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ABSTRACT

Emotional expression in Artiicial Intelligence has gained lots of attention in
recent yesrs, people applied its affective computing not only in enhancing and
realizing the interaction between computers and human, it also makes computer more
humane. In this study, emotional expressions were applied into intelligent tutoring
system, where learners’ emotional expression in learning process was observed in
order to give an appropriate feedback. Besides, the role of affective computing and its
contribution in understanding human emotional expressions showed during
human-computer interaction were discussed. Emotional intelligent not only gives high
flexibility to the interaction of tutoring system, it also to deepen its level of human
interaction.

This study uses dual-mode operation: facial expression recognition, and text
semantics as the main elements in affective computing to understand users emotional.
While text semantics relates users semantic emotional reasoning through text emotion
and emotional recognition to understand learner’s learning status, and the results
would contribute to course management agents in order to choose the most
appropriate teaching strategies and feedback to the users. Another part of the facial
expression recognition allows interactive user agents in understanding the basic
emotions of the representatives’ agents and later on provides users a complete sound
and animation feedback.

The evaluation process applied in this study are: (1)prototype evaluation: system
usability scale (SUS) questionnaire and expert heuristic evaluation of assessment
methods; (2) triangle assessment: observation, questionnaires, and interviews of the
quality and facilities of the assessment methods. Through the assessment mentioned
above, this research also discuss in: (1) whether affective computing function well
when added into the home tutoring system; (2) users satisfaction in affective tutoring
system; (3) would affective tutoring system attract users; (4) would affective tutoring
system improve user learning motivation in digital art courses. As a conclusion, the
users responded positively towards the system, satisfaction is high; and the system not

only could actually attract users, it can also improve users’ motivation in learning.
i
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.
e

p=-0N

g hE v AR o 972 1985 & Marvin Minsky #c#3k  TEET G E TR A
3o ATS ey B B cnE F L S8 00E A A Fookk B A R R g S

(Sarrafzadeh et al., 2003; Sarrafzadeh et al., 2004; Vicente, 2003) -
2-5 B i B AT

B I ATE AR o PHRAMFES K S AT BRI
o AR S HRae m (P42 > 2003) o 1T KRS B AL B RN F § i

Firie g ¥ 0 ﬂ&wﬁﬁiﬁoﬁﬁﬁxﬁﬁ%&%@ﬁﬂiri%ﬁﬁ

Bmb7 TR DL R o ) n fEGATap F AP LR GER T gt e g B
9



LR O ¥y = NV TN VT A ]

PE AR AR RS 0 KR RSN A D S A 2 B Y AR

Yo Ak st R RS S BKT i & i o (F &% 2000) -

fh (FE4evs 5 2003) 0 HEF L 5 E 2

T - o LARKT SRR nE B AT AR T SNE I A 2 B Y
B R ¢ RTINS BT ¢ R AR (2 BT L
FHS LU m @ L B R

R R R L Tt
Pog o d BT AEY TS ERCEIHAE KBRS FE ol o e b A

Fp kgt R E A Y e R ER T (T3 nanfR o

AR g B AR F AR B E NS (2005) 47 ¥ T chfic i H s K

WK B RER A B F PG B B A M ARE K 0

TETHAR N FRRR Y 4 A 2 HF Y S BRI ALAp § chEAE o

2-6 - %

LAY R SEHE SRV RGN B 5 Rk SE B S

FY GapER AR - g TR S Rk s R

lggenvio a2 R 8- SAkke BB - kg kst LE e
S I e SR I N R S e R
PEEOERTFONS BAALG T TR A A YRR i & o
rek R P AR BN i R R gl e R R R F At
RRFEVERORLEY DI L LDITS 4 » R EFE A%~ REL
2R fedT AR T M IR PR A

10



P 3 83

1. e fgrgie gzt e - ¢ 7 %5 K v; + #- e (Teaching Strategy) ~ %
A2 12 A <+ #2% (Curriculum Agent) £ 3542 7 # & (Course Database) - 3% & & ¥
AERB DS S € GO NITA > d PFAR NI A FE G RE K L
FRAL TR EPE E R HER Y Y -

2. pnIdfice & 7 B3 v a5 e (VWoice Feedback) ~ I # RIZ A I ke
(Interaction Agent) ~ # & 32 £ w 4 3+ # % (Animated Agent Feedback) - % %
Braypsme s ¢ BLITHAEA > d IHARAERFE I g w

LR —fg °

ER L
TR SRR R VR GRS
Lo ad Ak {03 5 A# GV HIER T mitad A R RF RS &

DEASM (Detected Emotion based on Active Shape Model)if = % chp 75
DEASM #_12 njustyw (2010) % 2 =21 E Active Shape Model Library

(ASMLibrary 5.0) SDK & £ # > e Ammar (2010)#% e B2 % & @ = o

DEASM ¢ webcam B~ {7 T p& 2 i F 2 {5 > =& — B frame 152 & 25k ¥4 eh
TR R BERE TR R AR 0 Bl B R IV R IRRT Y SR

F KR e A BT S S B I A R T
2. UAEH S AHATEL S YR ESEE Y OMCSNet it 5 38 &3k cnF 42

B BAEHE - B SIOHG HGNRY FFYREE &Y 56
11



LOp B R DB (T B R Y R AL o gL A MT L A AR NI A E

e

2 s> o2p N 3\ ‘g 41 -
ERCAUAEN N 2

Massachusetts Institute of

Technology (MIT)Media Lab F % 7 OMCSNet (Open Mind Common Sense

corpus, a semantic Network, 2003) % A # el L @478 B N enZ L 8 ¥ #

fiy 1 2 OMCSNetKai & = & 24 9 ch1 170 & & keeh2e 5 Bl4o @] 3-1 477

OMCSNetKai

e s

Curriculum Agent

1!

