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E2v 2 EHe] Ao A& AY S A g

T3 2 W Ade Y&t AYAdA 7|HES] ]5E Ay

T4+ F ¥ A(P1, P2)7F AFE(CPU)E A2 AYS 3= A= (Low Engagement) AlUS o A3t}
L5 B He AdidA JPARFYH 98 EG AS AT eAE BT

=
6 WA E=9%E E owtge] Ao VLF LF, HF #4235 Kol g Zolt},
ZI0WA E12+ 2 o] Aol Auk=(BPM), XZ(Amplitude) % SDNNO| 24 ZAxE meld),
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ZHAI] Sl FJAEE vE] TRt T A FAEATE. 5H WEE T HReference) H 2 ZEY(High
Engagement), A=< (Low Engagement) AE|o] & HAIE F3&rt. £ W4 ECG(Eelectrocardiogram)
A5 o] HEES ARESHE Y. A AH] = BIOPACAFSY] ECG 100c amplifier % ECG sensor(EL501 ), National
Instrument A/D Converter& AF&3le] ZASTE. NIAFY Labview 20145 ARg35to] 21554 2 tlolg 4
S Agasivk. 54 METYS 500Hz= 3kl

Ao E20] Z=AF vEe} e Adlo] AFRHYE. T2 AFE 93] AAE 5X59 vlEY S A=
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719k ol AdE HysteE T HAPA EE ECG AsEAFEH 5501]/\1 EATE uhe} Zo] ECG A& HE(Y
=), PPI HE, ﬂ*&i%%, s Felo] WEHFFD S A AAA T T WsE FEE3AL, 3% HolHE B
T ARgSte] A EA ekt ECG AEREE FEE WS (Es %E}U]Ei)c VLF(Very Low Frequency, %),
LF(Low Frequency, %), HF(High Frequency, %), BPM(Beats per minute), SDNN(Standard Deviation of N-N
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Interval), LF/HF Ratio, 2®]3l ZZ(Amplitude)olt}. oi7]olq Z+ i Fu¢ HYES Aynw VLFE=
0.0033hz~0.04hz, LF: 0.04hz~0.15hz, Z18]3 HF: 0.15hz~0.4hz ©]T}.

FFTES %ajA He 33 VLF, LF, HF t99 9= o]&3le] VLF(%), LF(%), HF(%) 2 LF/HF ®](ratio)=
N a=ia=

F84 1

WhEL = VLF Power iii ::Z:z:mr Power
544 2

i ot b VLF Power :fFPF:T:;'-}- HF Power
#8443

i e VLF Power -ii;‘:::::’vz’;+ HF Power
F54] 4

LF/HF Ratio = ;if,‘:::

agla, ko) i Axp, S o] AR SN2 919 #AHol A HEH PPl JREZFEH P},

SAREN = B4 ZTzao s IBM SPSS Statistics 212 AFESINT. A A He A, ulolEl7b AR
X2 A Forg vy AL AAET. Kruskal-Wallis H #7: Task @2 Ady A5 544
kol E g1kl o™ Mann-Whitney U HAS &3 ASHETS vt 7MaAFS A% Folw: p < .05
= T

%6 WA =9%= VLF(%), LF(%), HF(%)<] w2 ADE Holi= agZzA, of7|d A& Holy AZE 4= 3200]
At BEAAI} VLF(%), LF(%) oA =< (High Engagement)® # =< (Low Engagement) Ej~= 7ol £-23%+ A}
ol& T & AA=E(P<.01; p=.00), A A A 159 B2ade BT B9 xolE BT

Z10Ux] =12 AlubE(BPM), X Z(Amplitude) @ SDNNo] BA1A#E HQITh, of7|dA] Al&%E AME = 320
old=dl, AFE(BPM), X (Amplitude) 2 SDNNeOlA -9k xto]& el(p=.00)atgtt. 28] AL AR 2
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S B8 =Y AR w2 A¥3 vkg B4, FH(Reference)ol BlE] A EHl2=Fdd 9
st dojus AE AT = AT, ou B Fo]l =2 E 9 (High Engagement) Ef
3}

j=4 e =2
A gRbell M A= (Low Engagement) Bl Bt} wzHAl7d &As7h A7 dojus AS S90d = Al

