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ABSTRACT

The purpose of this study is to establish an objective assessment model of fun in
game, the experimental method is based on “Valence-Arousal model” and "Flow
Theory". Flow is the state in that a person puts his or her heart and soul into something,
it occurs simultaneously when one reaches a high level of excitement and sense of
fulfillment.

Raw data is collected with the following methods: (1) Arousal data is acquired with
a sensor module built in the mouse, the. module is.to measure and calculate heart rate. (2)
Valence data acquired by observed expression of the player's pleasure level. All data
acquisition activities do-nat interfere with the player, they are in-activity measurements.
The principle model employs a two-dimensional V-A model to give the value of fun. We
draw a time-based fun curve for the assessment maodel of fun. In this study, we use a
Flash web game for our experiment. We focus on the player's curve of fun during the
game. Research hypothesis is discussed in three aspects with player's subjective feeling:
(1) Number of turning on the fun curve, (2) Total fun value, (3) Level of flow
experience.

The results show that all three aspects have significant positive correlation with
players subjective feeling. The highest related item is the number of turning on the fun
curve (r=0.447**), followed by the sum of the total fun value (r=0.325%*), and level of
flow experience (r=0.314%). The results show that the player's subjective feeling is
related to the rhythm of challenge.

Keywords : Valence-Arousal, Flow Theory, Player's Physiological Signals
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Flow 22 chp g R ENEEfr L PR - Ay @ » 4 kdxd
4 #- Flow Theory # { i# » chiF 3t » ¥ 2 B ch g * & L A8 > bldr
CEDBBEFE S KTEY 2 RCBREER
#¢_Csikszentmihaly #7#& &) evs S fcq] 20 v g8 PR B 20 i & § ¢
@2 E ok (Anxiety)[4] o &b — 2 s 248 & 1936 & p Eip Rl koo A
e PR EL IR LR ERBAHE SR EN L ZHAFAR @
e BWPR S 5P R Il EFr(Boredom) ot A S G F oA R I Rl SR
A &Y Ao B R (Anxiety/ Boredom) & A o I 7 F &SN 4 i (Apathy)

% B oA Bl I pS m2 e (lmmersion) 3 YRE P oo
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Y
—
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{ - # Jenova Chen 4 % ! Flow zone s7pr 4 [1] > R EH 3 & i 7%
AP 8 TP ﬁ?ﬁ{ﬁ@f—ﬁfﬁ;ﬁ S U Sl LE U A PR < 7 AT

RS ST BRI B g~ AT Y ki A Flow Zone ® 2 ¢ - % &7ih
A PRPE > A on BFRNP ARG F ok P DT o
Flow sh& 2 22 $+ ¥ (Challenge )frdtic (Skill) B edp 5 T 75 {2+ b 7% >
T i PR S AE L A P B B R #af@wéit % Flow Theory
1T 4 o Jenova Chen 32 2 ¥55% W&;L)@;zﬁ He WIS E

2. BAFITRREREER S I R o
FAREHL > R FDIRPE AE RS SR
4. 775 d P R E R R P T
TEY G d AR R AR gk KR R T R B

st b (3 A Al d B RVEAR Y 0 TR RIEd SR T B N E b
RS N R %7\%&? PR S F WU s R e - B < IS -3 i
HEriag 4 Flow zone[l]o A m &8 A8 d WY 532 o o717 Flehw 37
FoERGAMBELORE > NV RRSRICRE G AR RPROTE T

CHALLENGE
r |

FLOW

# ABILITIES

Bl 7 iR
AL KR 1 [1]
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Xm B AR adE B Uh - [ EROFE TR > BT IR e RN B
s j e A L Al divideo game SRR K K T U g DIPR A £

ik > N E R AW RIEEFRT S > HEFME & Flow zone R
R D SRR R B SRR B ARG AR

PRAONIT LEF EE G GlAoh G- B F S TRBY A X
2EOREHNARL 0 oh SEPR S RLNTPEZTERRE L S FE 0 AN

W PR R K p > f #eng2[12] -

E

Challenge

B 8 Ha%

J&— 2 2D ehvideo game b4 ¥ E Super Mario ° ééﬁﬁﬁé&%‘ﬁ‘ d g ih
NI~ R R A D AR F - Pt 7| o Nathan Sorenson 4+ Philippe
Pasquier 41 * Genetic Algorithm #3 B
FAA PSR AP TP b T
Fo b e T R BOR B R R P R R