Teaching Module

Course
Database

Teaching
Strategy

3-2

Interaction Agent

1 1

Feedback Module

Anigated
Agent
Feedback

Voice
Feedback

?] 3-1 ,;“. ,ﬁfuiﬁ f#g}

3Z R, 42% 31 & (OMCSNetKai)

Emotion &
Learning State
Recognition
mechanism

Course and
Interactive
mechanism

PIELE VR BIH T AR A RIS A AR TR

SERICIEN T

OMCSNet » 5 #»tp 3 Al 2 382 A f7ehi Jn '

computational intelligence z_ # = ~ &4~ Markov chain, Support Vector Machine,

Neural Network % = ;¢ ~ &d L {7205 k4 4f testcase i (748 % o Ath 2 1

P SRS BT B BRI S

12
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e e AT AL Y HN a7 5V -OMCSNet ehA £z & T link K- 4 o
L p & foconcept 2 A B FE OB T o R A AT ¢ 7 EF link fASE A HE o AP

FensApRs Blinkil i 2 8- L& o

P A AR MAEF TR B Y REBR LA e E R b

oo B YR R % R {%ﬁ“ﬁ 7 I concept z f¥ ~ & Ontology graph & ¥ “pEd( T
# % — 1% nodetraverse ¥| ¥ ¢t — & node #7F 2. fEH ~ Tk ¢ ik ke link £
s T A concept 2 FF e Bop B | ~ 4o % -3 ¢ 0— 1B concept 3%k i £ Yk
i =7 Disappointment ~ Puzzlement ~ Confusion ~ Frustration ~ Anxiety ~ Awesome ~

Satisfaction ~ Curiosity ~ Hopefulness ~ Calm % 5 ¥ ;& i e732 ~ )*I.%'a mBE D E R
concept Ap ¥+t 7 I & 3k Ak node 2 BEAE | ~ FRAE-TE AL L T X B concept ¥3%
ARFVREDMBRR ) Aok S - oS g ¢ 2IROR T R

o PRRAIE S WTALE AP AL R Y RGP G

NP taker

Corpus :> CMU Link :> NLP

Parser
Il

Ontology <:| Learning State
Database Keywords

] 3-2 Ontology-based & NLP /&2 ji~ 42 [
3-2-1 # %8 3 (Ontology)

4835 (Ontology) ¢ i — i é:{a;g‘h(Node)ﬁ%c»{— BB s o ARFR T AT
je R Ak - i e & (general concept) - AT E S DR FeA AR PP
(specific concept ) > @ & 2L27 & 8L2_ R g .%)T&{Fﬁé Teriag 3 (relation) 0 &k 27 K
2 [ b f,’fﬁ&—i’; fAu-kap b o Rkt > § Loy is-afrhas-abd % o

13



BEEA AN G NPT LR - A o B B B TR A 0 A - 3
ﬁfméf? °F e imﬁf#%ﬁfi&ﬂ,ﬁ TAEH o AT Y 0 Emotion 1
Bo— ALt d o 4oBI3-83 B AR A T B AFEREL 0 (Lp R

A g BT PR AT s 4 Fear 5 F1 AT Fear e o &1 Avoid |

EMOTION

4 AN
. ///'/ TARNON
I a/// / \

Yo
/4

\ \\ isa
\ S @
p / \ M
A // / \ \ \\
Desire / // "\‘ N

o / Joy Disgust An"el
roach= / Surprise "; [Fear| °.. 0ints to
Interest | p s - points to p

|
y | Sedl ~
pointsto | 1 Sadness\\ 3 Remoxe
¢ \

/ v 1 Reject
Attend  Free Interrupt
Activate

i8] 3-3 Ontology

A hE [ PREDNEIE T BRPEY R EHR AT p ROE

W

A

R 5 R Fedr 2 R o raE 2 - R+ E g ehOntology TR B &% & oo
M oAFT R frER r cng_2004 & MIT media lab #7 % i¥ 77 OMCSNet» #7% 28 § 4

Concept ~ 2 CH+F i~ 25 & cndfash F B o

3-2-2 p RF3 A

APEEE R NETEE > P F Y B AT R NN BT £ T
o0 TR S At TA 2% hlét s ﬁ&ﬁ%’%@’v%&j}ug’ﬁébﬁiﬁwﬂi

Fd - TP E o AP E g LY Emotion Informatic i i £ & gt o

BABFNUEF B 20 REEB gy S o A3l ~ Carnegie

14



Mellon University =7 link parser( 3 & Abiword B 2 B 5 s:E ) 4* parser d %
Fioo 3 BRHOIEA B G RN E L o3 LA RT3
A BN R RN PR AR BN R P gl it
fFaEm o bldort T @3 1] saw a saw saw a saw. § i ! 5 [S [NP I NP] [VP saw

[SBAR [S [NP a saw NP] [P saw [NP a saw NP] VP] S] SBAR] VP] S]

EEIRES

AR TR RS 4 osentence ¢ A BAR c H- 3 NP el 2

(-mb

ZSaW R EEenVP» & 2N TR+ o E % o d - BoF it Ed TR
W s ff_%‘_.\&ﬂ/%i 11 B oS Fpt A e ,r/.;j)ig—fqﬁ:é?}% P3RS TR
¢ emotion informatic 2_ ¢ & > -7 U FE L EAEOFHE TN o :g)\;uzg?] PN
fE o~ d oargy LA o i B2~ 4 LAsds ~ B3 on B token :

Algorithm:

For each token from argv[1] to argv[n]

On [*: push *into symbolStack, push an empty string into tokenStack.

