool
AR Zojz) m57E QY] BAE AA s A%
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12 HolALE Aole] Ax wlehy 84
© elxel Sutel] gA| Hle). webd B AT 7
o] 4] Aol wiaelo] iz An ] o] Qs
o Aol 2Asks Aoz petshalc. ol 74
Aol EASRE A w]ehAe] Wte] skashsl Aol
& EAlkele 7Pt S8 ksl Eiel wel Bl
5 gne] W SRS Al ) dhe) ol A

gl

A AHinformed traders) ¥ wv]ARBR7HE A=}
(uninformed traders)®] A JelE HoF22H,
A taste] A A% FARES] F7] A S,
A BN A & AEE gl 73S gl
o] & 9J3le] & A= AHANEE 23 (PIN, Pro-
bability of Informed Trading)<& vlEto 2 &)
stz AL 8 gusled AR v S A=
gl PIN B2 Al 24920 2 AR} Fofzlge] A3
o] Al AHE F3lo] A T2 2Ag 7S 28]
7] 913 Ao Sy 3o F2 AfE Folo] QoA
ZylA &85e] gri(Easley et al., 1996).

B AT A okmshe] AlAe] AEES ulet
22 AA #ARES] £ Ak U A FeE A
B 4 QEE ) voprt A X Rt 2] SwelA A
24 S7vste hsstd #E oAl ARE WHE] 9
g A2 vt o] S Algetet =3 Sue) HE
of A AAALR T Hdl hastd A #9171
£ A3ste] B 744 st AAE A=
Zel| 7]eghet

2. 0|2 HijAd Y Ml oi
2.1 AMS0|2(Signaling Theory)

AT o] &L & o8] AAF Zhed A} Ate]o) HHAYSl=
A1 nfA Ao ste] vt (Spence, 2002). A4
Re| vgiA] FARS 7 w0 g8 R Al S
2} ghozje} o] & Al A} Alo]el] e A K.
2% dAtolrt(Akerlof, 1978). dubd oz Fwx}
FA} sk AR A 7PAE "ol vkl Faap
P oo ARE 71 HUE 2 AR ARE
b}, webA] FaAE AR AR G Al
A} 714 AAFHA] Fsletar Q1A|sle] 7hsgt
ARZS A3z} A A 71 o= Aehe
E Hokrha A ytel| it ofel] wet,
Ao 2= AR 990 ol Huiap) o]d&

21}, Aol Az} e o]eigh 7135
e ANATOZN ARl A] ul] BE-5 31| A
Ho}, o]o} 22 JHQ1e Fuf & A FarA) 71 e
gk A o] AlellA] A7) Hrke 8] 2
27} Al A AEAAl == 48 A (Market For
Lemon)’e] A%t Akerlof, 1978; Kim, 1985].
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H26A M35 A5 s Hef &b Afolof BHAMs= HE H[THE el gt oF 31
wgh 7fele] o] FALY] o -5 U T"r‘F*r"’— o] EAEE] wltolct. dA7ZIA] AyH Ay AT
e = 9l ks el A Al R 2ggte] SR ARE F3 v EFLE A, F3P7) ofd ARte®
sitH(Spence, 1978). o]+ Hr} @& Zéi—e— Eai 1y &) Aol AL 71 &elRI) AR 2§32 <l
Abgto] ZP‘H o]l Fuisslr| flste] AHE A3t k7] 9341= 23 of 7 (medium of exchange),
A }301]71] T AHE AGgro R A Re] vy 7} A= (unit of account), 7Fx A& (store of
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T kel Aol 9] Falott,
FFAt "VJTJr tjEo] o] Al At
ANA o 7k o2 A#x ARE
Al WfakA] Feha viggA o Bl sl
ol 4] AelE F=ashe 4-¢7F oItk Spence
2002: Donath, 2007]. wtebs] o]2{gh Aatellr A1
= 7HAAL Sl AelAbe Alele] HArdd AP ARl
o1& AU E T3] olofs Frach uhdel ARE
534 S AR Al o]S Bus})
o187 w ol FF AP ARE IEsuA AR B3}
7F 7l ARE ADsly] $17 59l A2 (Signal) el
FEsle] AE a8t} i Mishra and Prasad,
2004: Mavlanova et al., 2012). wtebr] A7 Fodz}
Sol Wz E AFsto] Ao EAEte AR HHAS
7F A 7124k ek (Tirole, 1988).
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A1 A A o =5 zs}oﬂx:} olg]gr AR vt A A