B LY CUB R A PR A PR

ELR M R }Tﬁi’iﬂ#'fﬁ’% s BT
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SHET R EPRnEE e[13] -

Gillian Smith & 4+ 2009 # &= g4 > w & 5 AH DT A2 BF 0@
BRLFVRE FORLIEEAM AL PR FAE LR 2 5T Y
WL RS HPREEER L F o e[14]

FIRFI R BHRE > B TR AT LT R T B E B P E IR R
CUCITRY I QTP - & AR TS Pt

BV E RS AT 5 0 RN E T hT Rl (Tl o F1 G FBEAR
e BE B 48 o Falstein ¥ A 17 35 en B4R = £ 3R> 1 7 18 245 (Physical
fun) ~ 42 #48(Social fun) ~ « F#4&(Mental fun) > i 7 PG¥5E € F pFiR
*HP A = fE[15] o AR BB BT RE Rk 2R B R
FH BB R > B4oT BL.Schell #1#% 11— B4F e ARd AE[16] -

F 1

B o]

B 9 - B4Fnsdsy 5 E
FoH KR [16]

HAB AR R

A R T - T AR > b A B AE R p YA~ A el ¥

B B4 BRI BE - &8 - BRINZERFRINEE > bl
LBYEENR AT LT B - LT R B R T o

C~E B Brifis » Bap# T ko dok B AL SEH R B 2AEE
#A2 > EF G C~E 8o

D-F B e - e T D E g

G Bofs i G BAB g g B o

H SAE Y K HEBE TR -
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A
REL- PEEEPE B ETH GO A G ENE GRS S
4ARE  ARELEY ’;ﬁd:»;ﬂ’xﬁ,@fmd AR R A SIS AT

W IEEFEEY > FRIGACARTIE S B F S FIREHN SRR R
2 EBOC I R BAeRIFE o
oA g Rl 2 s L ey Csikszentmihalyi #7 i€ * enig B 4 k2
ESM(Experience Sampling Method) > ESM =i%;2 & % & X E ¥ - Ber e Bioh’ %
iF’%ﬁﬂﬁgﬁﬁi*ﬁgﬁ%’PQ%@%E#%Ewoaipiﬁ%@
BRI RO B SN RAE S R GRS R TR L e 2
59 EMS 17 2% @ 0 P %Rt 38 ot EMS 2 m 2R R AR % o
fbogame FH LY VR F IR TR EER A F LR D 26
SRR R T UG - ARGRAT F ARG o HONSRE A~ bR g
FAATER SR E AN RF R DTE > AFF S0 G R EE R
¥ 1141 * Valence-Arousal & &8 k4534 - &/ A R B £ - 48 2D ef-i% £ p

BRAFHER S G330 RN BRZ(S4cPAD) > X R A% 22D E
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stress high arousal excitement
p—
=
£ unpleasant pleasant
o feelings feelings
i
depression sleepiness relaxation
valence

B 10 Valence-Arousal model
AL kR [1T]

EEEGE Y 0 RPN B R £ - IR R
H R A R R EPRAL R TR o g
VR T i LR L SRR SR s TR

=

4L FE AN ERE PRI IR Bl e T 0 - SRR A T

Y Anxiety
Eh A4 Flow channel
a0 (negative excited) .~ "
1 |k -
= -7 -’
e - Engagement .
o L -
2 ‘fz g (postive excited) -
E - - .'?l E - - ’
2= P _.7" Boredom
% - “ .'Ilh - - -
g ¢ J. - (negative calm)
[F] i
50 ' -~
E -
= -
U - >

Competence of the player

— Change in player’s competence
- Change in game’s difficulty

DRV I
A kR [18]

Rk ik ¢ & Anxiety (49 % >t i 4 )  Engagement (¥ 2

&
Ev3
F_&
G
i
L
b
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i 4 @ fe) ~ Boredom(it # B W) F ke BT I FRIORETNEZ A
ARG ek A 1t 0 T ELHETIR Rt R B E & b B o $pt
Valence-Arousal eh= B4F v M 2 dFabn] > T A I = ok g

Valence-Arousal A& ¥ djp¥ti= % o

% 4 < Valence-Arousal model B %

Emotional states

Game level Arousal Valence
Easy-Boredom Low Low
Medium-Engagement High High
Hard-Anxiety High Neg.