On *]:push symbolStack.top() into “digestedSymbol,”’push tokenStack.top()
Into “digestedToken.”
On *:Append currentString in tokenStack.top()

RO E P REOR A 3R R R T AT f token | AR hit 4 Ble
My senior classmates &  £_{ 47 #2.50 &5+ & 3] & 4= Who killed my parents i
oo Tt E B 310 %2 token AT i

Algorithm: Nptaker

Input:argv s-rchar *£ 71, i 5 NP i ;P04 4> index. depthCounter i % p # eri3 &
stack /& > — L 5 0 g~ & G antoken w Bl — BFEA (T F A ~ 2 token
e - BIFA) LR Qwﬁ%] » g e Eimd LINK parser #7aJdR % = 2

tokens~ @ Z[[JA & FFE A 2 4ek » & 0307 53 AFREF o i R G -

For( ; depthCounter 1= 0 ; i++){
.+ i@ 8] & depthCounter g# Z /&( w5/ argv[i| % 7 )B4 &

currentString = Gargvli];
if( currentString doesn’t has neither’[‘ or ‘|’ )

15



returningNP += currentString;

}
else if( currentString[0] == ‘[’ ) //if the token start with ‘[*

depthCounter++;
else
depthCounter--;

Voo LG e AR S AP gl F el S E T i 4 o
Bolmz  TAZIApR@ g T /mBLM ) v mds TaApRe 3
TRBR ) o RaERY A ;Pafiﬂ?ﬁ?;’n TR F IR Tl p
@k e N R A SATE N P i T oy T T TR K
FoRBAgy hE R F AR BEE L TAG ) TRRT VBN dopt
- KT N LR R T F R gD -

SRR e Bt 0 @ dE e F R AR R SV AR M T 4F Bic token gl v &

SEE RS G BT KRR Y R L s
Algorithm:
SUMEl 2 T B % %.3* < emotion informatic > & - 38 ~ 4= sUmEI[0] * % Awesome -

SUmEI[1] ¥ # Satisfied % % -currentEl 37 p % 3 & #73 & enEmotion Informatic |

While( currentsSS = SubSentence.pop() ) // #-% i& 7 + #7 it X &i®

{
Eicap = MAX(SumElI[i]) //iF#& L F ¥ & <% E
If( currentSS.negated )
for each sumElI[i]:

{

sumEl[i] = CEIL( Eicap ) — sumEI[i];
sumEl[i] += currentEI[i];

16



323 FARBEREREFL B

$E AN G G LA B e A R R Y K e B

G R A A SRR RN G PR B R

s

BAgE o T sdrentiA 5/ Y REL 1000 2 L@BF Y ki &3 1000
ok 7.3 % 4rT £ 3-1-Awe it £ awesome- Sat & £ satisfaction- Cur i~ % curiosity -
Dis i % disappointment > Puz i % puzzlement - Con % confusion > Fru i 2

frustration - Anx % anxiety > Cal % Calm > Hop # # Hopfulness -

Z‘ 31 :&?33 hﬁﬁf;

srER%

80

70

1 i F
60

50

40

N

30

20

10

0

Awe | Sat | Cur | Dis | Puz | Con | Fru | Anx | Cal | Hop | Avg
|u>‘ﬁﬁﬁﬁ$% 62.3 | 64.5 | 56.5 | 75.5 | 66.3 | 54.2 | 68.7 | 65.7 | 78.3 | 67.8 |65.98

BEARE AR F R R A PREFINLIFL? LR R Ra P
oo oiadnhiBr g a e o AP WordNet (F{ B iLadgx - iF
{ # % ehiesh o WordNet 4 Princeton University siaas#1 £ % % % George
Armitage Miller 3t#dp ¥ & = {r 3k - WordNet m«fi‘]‘i’_:ijb U N3 P
izl - G- BRGEF ARG B E > WordNet #-5 - BEF 4pk & & T if

BALGE - T osynset(fe &8 £) o & WordNet # > L3~ #3 ~ A5F 0~ foalie
17



LRAAERA - BRAFORRE A BREAFEENSL - BRAASTFLME
FI* BB M LR YR G itk gh(awesome) ~ % R, (satisfaction) ~ 4+ &
(curiosity) ~ % * (disappointment) ~ %] & (puzzlement) ~ ;& ;¥ (confusion) ~ #: 47
(frustration) ~ £ Jg (anxiety) ~ = #%(calm) ~ % @ (hopefulness)i% i WordNet #-%, &

[P

FiTe e dE Dk o 1t dedl D awesome V3 F T 4p B 40 2 5 amazing
awe-inspiring ~ awful ~ awing & & > &7 k£ * OMCSNetKai 4&34 51 §ﬁé€§i§] »
2 BBl GARR o

T TREFELEGBY FL D2 EF - REEEAPLY mfj‘w‘r’JE
WL R PR R R BT ESEFRARIF TR S0 AR
RAGERY FenF YR B o]k 0 B awesome ik deniE i 232

awesome & ¥k idamEr S 5 62.3% > @ frustration fa JeniE 5 2.23

=1

frustration - fide s Err 5 3 68.7% > #7140 ¥ 11 (B 4 > awesome HE FHE G
2.32*%0.623 = 1.44536 > @ frustration e9E 7 %3 2.23*0.687 = 1.53201 > &2k - B
deeniE % §_awesome iE it g o AR X HiHBERSI PR HEIFHF A
frustration ke > d T IE L AHIFHEFI LT >N L F DR JF'{ L
A AER o R RE RS H R R Y F Ak o
ERMENTEA~E T ViR R RE S vk R Fenp AR EEFE TR LR
My - BE R A AP AT - BRE S EhA > A LKL EE
AR L ERAK RS B % %% B 3-4; & OMCSNetKai 4631 & ¢ >
o f‘gﬁiﬂz\ GE SR RE D RJILEA, T - B B4 (concept) 0 oo
F(31):
S = Uiz Gi(3-1)