/\]-14 AHE BH3 AR Az YA 7] = Al
S7h R AeAe] g, v Aol e

H vl
ek alselgsl Bl & 01:@}41 A%
9,] z u]uﬂz] sﬂxl— Hlxﬂ o:] q— ] olj_ﬁrr]
o W Au wey HEe z}o]:&:— ] A g,

2.2 2&SslH(Cryptocurrency)

st&3}b4+= 20084, Satoshi Nakamoto”} F A
2} Afe] 5 FoNE= Al3AEe] Ay = A= $lo] kst
of 7[HkgE S o] WS- o] &3k AFe] A e

H|EF3]-S Aokl tEElA et Nakamoto,
2008]). ==A AA $lo] stu2A ] A& sk
°Li§}ﬂﬂ7} A Sl wet, o] E8k(currency)

-2 2RiH(asset) 22 718t ZlQ1A] ] WA A ¢l ojgk
*‘E"E | e]oA 231 glvt. hsstll= 7]Ee] 7St
(virtual currency)”} Z& ws= 24| 5o 7152
Jol F2} 2MHinvestment asset) 2249 1A 715

value)®| 3d] 76 =575 Hk=A] Bfrslofol g {Jun
and Yeo, 2014; Lee and Cho, 2018). Z&{v} v|E=R
2 F34 ZFe] WAA 7Ex7F sl uhe}, FolErt
W2 A7 71%5-2] Fao] oAl a0t FFel| 23t
7427} AR = 7] wjsel 1A W EAd el wl§- H efshe]
A RS 7leE A F fle AR B 5ol
(Jang and Kim, 2018). °]9]<|= H]Ef’_‘ﬂt SR
frARRE 71 wgAdS Belol wet, 23]8 AkegA]e
AAE A 23 fAE AR E S Bkl
(Dyhrberg, 2016). AA2 F 714 ¢l J3& vx&
22 2]2(US dollar index), tH-E&2Ad ] #4] 5
(Dow jones industry average), 147 ]522] (Federal
Funds Rate), F7F4(S&P500)7} v|EF <l =
frAkeh d ks vIRlel| wle}, v]EFQlS S Hoke ARt
029 AHAe] Fo] 2oz ql=E A} Zhu et
al., 2017). RIEF]S v E3F gtsste|e] A7 el
1:]]3]— :ﬂ—uﬂo] I3l 7L 9 3:;].‘4],] ke rsC]:F 7]04
7] 374 2 I71A19] A= wisdef] el ks
u]x]7] wiszolct. ol 50, $=stelr) A S A4t
289 AAE 7L 9}% ZoR A, 7199
otsste 7ol 7] E5]o ]|
o 3= o7} 71 el Al FHkEIC), o9} 3Fo] 7|31 ¢]
A A=l w2 A A0 Aels ARl kst
siq]_o,] WA A Ao] Alggl oJ RS- 1) zh;]- o]Qeol| = C;j]—ji}
Fof] thgt HA 55 FosAY o] & Heslr] S1%
e A FAE Al A A 2 HeE Al
A&k =7F 20 A= vlEde] Hash| wliel sl
2] A thgk A7 b Aplellx] A|&A o w2 219
wojo} ghel,

'"1\‘ T —

%

H|E QS W R FEIAA A WEAS A%
s17] slete] w=male] g U Sas Soll WE AR
HAS] WskE A ns ANAALA B AT

gks] 718 Folr}(Nakamoto, 2008: Tschorsch
and Scheuermann, 2016; Partanen, 2018).
Bariviera(2017)& 713 3 oA stzslde] &
oo A& HEAo] 698 GdaFs =8 ukglr)
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2 =