F o dm (18]
T WL Valencé Arousal & SAGEA M fh 7 15 AYER G P S

i 32 fih Valence (M fe )R Fins Bl Gk 21w iiaLimtp 0 & 0« LG 3
BEPHAR Y i oI p T L E D EAE A Arousal e EL & LR % BN
FIER G F o Arousal s B4 FEEF A LGS G P 1 RRIESTE T S R E

E ez fak T e s 5LA A B2 18]

w
L

L

{1

e

L

Levels of valence or arousal
1
——
—

=
L

T
L

eoa":"\; ‘“ed'\\)(“ “oa‘é ea%\* 66'\\)(“ “3(6
. AN . J

Valence Arousal

B 12 &+ #E& ¥ Valence ~ Arousal B i
TR KR [19]
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1235 Rigas % 4 *TReF g » A ALt A e Bha ]2
TEMELRERS o 2 MBI RIL o ek B o 3 B HCER o4 A o JIF R B o
TR RS ETEE s RECEEERT A B 5 0.480.68~0.69 0 d 47 o
HH R s st > 37 03 50~70%07 13 2 [20] -

- 7 d Chang Yun % A §1* StressCAM #7 i 7 > StressCAM e 32 -2 4|
P RBLPN L R E A B R A RBER > A SRR T ARG A

PPN = sE B LRRINLY =iyl § A B ehind Sl L 2T 28 e S e H-I AT B s F Ok

& video game sk i Eb i H & Wit > B BT Y AEE O o F
TEETUFR ARFANRMAEBE A AL LAY 8 A

A TSP F R A PR AT EARS SR T Sk REAREAT U
Reefe 2o ol B [21] o d Gk 3R BT BLEF L IR e e 0 11T
- - iR EfEA A,
(D& T #pl
FAA TGN IRB AR F LG R E R hB R B A L A hD
B s AR AR S 0 B R wm%ﬂﬂfkﬁ(RWmT%) 2R F5
FHASET AR TR R M) FRAEE o S LR LR
ARl FIHEATF BGSHXET WRIEA K L6 F LMOTR > F5 2
ek L R TR FRE SRS 2 - R A A PRI AR
i ARG Y AL A KA TIRAR o BT AR LG TR D

- Jﬁg_ﬂ—fnjgg o F A Q_g.nfp;@agfﬁ(ﬂl Wor g 4 it ) TFE ok
BACTH (Fiif)) FREFL LTI AR S% A LG

RRF - 7 fihd ipih o & 1 0BT did L i
(2)dp &

BAEERDRF]G - 0 - AERH A K Ao PRAA  BEFRDFE
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# (P A SR RO A S S - 2 B2 &) dg iR N [22] - ¥
o dg iR R AR ph e TBR S T SRR 0 19 Rk R AR D Rk
BB e sl R RO P BRI IR g R ETIRA LA (R
EAERN ) g dhffa g PRI RERBETE V- 25 2R
PERARE o Tk B ATRE > PSR GRS o RS FAT £ o

5 I\EL E23

%5 4

BRECEHE

BEAECE) | M 26°C | 26-27°C | 29-32°C 32-35°C | ®*35°C
SE BASE | uiYE |ACE) |EARE | FARE
S kR ¢ (23]

S AR 60 1100 T(EAM)  F RBREF AP ARH LR
St g e s R Bl e B IR o RILEAN EEE o opel
i F AR kA R B B A R N e A T s R o Bk R
T ) AR
(4)r ¥
RS (R & & R o it BT 4

06 A SEeEsoaE

i % LR VA ]

374 % 14 ERRET > g ER
2 40-60 G T I
EE 20-30

T 16-25

& 4 12-20

XA BIFIE S pEE A grFen | 35-45

6 g kg 60-70

TR dm  [24]
(yep E 8 T = (BMG)
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AREE K A BMG ) 100V 0 F BT P AR ST A B R S RO

ik fow gl o dgd R ENG e ] TR o A HIET R B Ak i

27T Amgaeg
AR TR B
20 Frg(uV) #p 5 (Hz)
= B (ECG) 100~10000 0.01~250
v I (ENG) 10~10000 20~1000
% F(EOG) 10~10000 0~100
#a (EEG) 1~100 0~150

T kR [33]
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2.3 2 B R

2.3. 1 = F

SHFRBEFRY G2 TR BURAL L 2P RAF L

<)

Mﬁﬁﬁﬁﬁﬁ’@ﬁ¥iwﬁ&%ﬂﬁﬁi%$%’$ § i R RIE T
o BTREL BLG] A HREBORBFHRT D P FILAHTRPT LG