S ki %ﬁg-],\ gE e 0 GiN & - B— Bepprd (concept) o F — BPEA BB
WordNet ehf % 3 2312, F A eSE; » #4 - BE & (set) » MCHEA 5 bl

%4 258(3-2)% B 34

18



SE; = C; + U}Z0 SYN;(3-2)
HoYSE, R4 mC 3 A AE » SYNA & d WordNet B 55 i &
(Synonym) » Fr £ 24T K #BSE;P & - &¢ gk - BA # % OMCSNetKai
HE-BEYRLEEEN 2 FMBARR dah EF AL DI HE 3 F L
EH BB S EE Y R A ALY o B A PA RGBS Y-
YA m BHLA Eﬁ,%#@téﬁéﬁﬁv‘ FoRMA F BMAIL AMANHG DT 8
IB¥eg Fprenbd Az & Ba®r £ B L T ek B o

AR ERLERER D E R - RAT AR VU AT S
BRL ek A2 58 R ERAREFTVRLERLE- BfER 20 T g
it i) 3 oawesome 48w chiE 5 2.32> B ar S 62.3%> frustration 453 B 5 2.23 >
Rred 68.7% @ ¢ * 4 - frustration — & > A awesome & {8 chig v @ 4*

2.32*0.623 = 1.44536 > @ frustration & % B 5 2.23*(1+0.687 ) = 3.76201 -

19



User
\ 4

Sentence

- T
WordNet > @ @

\

|

©

SYN,
[ SE4 ]K
v v 2
Learning Learning Learning
State State State
A 4
Result

Bl 3-4 35 L 43 i AL

3-3 ¥ R A AT A #3754k #07| (Detected Emotion based on

Active Shape Model;DEASM)

d 3R BAPT FRARKRECE R RE fJF T ARk Y
FARR 0 B B ORI KR RIE - R A G ORlifo T RS o7 frdvrnk - 27
> @ Cootes ¥ A 4% 1 cha & 4505 #5°7] (Active Shape Model; ASM) = i B it
mEANPE Ko BRI FERE AP LI R g2 Bl hqod
Mohamed Ben Ammar % A 3 e ¥ a2 w5248 & > BB I A # a5k
) e 4 7548 4] ( Detected Emotion based on Active Shape Model ; DEASM ) »

AR R IR F TR Y SRS

20



3-3-1 & & a5k #-3] (Active Shape Model ;ASM)

3B R R (ASM)E - FEA ST HOR BT e iht F o 3 A 6 AR 0T
- e T B R L KA T AP RER R R 0t Kass & A ATde A ih
Snake = = » i & # Beiicd] (Active Contour Model; ACM)$e5 & chsllfs » &
A5 AP R4 % ¢ i/,%g,“,f##fiﬁ ViR R e iR T ke e
W E - g 482K ehgk A & 03] (Point Distribution Model; PDM) » @ 2
AT AR PTRE ARG PR R Ko e § 7 PR T 9k {0

AR gl B35 AR MR E Y B9~ EE o 6 BT 0 68 Bk -

B 3-5 "k A 7 8Lt 7 B
M RAER - A AR PR AR

F-h3:
PIRFHE AR W % * IMM Face Database> ¢ Danmark #4 4 « & Michael M.
Nordstrom % « 4 & > IMM Face Database #£5 = * # 2 o X w34 > 5 § |2

A EBASE] S RIRERELAER DB YA (o) R 240 E AT

21



EEE T IR B TR * Tim Cootes # & g 384 fghik- 2 & @
am_tools > am_toos 7 IMM Face Database & — 5& 4 % 8] & i¥ 68 B £ fcghi& 2>

G PR R T o AT PR ROR R AR 37 0 B i R
- SR A GRS BE TR 5 pts A R (B 3-6) 0 pts An R N F ik PRAR BT A

L&Eﬁ»o

'[2] 107_0764 pts - WordPad [e——
version: 1 -~
n_points: 68

{

249.599 153,934 246,122 205,482 249,53 255,293 255,88 310,967
274.546 353.816 296,05 386,909 325,603 410.212 373.341 423403
421.079 417,749 453,742 395,765 476.355 363.102 493,315 327.926
505,016 275.566 515,482 222,64 519.696 180,315 505,877 157.074
476,355 127,552 442,436 120,643 420214 122,002 441,18 141,999
472,586 146,396 272.84 140.115 303,619 112,477 354,075 110,684
374.698 131,319 338,739 125493 306131 129436 300,812 153.8
324.975 140,743 355754 157,702 324,975 165.24 324,975 151 .421
482,636 174.034 460,024 155,818 430,501 167.124 455627 180315
456,883 166496 373.67 159452 363.011 206475 349.193 241 916
352,788 259.676 388.587 265,522 421.17 262.591 426,46 244,834
416,333 206.54 412.189 160.575 369.806 251.861 402,349 253,842
324.524 317,989 351.357 308.454 370,201 304,686 385.276 307.826
396.582 306,57 415,426 310,957 430,975 323.931 417.808 335.877
399791 344.17 382,522 344,826 359237 341.592 342,62 330,207
35576 321.15 384,132 326.125 404,766 325,389 405,04 320.9
384.347 319.55 355,961 317.865384.186 323,087 34,303 235.871