ol ‘E}a} 71 WEA & °ﬂ A
= %ZH%DHBalcﬂar et al., 2017). =g
27} A elA st o] vt A o] B
A& AHE A st AR 93
He]x] Z37} i5A ol At o3 d
o2 sy} & g5t A
I frAlstA 9] 4-2] FAA el &3}
o] Fo] FrItk= 7401‘4 Catania
Grassi, 2017]). o|9jdl &, F4 714, & 59
WX Alo] v|EFC 7}A J3S ] xE 849l
b A ekt 80E FellA A
E(search intensity)7} BlEZ 9] 429
Z3l=d) 71 283 938 3= 7
At Panagiotidis et al., 2018). =3+ L
Tsyvinski(2018)+& H|EF4l, 1"—131F ﬂ%" T
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eri‘i °“’L°“ oA = qJJr E‘]EO'] 714 7?‘4 %=
7re 1 o]F AJA L] fALEE 71 WEe|x oS F
the mdlE 37} hssteel] S-S Tk
FHALR, 24 viYe] &For st A4H A
B U ERQl 71 A6 FAA LR {23t s e
Aoz ezl we}, stsstd] 7bA diiate] A
7HA3 el 25k Wstgle] 31F= gt Cheah and Fry,
2015; Matta et al., 2015; Yelowitz and Wilson,
2015). volrt tmstalsl sulebe oHAel] we
e A4S 7kx3s7Y (Krombholz et al.,
2016) F718ke FARARe] F7] A 7|uke] A= <
P& U EH T A2l FHelA A d7 s &
A&t (Johnson et al., 2014: Aitken, 2016).
stz stael gt HQle BE Y g, T4 s
AH R Ale] AAEle kst gk ARS- §o]
A3 F-84S A =5 Z7HFH Chang and
Jung, 2018). =3} t53}aof that sele] Q1A=
AR BAA, I A, 1A o] Rl Bl
& A=E 57}/‘]711 13l
Aol w2 1xE 91
A7l L9l (Walton and Johnston, 2018]
o]g} 7o) gk stael that AEALe] T2} o= E 3

ﬁ

& FRAon Ay AT 84 vee Aol

ololl & Aol g Aol EAlele 4
B4 E wleko 2 olefdh A u YA e wE
Ao Ad Aeg o Zahar wel,
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T ol

2.3 M H|C§= 2E(PIN, Probability of
Informed Trading)

Al AT o] el glojA] it
(market microstructure models) FARAFE Al¢]
o A w n|iA Aol EAlE 7 ekcH Easley et al.,
2010). AR w2t Aol 2] wlj<ple} “H—-JP}
EAE o, sFEAF & A Al ds) A 273
AR zpo] 7} 9)&-L 2n|dtt(Easley et al,. 1996;
Kirilenko et al., 2017]). o]l 12| njthAlo] =2
Zdolets 2 A1 Fodzt 7ol AR gl E4d0]
ol AR 7|6k A wlSe] Erhe AS &gt Tay
et al., 2009; Yan and Zhang, 2012). o]2]gF A3}
Ae T2 FA 7S FEske o F2he] o] fid
ko] 2o AR HAAAET ofe A EEol
S A8 o] FoAAE 1 Fet
A 3l7] olshr, tirhe] FrojaE2 F7) F2h
f19ls w2 = A8to|tHDennis and Weston, 2002).
e AR wtjA o] F& Aol A= T} F=t
Z; Zodz} Ale]o] EX4o] e AeiqlellE B8t
28] AR ARl R E £t Feks 2E 4 glS
Az A% ?‘FLE:“’] st A= freAdel 9l
3= 74571 di¥-Ee]ttDennis and Weston, 2002;
Tay et al., 2009). Hbdol| A X o] n|tjAAo] e
Al M e 2o AR AAEe] AR 54 T
o] ulate] zlgele] A3 Yo} F7lell T d3kS v|A]A|
F8lcH(Dennis and Weston, 2002: Jayaraman,
2008). webA] olzfgt Abgtell A= A ARE o] 83t
AR A AtEe] vIA R AQAEERE o]& @A
o= vbH o) B B AR £A1S 73T Sl
A ek, o]o} 3Fo] AjAF Aedzlr} BARE AP A H I}
N1 FA AAF g AR A S vRle|
e}, Aol EAfsls A ARE A E Far) ok

French and Roll(1986) A X.e] w4 gt
zto] & it o2 AR ol WaEE 34 A H (public
information) ¢} AP AR Z FEsITE 34 A
B BE PR A SAl el e} SA ¢

o] XA m| A FZ 2



H26d H3=

sty Hejx Afojol] == P2 H[fE ol oot o 33

Ftell A FEARZ A E
A, A 719de] TR A RS0 E—‘F x3Ho)
ol A AR FAAR °H”EV\E*§‘ ] \
2 ANE SRt Z7P°ﬂ
A AR A5, AN HELFJ} ¢ —Er°1?‘]l5
7397} w7 wtell A= A7k 9] HE5AS Foly AL
A AH = F7ke] isAE T2 dovl= gkl 9l
o} v olel gk AP AR e AR A A B3]
E7Fsstel AX vt o] EAske v aEA <l Al
b AR At A dFadE Frie e
74438k PIN 23e) oste] 2 34 =} (Easley
et al., 1996: Easley et al., 2002: Easley et al.,
2010; Easley et al., 2011). &, AF4 AREE 7}
33 AR B A #ES PINS® A2t}
olgA FAHH A AXE Tt PIN 232 A4
AR 91 ot WS (proxy) 24 A&l A3k
AR 7E A2 2 v A BN A ALY v EE 54
3 4 9l=E Ft}(Easley et al., 1996: Easley
et al., 2002; Easley et al., 2010].