A g Wael WA o] gl BY ol AolT I 8, FIF Ao} i WEE AET 9
o E AN Ag3Y] B WF B, A0 AT we MFES A4sE Aol Asst. AT 44
A3 FH(Reference) FHT FAT FolF AolE u WMFRA dF Sof AvE, ATL Ao A
29w Fr7} sbssh,

(

s, 7] Aol A2 AlE(BPN) dlolElet 7% (Amplitude) HOJEE o] &3
gaiglom, 1 gL E13¢0 =AE upep o], OMMI Zefold A= ol
(Amplitude) Z5-E HolHE FZ3A =, 99 Alo]2E 5% &g AHHELS 122 51¢la, Auk=(BPM) 9]
H%Eélbmii%ﬁfﬂﬂ&%ﬂ.m)moqaa7Lmn9

d A0 oA, v IR S Tl AAE Aes FESA, ol A9 HSE Sl HHs A
= dAskeld.

ri.‘:]‘

145 F=xstd, THdEH (Reference) o] 43 48 AA|g A3} R=-.568, p=.00 &2 Folst S A4
29 (Low Engagement) El==Lo]A19] Abgh #4418 AA|g A} R=.561, p=.002.2 Foatn e

A& Belry, g, 11E9)(High Engagement) B0 Aol Ak 418 AAE A3} R=.776, p=.000%
[e) A

E15 wWupe) wae] e NF WsE wol: tg)wolr

¢
Y

[

15904 "a"t&= =< (High Engagement) , "b"& A& (Low Engagement) , Z]al "¢"& 7|+ Ex TH A
Hl(Reference) HlolElE YEldY. =155 FH231H, 7+ Eﬂii HE Aol Fobol] mE XEe] Wy v
A VEREE], 61~88bpmZh A= Al w2 7] 7F oA W R E o] EolA|= sfElS HIth(R=0.561; R=0.776).
a2y S H(Reference) HoJE (c)& 90bpm o] FFE Autyr) ol =5 Fo] ZolA = HEIE HRITHR =
-0.568). 1L, 120bpme]F EjZ=FoA A w277} F7FEES 2% gho] ZolA = RS Holth, AEH
o7 AFES EY HaId wma A $rb SRSk 9 2E ] Wsyt 2 A BRIt

olaf, Wit W AEe] WA AojE ol&F B wo] me A sARAe] 5] v R},

ofgfe] ¥1& wEQ ElA=A(High Engagement Task)ol] thdt thx}al B4 Axz A 248 SSE(Sum of Square
Error), R-Square, RMSE(Root Mean Square Error)9 #g ®elt}. 1dil, E16S Wul=(x)-XZ ¥H3l(y) 1

)

rl

AzeA, "a" = AA vlely ekjleln, "b" EJE gkl
X 1
High Engagement

Polynomial order SSE RMSE R-Square
1 209923 0.148651 0.586868
2 1.6222 0.130674 0.680743
3 171713 0.134443 0.662065
4 0993195 0102248 0.804537
5 0.60242 0.07963 0.88144
6 0614114 0.080401 0.879141
7 993.168 3.23333 -194.457

219 ®1lA], SSE9} RMSEE 00l 7178 42 & mdlo]H | R-squares 19 7M7HE 2 22 mdS Jehd
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o, whebd, 329 (High Engagenent) o] ¥4 A3 thakae] ofdlel A3 gol 534w Y £ wa 2
e nYe o F Atk

obefe] el A, B, C, D, E, F = 5ot}
5 4 3 2
y=A-E9 +B-E-06x +C-x +D-x -E-x+F
flel Aol &4 A, B, C, D, E, Fi= ofelieh 2ol Aeojd 4 1o, of +100e] ®gl el =44 4 3l
o}
A= -4.34 £10% B= 1.9 £10%, C= - 0.000319 £10%, D= 0.02536 +10%
E= - 0.9381 +10%, F= 13.127 +10%

A 45E wEY B2 HA RAQ 54 Al AgsA, obds gon o)t w169 viele FA
3

Fej o] =ale el(b)o g TAE] r}.

y = —4.34E-9x + 1.9E-06x - 0.000319x + 0.02536x - 0.9381x + 13.127

91¢] A== National Instruments A}l Labview 2014 T2 73S x}-gale] A, HA A o1 HS
ARgEte]l (X, V) diolH AEd] tigh vk xp4E FEa9i).

olgle] #2, 32 A& Bl (Low Engagement Task)®} 5 Bl (Reference)dl tjdt tpztal B4 Az A
2= SSE(Sum of Square Error), R-Square, RMSE(Root Mean Square Error)9 ks H<Qlt}.