}

MT|EREE  EEFL

m

B 3-6 3 & T

B 3-7 g {14 A B AR TR
22



AP i d N EER S B R A AR EY R AHAFE ST ME - %
X BB T - B AR T o
S
BRFAHAE LY E 28 BRIVRFEATEEL LT E Mo TR A PR
¢1IMM Face Database # & > % - %1 T 20 % X % - BX;35F 68 B 28X,
) G T ' Xpao » I PTRBEA B & 7 A i =

X=X + P;b(3-3)
X5 $8A0ke § ol 303 4k » BAL &4 e B+ h®Hed > b
2 Uk VT R St
CERE
Wil- BAR T ol BAFS RS P Rk Ak auEfey ¢ 7 g
W N T e PRI R Sl @ WCANbRbs & g Rl P iR R Ak E R

EE_{ o

3-3-2 " IR B AR

AEARAIBAREA PR BB A TR R D& SR G AR R 3-8 ¢

Frame

B1 3-8 4 5 ¢ AT S 2 2 0 304 e B RS 5 A2 ]
23



BANPR R A B AR TR AR F & S N
TR g AR BE R A R T SaE RO S € B - B A F AR ECA]
#OTA N FRBBR Y F TR Y RTIR T F R
AR RO BFRRE A R S BFE A FERY F R L e
webcam Jc & i# * F‘ Fade Ry A R o F kg d webcam EB-# * X - i@ B oen
AL B Snfs o £ 4E - R frame B 7 A B ARBCA T e > F TR H (S o K
%#«iﬁiﬁ‘l&-? # % F

IR AR T fe B R B2 40T 0 B L B E webcam 3 B~ frame 8 2 7
PR T pe 0 TR A A fS o BT R RN IR - A BRI 3 32 Feature 15 o

Algorithm :

Start webcam
While(1)

Image = read_from_camera; // 7 webcam ¥ i& frames
Detect face; // # # Viola_jones_haarlike detector # /4% 2%

Initial ize shape from detected box; //shape #~ 4% 7

Do image alignment; // %3/ £7 frame * g

Show image;

For(int k = 0; k<shape.Npoints(); k++) //4-% k # =28,30,16,32,48,54,51,57
I 20,36, 3% i o B EkEZ B

If(k == 28, 30, 16, 32, 48, 54, 51, 57, 20, 36)
Feature[ ][x]=shape[K].x;
Feature[ ][y]=shape[k].y;

AT F BrpcEb AR Ao® 3-90 % 2T (Chin)~ 2B £ (L.Eyebrow) -
+ B < (R.Eyebrow)~ = p% (L.Eye)-+ P+ (R.Eye)~# + (Nose)-# it (Nostrils) ~

24



v B ¢b % (Lip_Outline) ~ + # & (TopLip) ~ ™ # & (BottomLip) ~ ¥ & ¢ &

(MouthMidline) -

| face partstxt - EE&
BE(F) H[EE BAO) BEV REH
part "Chin" { indices(0,1,2,3,4,5,6,7,8,9,10,11,12,13,14) form open_boundary jagged point_density 1}

o
o)

part "L.Eyebrow" {indices(15,16,17,18,19,20) form closed_boundary jagzed point_density 1}

part "R.Evebrow" {indices(21,22,23,24,25,26) form closed_boundary jagged point_density 1}

part "L.Eye" {indices(27,28,29,30) forn closed_boundary jagged point_density 1}

part "R.Eye" {indices(32,33,34,35) forn closed_boundary jagged point_density 1}

part "Noge" {indices(37,38,39,40,41,42,43,44,45) form open_boundary jagged point_density 1}

part "Nostrils" {indices(46,47) forn open_boundary jagged point_density 1}

part "Lip_Outline" {indices(48,49,50,51,52,53,54,55,56,57,58,59) form closed_boundary jagged point_density 1}
part "TopLip" {indices(48,60,61,62,54) form open_boundary jagged point_density 1}

part "Bottonlip" {indices(54,63,64,65,48) forn open_boundary jagged point_density 1}

part "MouthMidline" {indices(51,64,66,61,57) form open_boundary jagged point_density 1}

part "ChinMidline" {indices(57,7) form open_boundary jagged point_density 1}

B13-9 A % T 7 4 AcELiE s

3-3-3%IMHE I AL F N 2

TR TR B R T B2 (s AR+ Mohamed Ben Ammar & 4
F A e BRI ABIER LA (D)2 A A M BRIV
FRCRRREYL O T R R TR ORIV RIRR A AW R 2 R NP IR
BRI a AR 4T B 3100 F A @ P O B R AR R R ch T
FArT DI A G BT R RSO D2 Wk S & T S A g
D3 %% > &gt - DA T &5 IR PSY BT THERT G P U BEEE

BE P BED RPN S BLEERE - A DB RIRAR AR ED L

TS

4> D5 % &

SRS o

25



1 3-10 % 401 35 35 BB IEAE
BTk N A MR o B INEE S P AcshiEdE (D) # 1 i
BE DT LT

>

bt (D4 S0 ke ) (D3% BT D6 E® ET % | {34 Di

> & {D2%i- @& DERICETE (DI ETE ) (HA

> A (D2 @) (DL gt a4 | (DA EE AT R { A

> RE (D3RR R4 & D4R EH 4 ) (B DiEiLG )

> BT {DL# EH4c ) (D21 e ) (DA EH ) (L4
Digix3 %}

b AR RFER D BRI LT 4T T A 32, Y RARN EH

“©V REAgiiETg . Y= ll“z\uzJ}a oo




Sadness i = = J =

Anger y = for) = =

Fear ) 0 =

Disgust = = 4 4 =

Surprise i 4 = A = =
% 3-2Di Rt B HFEHEL

Algorithm :