Easley et al.(2010)¢] w2, PIN 28L& An
v o] EAfete AAE viEke s A X Azie} v
AR FARF] FEEH7] Wil T8 559
273 (order flow imbalance) @ HIA®E A5
o] A€l (adverse selection) 52] w47} g}
todeh. 53], ARAEGE] H&7F AFlA F
3229 A (toxicity of order flow)& &7}sle
Ao] glt}(Easley et al., 2010). &2 PIN 282
FARES] Aoz ie Fa AHE FA5] §J8
Ao, FAAZANA A2 £} 7153} A A e 419

oo Mg R

T8 7S AR Aol FFA FAo] 9
(Easley et al., 2011). °]&i3t PIN RO 7} 5ol
Fo| AAF W AR vl 2)ste] oIEkS- ukx] gke-o
3t (Mohanram and Rajgopal, 2009). w3t 7
Q9] Hd| FF A go] ALSLE 71909 AP Axe]
AR AR BUIAA $]8e] AR uide| 9=l 5
282 AR A 133 freldh WS vehiiA|
ookt (Lim et al., 2014).

—

3. HOIE 47 ¥ 917 Wy

3.1 Hole| =&

& el A= kA Al AR mie} Aol PIN 23S
ote] A skasha] Akl M REARE FARAbE Al
o] AR mAA S stetstaat gt ®iA, 20154
84 7TUHE 20184 124 3197119 ¥ 12434 &
ok A" 10709 skastsle] A7F ), AN &
o 7z wlolelE rsisich AR @ 79 ¢
sholl= v BRI} ve] 20151FE A7 A
w2 nlay 713 Al A A= gl
L Ao FT} ot 58t S| Sulels QAL ql
& Qleh PIN 235 58 ¢h=sh 79 41
H A= E7hE 712 29 vl (ask), W=
(bid) 9] & FAste WA o] Fox]7] e
717k A dlole #H= A Aae] AgAE
Elvke 74 o] olvt. oloh o] FuH ¢%
stolle] Feb Az dlolE el et ApAgE AR o}
2 (Table 1)& “&3to] A| A&},

(Table 1) Data Description

Type Mean Close Price Total Volume Market Cap (Rank) Circulating Supply

Bitcoin (BTC) 3,603.447 3,121,008,281,873 67,869,142,978 (1) 17,564,800 BTC
Ethereum (ETH) 210.722 1,109,053,097,460 14,421,516,939 (2) 105,056,725 ETH
Dash (DASH) 174.225 77,219,841,709 732,446,863 (15) 8,657,378 DASH
XRP (XRP) 0.258 403,338,441,990 13,279,830,678 (3) 99,991,689,289 XRP
Monero (XMR) 72,774 37,139,045,679 833,562,952 (13) 16,825,665 XMR
Litecoin (LTC) 47.259 293,998,718,099 2.893,094,415 (5) 60,682,186 LTC
Stellar (XLM) 0.094 50,121,669,758 1,636,735,921 (8) 104,762,426,518 XLM
NEM (XEM) 0.141 16,719.467.626 386,987,466 (19) 8,999,999,999 XEM
Thether (USDT) 1.000 1,185,662,543,005 2,037,684,692 (7) 2,021,459,017 USDT
Dogecoin (DOGE) 0.002 12,122.868.444 235,330,582 (25) | 118,459,683,718 DOGE

USD(2015. 08. 07~2018. 12. 31).
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3.2 917 W

AlAm| Al 2o tjgt Aot i) ZlsE A A
B ouAE EA3] 913 ook mdo] A E 1
otk 2y B el AE Easley et al.(2002)7}
A A& PIN 23-& A83}o] gtuste] AlAfel] E)3}
= AR vAS X5z} g PIN 232 85
SF A AA wf, vi=e] A=k F A Kl 7|ut
g A7} AR E= vl Eel). o]e]d PIN 232 7]
Zo) v AH viA 34 Y EF th2A A9 H
olE] & migto 2 Z2AF k= HdA FF A vl
59 are of ol A3t §lo] AX wthAukE SAT
4= glrhe AdllA o]3 o] it} (Easley et al., 1996;
Easley et al., 2002].