WEH TR DRI AT D RE S o 2 RAFE R A o RLED
B AR N Y o TG R fehe R e § i ke fhARE R e g
@@ﬁﬂ@ﬁﬁ%ﬂﬁgJmf4ﬁaﬁ%wag$§m?ﬁﬁﬁﬁo

MEF L REEEEIRE (kB ¥ ffi 49 352 Photo-Plethysmograph -
PPG) » PPGern& il ¥ 1 jidp & & Bl dd » 500 > A2 » AT HR L LR -
AR RE A S R F BN (LM MR R FRP S e

Y

Eood ¥ g A RE A )T = Ja o F Y (F Sl foda e b A F R
Pole— ) [25] c AT FERF BN HR Fi\‘*’kml%%ﬁil v R 3 BEITH A G X & o

¥ rE—— —

Elector  SourCe

Detector

(a) Reflectance type (b) Transmission type
PPG sensor heads

B 13 & 55 (a)2r 5 555 (b)PPG
FoH KR [25]
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light /

Incident Light I,

Transmitted

Pulsating arterial blood

Nonpulsating arterial blood
Yenous blood

q

One cardiac /
cycle

Other tissue

FH kR [26]
1345 Webster &8 ¥ i¥ I Design of Pulse Oximeters 45 #1[26] » izt

%7 e i®* ehp — e s (Other; tissue) » ##% i i% (Venous blood) ~ # 7% & i1
w7 B 2w & (Nonpulsating arterial blood) & Flpt &% i % i & cyd §°
(Pulsating arterial -blood) € & = st (7 % 14 > J& = B el & B IR+ (8

Plof e > 2 F e g T BY dmax - d min SA(FREF L) o

Photo-
LED detector

Light | !
intensity / ; Fmin |
|
|
|
|

>

X

W 15 PPG %1 f] % 3
FoH diR  [26]
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Marking area
.o-"f-'-’
-

Top view

B 16 PPG e& )
2.3. 24 B (RHFER)

THRAYing He¥ A BEHHR G A ERNANERERLGFR > 2 p A B G

(1)_\1_ Fﬁ" VAR (2)-\1—/?( - 1§ ° (3>“{iﬂ /.w_}i/’a\ i [27]

20 0%
240 - 05
192 1‘._._ 035
145 - 00
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49 . 070

w17 i;}%‘;ﬁ@&fﬁ
THRXR A127]

d ¥ Ao i%‘?lﬁ“’f%‘u/g_&"k’Z\\i WEDLZEH 0.3 RUp \TL‘C'E—’FJ:L#F:I%
BT L R el A MR A g T AR A R R
=
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*i%&ﬂfﬁmiﬁixfﬁ R R R T e £ AR R B F B AR L h
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THRRE RS CERGRETIRRFRE FF I AT AT
et PV AMRE o EN P F R AP T HRAENE R DERRL P E( A

BLE) b 0 A gy I“’L‘J'QL%__LEZ R R f%:ﬁ?-}.%\iﬁ’*?g'ifﬁ?f’
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2.4 A 84 W

A PRIV oI gt b A §

=N
I‘a

A

51 42 %

2%

\»{v
Y
~m

foR Wit > e ¥ A2 RG> A v MR LA EEERRE - F Lehd p 5

rEREAEFE T Agade ol A P B R A A F A A
LA el B A Y SRR G RRA L& 0 Tt S 5 e 0
PALEG T k0 A A MALE B AN O AT G i
TEAEAF LB RCE [zard 2t 1971 & @ S Ar R AR D8 AR %
¥ 88 R4 Fr R AT i g R
% 8 FACREL RS

A d > F LG RE - LY

E i | HE 4R [ Re | R
A ﬁ'{
T b 89 62 158 41 67 36 50 60

Eos
11_
e
B

p A

B AB — e 84.571 79.2 | 82:0 | 83.0° f 77.5 | 77.2 | 66.0 | T1.2

o e — e 96.8 96,24 982179667 94.5 | 97.0 | 93.5 | 93.8

B o B 90.5 | 81. 047895 {"81.0 | 84.2 | 85.5 | 80.2 | 79.2

Flo—H F 74.0 | 74.5 | 67.2 | 71.5 | 70.5 | 70.0 | 54.5 | 66.8

RE—#ER 83.2 | 84.5 | 73.0 | 83.0 | 78.5 | 78.2 | 87.5 | 55.8

2§ —nk 89.2 | 81.5 | 83.2 | 82.2 | 91.5 | 91.8 | 80.0 | 56.8

%M — % B 73.2 | 99.5 | 71.8 | 76.2 | 77.2 | 70.0 | 70.0 | 41.2

Tlo—T 76.0 | 67.0 | 84.0 | 88.8 | 83.5 | 67.5 | 67.8 | 98.2

= 83.4 | 77.9 | 80.6 | 83.4 | 82.2 | 79.6 | 75.1 | 65.4

TR [36]
dOtF ArG IRA ST I iR 0 BT RIR U D -
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R B N