FEM L A& FBIEIVFRIFEREAFTE 20T
Bz & R 44 7 non_feature[10][2] S
P E#&#AHFDL-D6 &
B5 7% — 5 frame #7253 48 74 feature[10][2] ~
1 E ¢ % frame £#D1~D6 & ;
iftD3 1)
{
if( D6 |) — Happy /
else — Disgust ;
}
else if( D17 )
{
if( D2 1) — Surprise 5

else — Anger ;

}
elseif(D3 | & D4 |)

{

if(D5 1) — Fear

else — Sadness ;

3-3-4 3 $R I 3 PR3 B

* % %iig * Japanese Female Facial Expression (JAFFE) 3 42 & i 5 % $% % fi
FRRBEm R FAEMF P AR oA E P S B B AT U
Hadgz FTREHY XA d g AL B R F - A
L 256X256 0 st 213 EFAEL Mo £ ZBRMFHEY PlEFEwTA
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# 3-3JAFFE F# BBl FmF
JAFFE 7 #1 E

TiE e Hif 5T
I (@l (el (Fel (BFel (P&l

wH) RE) R¥) RiE) Rl %) %)

213 1/3 1/3 2/4 3/4 2/3 2/3
2/3 2/3 214 213 2/3 213 2/3

213 213 1/2 2/3 3/4 3/4 2/3
3/3 1/3 2/3 1/3 212 212 1/3
213 1/3 2/3 1/3 213 1/3 213
213 2/3 213 213 2/3 213 1/3
1/3 1/3 1/2 1/3 2/3 213 2/3
2/3 1/3 1/3 1/3 1/3 2/3 2/3
213 1/3 1/3 1/3 2/3 213 1/3
1/3 2/3 2/3 214 2/3 213 2/3

213 3 ¥ i

#. 3-4 Bgor M JAFFE TR %IV FER R B m S Sk o
% 3-4 % A SR

3 (V)

HrER %
70 |
60
50
40
30
20

10
0

Ang Dis Fea Hap Neu Sad Sup Avg

|.5_%5§>_‘,§_<% 46.67 | 51.72 | 46.88 | 67.74 | 63.33 | 64.52 | 56.67 | 57.62

28



3 4 %JU il] ‘M:“ ~3’i‘

At BAE LRI AR F B I RIERE Y SRS 0
g A R TR S (ATS) e R 5 TIE R L LRI 7 o e e R
EOROR O B Pl A R B F enF ¥ Sk i (Mao and L,

2010) - ¢ 5§ ¢ 5 AL 4 RAFEFE I R H s (TS ™ b i it 48 o

KEF  WAriti s B 1 - FEfeR e o R Ade g P prd R
ITS ey @& % &g 58 crgged » 3 Rl Frardi s o 0T AR & f
BR3P kB e B e i 8 ahf 4 o
FALFEIARFK I NFREKE

RN Lo R SRR R e S TR S R

FAT I A BT e (RIR A G A AR o AT N IE A T IR A X 4 5 AR TR

S HAR R IE A S F R o AR NI A E FHC o R B4R 3-11 -

A 4

OmcsnetKai

6¥\>ﬁ ,l — / SRALERIT

- -

~-— —

-- e

Curriculum Agent

Bl 3-11 Az (S IT 4 3F e
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3-4-2 HALEH

ok SEAR T AL R 7 K32 The History & Development of Digital Art (¥
WA ,2007) 5 A g 3D R B TG R BN B PN F o REL
Bz Bk E Ek (Levell) ~ 4 &% (Level2) ~ Fl#t % & (Level3) - 3

FEF AR 2 AR o & 35

\ Level 1 Level 2 Level 3
Chapter 1 1~7 /) & 1~7 -] & 1~7 -] &
Chapter 2 1~4 /] & 1~4 ] & 1~4 -] &
Chapter 3 1~7 /] & 1~7 /] & 1~7 ] &
Chapter4 1~6 -] & 1~6 /| & 1~6 /| &

# 3-5 AT A

3-4-3 AT R IE Hk

PRARREA I E S A R AL RBTHRES KT R - §
OMCSNetKai 435 51 & 436 21 @ * F hF R L 18 Az I A {39551k & -8

L 1%

By AR B AR R F s (Level2) TR B Y ahdsde gl o & k.

%

# 4 Kortetal. (2001)# 31 8 ¥ 228 » 4oF] 3-12
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Constructive Learning

A
Disappointment Awesome
Puzzlement Satisfaction
Confusion Curiosity
Negative Affect <€ > Positive Affect

Frustration Hopefulness

Ancxiety Calm

v

Un-Learning
] 3-12 Barry Kort, Rob Reilly, Rosalind W. Picard, 2001
EBEY REEZE DX AL E R & (Emotion Axis) » 21 f it £

W ~
han
AN

TrofhEARG > RASET i BARR o P AR f e AR R
i BARE oAy it £ hEE Y dh (Learning AXis) » i w & (Constructive
Learning)4% % "~ £ & % R FEAXF > 4p¥e s f » & (Un-Learning)ax g i~ £ £ ¥
RFARL o

Kortins - 88y ¥ § 5B ™ g ¥ frie - B FV gV RS
FaAE - 2 e REEY ORER R SR AR Y FHHRRLEI Y
Whe M EEY FAREE - AR SR AN FLEY F AL
TR F s w1 EY FOEVEHFY F ¢ ER3F 3 pilreRaong,