99 F19o uEQ oAt AR A S 2= (Low Engagement Task)$} F H(Reference) Arejel
o]4, SSE®} RMSE®E 0l 7Mhg % £& REdolw, R-squarex 1o 7MHE 5% £2 A& Yepdtt, o}
A, A8 2= (Low Engagement Task)®} FH(Reference) AtEjol lojx el EA Ax=w thatdo] ofze] 2
Eoll EAlE vhel o] 5aEgd W 7HY 2 BE ATE BYS & 5 QU

<AEY Haz9 34 >

B wi=ae] 394 mdoA 7] 44 A, B, C, D, E, F = ofefe} Zo]l Ao Hu, £10% W WA
753t

At 4.505, B: - 2.145, C: 0.000395, D: - 0.03516, E: 1.5048 E: - 24.1143

b, 7] el o A& Baae] 34 RS ofgeh g,

R
ofr

v = 4.505E-09x - 2.145E-06x + 0.000395x - 0.03516x + 1.5048x - 24.1143
<z AH9 374 2>

T JEY 374 BdoA 37 EdA Y] d5 A, B, C, D, E, F & ofell9} o] Ao ¥, Ar| £
10% A9 oA ¥5 713t

A: 1.66, B: - 6.6, C: 0.001015, D: - 0.07493, E: 2.64916, F: - 35.0965
kA, 7] el odt TR dEe] 39 22 ope g

y = 1.66E-08x - 6.6E-06x + 0.001015x - 0.07493x + 2.64916x - 35.0965
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¥* 2
Low Engagement
Polynomial order SSE RMSE  R-Square
1 136323 0125903 0289465
2 135079 0125327 0295848
3 143668 012925 0251184
& 1.0425 0.1 0456635
5 0.91208 0.10298 0.52461
& 0:.888079 007188 0483
Fi 176938 143438  -91.22%
X3
Reference
Polynomial order SSE RMSE R-Square
1 085922 0.112408 0.30%475
2 0.722538 0.10308 0419321
3 0297683 0.066164 0.760762
4 0234816 0.058764 0811287
5 0.10132 0.0386 0.91858
6 0137248 0.044526 0.8589699
7 372165 233945 -293.096
w ool ohE wel QolAl, Avlsh 2ol Aej7 el Ad ANHE AZAA
() S ol&sto] 2 Aur war|dM FEH= AAl JF(Actual Amplitude) #H-& S8l AH&AS] HHiE +
Zaltk. 5, ofd B sEle] AekA] AdEedv (A= A ﬂ%k A5 =, AA F(Actual Amplitude)el
gk o= XZ(Predicted Amplitude)®] ZFo]Ql Xbx}E Albato] A Alubgel 1% gho] ofW 3] R (73
29) e, ok 2] AejelA), o Neutrald AHlelA gekshol Aghaa delshdny,
dt Adbe] wEw, 4o A" wkeh Fo] = Y(High Engagement)S TiEdhs AEEs

(Reference) & T#3te AL E 908 AE HA.

|Actual Ampltude — Predicted Amplitude |

100
%%} _1;_(%) = 100 - Predicted Amplitude *
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k&
N

Accuracy: 90.5%

Predicted condition
Predicted Condition

Predicted Condition

High Engagement Reference
condition
High Engagemen g0 ]
True t
condition 3
condition
Reference ! e

olglo] F5o] EA]E whe}l o] A&l (Low Engagement)S &3l A& 87.5%, Reference 7-&3te= A%
E¥ 90% A¥E HiY.

Accuracy - 88.6%

Predicted condition

Predicted Condition Predicted Condition
positive

negative
condition 77 11
True positive
condition iti
CDHdt‘tEDI"l 2 63
negative

al

g2
¥

A (High Engagement)<s T3l AEE+ 76.8%, Y (Cooperation)s TEdte AEE+ 76.1% A&
1=

k&
(&)Y
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