1= &

AT AT HCE @ P TR ndc/ AR 0 e £ UG R 2R kLR IR iy
BYREAZ o Arousal & R E 4 ek ARAR & 0 Valence ® A chE_p AR o T Y A
7 Valence @ enif H4E* 20 emv W(% S A ) %04 MG R g
g 5 RAPSBR L o 20 de % Valence 2% 384 HF4 & RADM » 57 o 1§30
A2 ;@ Arousal Eenfpl GRlCErE R TIEE o BY S T @A
prA% - Arousal B4 AXF o

v ob o R Kaiser #idy 4o hIRRIR RS B ALY § 7 I R AT 00
B blie SR 0 &RRRAAZ8IC B o RN ARG 1R A

BN L

B 18 Arousal % Valence #p B 30 55 (8 B
TR KR [17]

AOTIS L AR GUELY S0 § SR TSR AR $ AT - T
YR PR F R EFE E ST AR bldodk (£ 2 L7 AT RIR
IR R P ETREEN R R FCIdE (T E T AR § XA 0 ST AT ATER Y R
PHEV LB R Bl F o

AR R R BRI R (R RIF )L g R T o A R RIER R
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Bl 19 usiiEe~if &
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FO e pr SR TRk A = pend §o 3= jend - (Valence)
A X ek o e bR Sl s 0 B2 K28 2 Fun-Time & AR B 0 £ gk
B e[ EE AR AR M St A AL AT T HN s 4 .

ik > 2 Efrs AP RfcRFEZ R @A h TR T LF E b
$o 4 Mo 12k i B Valence-Arousal A e B [17] o 1 * ot € £ 7 0 d-- faen

B AR - BB SRR E4eT 4 0 RSN Y AR AT .
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NEXCE. P R C TNy S Y YT

3.2 R %Az

3.2.1 R =&H¥

LTWAN AT R R PR A A AR > TR RS
CE N
FAIRB AT
Oz & :20~26 °C
OF % @ G2 AFCF DR R F iv #P- ey iz
OFFRmzFEEky +3f
Ok : aiFfF ¥ 2R
Pogfokig i
OF i F AP M A § BP0 5
OF # =ikt A sk A -

3.2.2 TR A K AP

290 E R P

eI B F S B
e PC ik Ak
EAELE &/
ik PC (34500 ) >
fE4r & 10 45)
* PC-Camt 4 1 &) %7
I fs st
# 3t Fun-Time ¢
T REAE p T = RIE B (0~100)

ME (8 et
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3.2.3 Valence-Arousal space # *

Arousal 3% 3 0~5 % > 3#R 3 F Lo e 5

B Famo NgeT

{

EREE K -JUS - Y

max(SHR) = (220 — & #) X 60%
min(S7R) = T # pF e e

Sf,’lR—min(SHR)

STI;ILR = max(SHR)—min(SHR)[zg]
# 10 Arousal & & 2%t
Arousal & 5 4 3 2 | 0
SHR >0.84 | 0.67~0.83]0,51~0.66| 0.34~0.5 |0.17~0.33| <0.16

i

?fa&ﬂ*i’f FARE R R A AR

Fa kR 2 [30]

Valence #p mihﬁl R MEF UIRFGE TR A 2 o Valence B4 5 0~5 &

MR K R PR e T LT BRI R A o A A 4T

% 11 Valence ¥ & X| %7
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(Dfcds Cam &7 32 o fads oo g2 3 8 ;80 AP A2.5¢ -
(2)% 1% 0 F)j 3= fenlffe & ~ 4 Bipih 2 B0 A RN T iesrz o

#1g 1
DI &R hF & > T3 ?’\fﬁrfkmﬁ*{ﬁ&“% 0~100 ~ -
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Shoot the ian or the power switch to disahie
the strong wind currents!
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(2)¥5p% & & R 1T ¢ FEBLF Sl LAET 5 B0 Bap) Sl o R R BUERAT
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3.3 TR ASLE A4
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