- XA - Zehd L L RARA R R A iE o gué?i‘**ﬁ%hm%Féﬁ,ﬂ

¢
ole

GErEE R Y F A REY L ARG ERA LY 2
B S YR fE 6 A e D XTI BB RERY F Y fiE -
BT Y Y B H 42T R P AR LG e

Btk failyhit £ g BT aen AR ) chLERE B Y ¥ § IR - BAT

waEr o FY

G o TURE Y R L BT F U A T MK e B
F & B IR 5 AT R 0 70

B
4@5
-k
oy
-3
NN
bt
S
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PP PR AR A L RBEP DR F A P AR Y RET
R (e g:ijﬁf RS IRARY 2 % (Level2) § B Y Jz:{i_j.g # AR T F
PR AT NI § KR W MR R F 2 BV F PR Y R

A HE o AT IL A PLEER RGP IR AR SR Y o

435
S
@

i

Bl 3-13 %5 vk 2| drinAn

3-4-4 3 H NI A e

IHAEA e, AA BIHE AL IEF AL BT E B v NS o

"‘n"‘“

B bR SR R MENL ] AR PF B kR FRE NS
% (Sadness)ehd > T H R IT A 0T T o R g A MR L
PR —g (TR R 2 2 SR o o 2 B A AR 4+ @ 4 (Neutral)
LR LB v A o7 B 3-14 -
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Fear Disqust

Surprise

B 3-14 # 4 1=i%

35 FuEFaFRIL

AT EREE - B FESEY ROl (e AT Bl g2
BB LR YA FT R R T 0 Y 8 g1 (D)
PENE (2) RAIKY Q) B 7T Fcd 7k (4) REFRREV RS2 v
BaR N FI i (B) B¥ A AR I AP RITR SRR Y VR

ke K )‘L’f‘? P AR Ar B 3-15 Ao e
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FHET

B

3-5-1 R3Ix3*

AEIREFRFEE T IREEY S S8 AL T SRR R

FLEEY B RS Rk o S ARTFRAIPEE R AT e

%@éiéiiﬁﬁﬁ»’ﬁgﬂwr SRR A - R AN R Bk
RALT AR T B Agent TR TR Y S eng R R 2R Y Fi TR o
THEDGHRF R SRT ARV F ARV B PR (56 T

>

f
SEEHMTER B 0 FRAE SRR AR LR E RN o

¥

3-5-2 % SR AEH FH N ER

APV el TR R DR FORRTEELRFEF AL 2
RAIE j 2z BRGTFEE Y FH T RGBSR ARG
Mok SRTEIE R Y 2 & RETESE 5 ¢ Heuristic Evaluation o

Fogf 35 3% 1% (Heuristic Evaluation) #_— a2t i+ 5% cig * (244> /% > d Jakob

Nielsen b’“’r%ﬁﬁﬂl :hl ;Q ° —‘,—H¢ I/Z‘QPE" :‘E‘E‘ j:‘f'ﬁ"?% # lri*';:% ;z":‘ E‘]IJ (Heuristics) ) ESE"/E’ ié e
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FABhEA R F LT B FEL RAA &R o @ik Heuristics - £d A7
Bt e AR E B 12 B BRE T AR OIS ik
Ao(l) - ZHAA B FEXERI B4 G FIFOS RIEZE HtE Sanis e
(2 ==tk TR A AMIINERAFTFREY Lo BB 2 R
14 F* 48 - Heuristic Evaluation s~ iREL I B [73FG T 2 5 & * —"Ff A N R
THEARKE > FIMVEFAT TRFIEE A 2cF o Nielson (1994) # 4 > ¥ & 5 1>

Pl A J 0 TS TS% L i R AL -
%R R Pl % ik §5 Nielsen %1994 # 3 B cht B A 400 # BFR A
WPep - 27 BF AL P F4o™ £ 36
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% 3-6 i ¥ [LIF R 2 R
% S R T AL Ql: s % T4 & it
Qz‘é‘“’e’?’j‘mﬁfﬁﬂ-\?ﬂ BEILpE R gl w B2

i '3“ Flfep L

Q6: 8 7 #4 (7 4 10 Fs (e 58— RKer?

- R fofR i
Fams it v e befopigg e | QTEFIRLEE T 7

v &
FFRY - LZE T hERESA %‘ri E R A2

S AR

QI2: 8 F F 4rif B( 4ol YR ET Sk *
oA IEE?

% b sl foci

B £ B fodR i ek 3t QIIAF H LT &7 L& o7 Ap b P L7

QUA: et FHAFE T 42 b 4 45 ek 152

3-5-3 A ARATH-R T PR
ARG ER jat e B8 4 (System Usability Scale, SUS) s 4 sui

FLEER 2 3P R 2 5 o SUS AR R Y F AR T2k siind g £ 0 B

- > 4% Likert Scale 7 B-& # chk' % » i * % BOTHFR TR Y & Bk

AR T RALR S SRR G 2 F G RALR R AR R R R
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e B RAEe hALR P M READ D RRLEY AL AR BT
Do XBETER L BRAL S EARE- B R o R F bl g X
it ZEROBER TR EATL Y 5 W SUS 3R S RGFE kMg 212
*EoSUSTEE X g chfefld 0 3 1000 4~ il § 47 0tk Sudeg g8 it 1
@ g sgis3 & (Brooke, 1986; Tullis, 2004; Lutes, 2006; Isman,

2010) ° FIU K E A4 TR B AR EORER R BERLA -
3-5-4 A MBBIER-Z 4 R BEE

AT YR EEY = & 2R Z%#F 2 (Triangulation Designs) s #7 7 =
ZeRTEfF T HBERE PRERLE MY Fied DR A5 B 27
T E% - FE R (QUAN+HQUAL Model) » it #8845 ik 48 4% &

EB7 f# (Creswell, 2008; Creswell & Clark, 2007; Gay, et al., 2009) - itk 73k 2+ ¥

%

B EF - BEEA AT DR TEOTET MR FOTET SR

"«1\\-

W K o j\,};ﬂ ZEFEINEER 'ﬁi@f‘?f%"‘* MR, @ ’gf%’# BIEE S BLE
FE et e R AT RN R E TR M TR R R R G