PIN 53 vz 2 wljs 310} o] 312 71531
A5E o843t AA AZe] Erled A RN 7
o} v H 7 A v E-& FAGC. o]2d F3
< oo ZHA S vlE e g o] Fojxich. A, At
Aol wel 71 kA e} FEE AR ALY wA
< &F aeelth. =4, s AR} oAl (bad news)
%2 34(good news) 2 A 2|9 oF-= 27t 5
o} 1-69] SEE AAH) AR, 31F Falel o] Fo]
Ae FAxEe] A Hele Zol$d HExE e
t}. o] HA A AR AAlE HHE o]v] g
7] Wl £ 2 W wfestar 18R] o
el = vl =] At A=A =t o]e] PIN ®
oA A 52 e 2 ojs 3eES v Rt

ANZ S8k, n g e i S v 5

ox, M ol

Information Event Occurs «

Information Event Does Not Occur (1 — )

Once per Day

Signal High (1—-¢)

= AR AR M=) o] & it E A}
7 ARE vl R AYE & FES 2 A
A B A 2474 v 2 23 SEL ¢,
e, olth. o] & nlgto g PIN 23L& wA)3sha ofg
9] (Figure 1)3 #t}.

PIN 232 obA dgsbolsd upeh ko] AzdellA
A ARE A HE5S F olgel v, A= 2y
9 FA4L #9954 (Maximum Likelihood
Estimation) el &3] o] Fox]w] 53} Zro] A
At} & 31 Ak AA AR v)E T ARE
21 AR Aefztel] oste] AT A o] v|FE 9
Se=

o
PIN= ————
apte, +e

4, A7 Zn

B AT #AE oF 3 Eqke] 10714 as)
g A dle]e]E vigto 2 o] 5] Axe| nihAA &
A48 A3} oh&2 (Table 2)9} 2t} A w.2] nld)
A Axrl 7P 2 ¢33tde NEMolth, & NEM
S 71 E A F NEMell tigh Abd 82w
fato] 7S a3k A RouE AL v)go] o
97121 9] sk steFell vlste] 7Pk A vhebdet

AR, B ATlA HlolHE FHT 717 F
NEM3} #4215 g Azle] Al s e o

///V Buy Arrival Rate: €,
Signal Low § —

 * Sell Arrival Rate: €, +

 /’ Buy Arrival Rate:e, +p
\’ Sell Arrival Rate: €,

/> Buy Arrival Rate:€),

\ Sell Arrival Rate: €

<Figure 1) Tree Diagram of the Trading Process[Easley et al., 2002]
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(Table 2> Results

New.s. Probability of Infoymed t.rading Uni.nform.ed trading Uni.nformfad trading PIN
Code probability bad news intensity intensity-Buy intensity-Sell
(a) (5) () (o) (c) (Rank)
BTC 0.29 0.58 4,723,568,256 513,868,151 420,660,676 0.209 (4)
ETH 0.33 0.46 1,568,438,201 145,908,492 183,825,399 0.233 (2)
DASH 0.35 0.30 97,850,153 9,040,037 19,098,730 0.242 (1)
XRP 0.16 0.53 102,237,225 6,607,851 6,831,339 0.131 (6)
XMR 0.25 0.49 574,116,515 51,270,156 58,321,217 0.186 (5)
LTC 0.32 0.80 1,773,733.034 343,502,737 44,170,739 0.210 (3)
XLM 0.15 0.56 154,048,307 8,877,770 7.911,674 0.126 (7)
XEM 0.09 0.57 1,828,957.782 76,135,432 74,847,677 0.082 (10)
USDT 0.11 0.47 67,139,580 3,030,262 3,133,686 0.094 (9)
DOGE 0.13 0.56 40,909,415 2,289,803 2,068,992 0.111 (8)
E2 9 9%0]H, o] 71 AA| sh=he] fale] H+= Fos, 2015). wabA] Algolx] AR Aeal= AR
b7k o 5T%96-¢ & 4 olek olel Wele] PIN  Adilell wlale] Ad oz S 93¢ uksielo}
Zrol oF 0.24% 345 DASHE & Aol 288 ek o)o] A wlehqo] 2 FEuchs g weh3)
PIN®| 3t & 7H o2 A Be] uld|d] d4k5 Hols o] 2 Fo] FE A AdsEo] A kel ¥
of wpe}, A H 7]uk A zte] ulgo] 7 :LE%% FE = Zlo] dubA el o] gt HEA A A
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