0 4cF 3160 27 kol S EHE - BA NG LEr DA

(SIS
BR 7
B 3-16 = & jp| & =1

355 ER A

FER L AR MR P niREE BT R —“zﬁ«&»“‘ EEF PTG
v o e PER B TR R EOR S BN E I g R L RE Y 2 (F 2

R~ £4RE 5 2005)c VAR XD AT AF - EAK e 1 b 2R
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PR L T RRIDRA 2R F G TR $E AR REL T
RALZAZLFR-FPAFT AR FHITDERY EFRF T AERR X

fiFt > AR BN B aht g o
3-5-6R* I dHMARE A

~# 3 i * 2. QUIS (Questionnaire for User Interaction Satisfaction) i* % £ i
ZRHHAHRHE NG LARBLAE N EL A LG A0SR L6
HF 0 4 F o T A6 - FY 64 A a b4 v Pfoig ¥
K GG SAL £ 32T B4 2884 0 5L ECREAVALEE A golRF B

2T 2 A A A R AR
35-7TEYHBE £

*F 7 ¢ * MSLQ(Motivated Strategies for Learning Questionnaire) i* % & ip|
XORIE R R KIS BRR Y FHTR N RI K B Y BT - MSLQ o
Printric % 4 4. 1991 # # E > XA > X Gw o A8 5PN ado 438 b Ad
AR~ TP EGR EAIE A A p AL BBV B A 44T £ 304 -
AR L F* LikertScale 7 B8 £ wa o # f8d MI 3 AR (D)2EF 2 F R >

@7k ~Q)EE -~ (@)L~ (B)E
3-5-8#-E LB

EBBNE L BEAHH T S > LS A B A 6-12 0 5
dEPFERHBEER MRS HBE I A AR LA E

1996) - E BB DB B A ERFE N o F g DS 95

1
.
a1
W
\F\"
e
R
o)
v
B

(Merton et al.1990; Morgan,1996; % 7& % - 1997; sz » 2003; # % £ > 2005) -

TR ARE kg B+ 308 dhaEie 2 Lkp B4 LS RBTME
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(k% 2003)c AATF Git ® FHY R §HE Y F LT LREEF

e

B s R B R F R ks e

~ml

3-5-9 #k-r FERA

TRz

SER M NI EL Y (ER T 2001) 0 AR Y A ARAREAER Y
o g PR F o B m Fw e o B U FERE > A TERL AP Dk
ERRJIER YR UL R L ) ﬁ A BEET R R F R R SR T

,«Frsg.ggfgrs,pﬂ S5 iz B (PFrciE > 2003) o

St

CEFHEAFTESFT RG> < F &% A2 % (Grounded Theory) -
REHILGED pitahu o T8> &a 3 B = 324 (Strauss & Corbin,
1990) - Strauss & Corbin (1998) { #& “e 3P 3| © 3 s AT A ITA Ik > v 4e
B gm S qupledo PR R B AL LR R (Reality) -

%45 (Coding) &~ fids FALA 2~ PRA T > g £ i enfk (TiE AT o f

HRFOoAPRZL 4 - ag iRy HIME I FHELEMIRL &

e
R
e
=
G
=t
®
a4
\\
34

AR P FHRE R A DL i (K> 2004) -
FAmGenA 47300 d 2 %A 2 ek L Bt (Open Codinig) ~ 2
#5085 (Axial Coding){-iE # 1+ % #5 (Selective or Focused Coding) - % % & = #8.%
BV FIRT R GRE AT EFE: kv e P BE S w T HI0 BSR4 T AR ER S
PEE ~ P < ek s o - RER S R BRI
L7 (& ER > 2004) -
(1)B i iofy @ %0 B FlenTORA 2~ HAk ~ s PRA U fofprd it i fg -
FAGEEME o R MAR AT 0 TPLE B AR~ - B ok £ RS 0 k-

gtz o N EgE -

i
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(2)3 fhifdl @ B EBA TR R eDiE R ~ 9% % ~ 7 /T B i oS % % E 8
2o b Rk o TR - S E AR S MRS < L RF
SR =

(3)EH 5t s ok ko stenfodl © fonRmiE SR A M G T
&0 A B RH hie Al L R B ehifze B A& o B B S F A
B s ka5 b p iR L B TREE Y E R
B PR o MR R L R S R BTG4
WA BHBAEFTELSATY A AETRN 8 AR T hAvEF o FBRGE
%.!q&{u Fpfrmga fr e rimi it >R oo i 2
BwmEH -

FrREesraL

A1 RAER-H SR T RIS

G PR R AR R A (SUS)IE (7 A A T B R AT 4o T

BAT A A 52 7 Pdefe ?

4-1-1 f R HEA-GRAH

AEF kLR M LB SPSS R A4 175 % Ko Cronbach’s afE 5
0792 ¢ P~ AT EARBGREOT N S A7 BAZELHF Y &

PRI KM ATIE G AFER
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4-1-2 & sui ® (2§ & - L33

T ERRY FHEROEFREAP LR LY PF BTG

B Eod £4-12 B4-17 4o ki * 4§ & F-T085 75 %% L 5 1064

o

EAA T B R B E B (ME=-492, % R=789) s - BT A R AHEE S

RALAORY 2 SRR HELR GBS -

HAE

100 /\

= N

Bl 41k *HgELE > H

RBE@ERY o0 (DFEM PR B 1218 5 Ak QB3R

he A Wb 12018 5 R 18 A Hico (3)H-5 T A Bedp 4r 5k 0 2.5, W EE G A S 100
A B R o T L R 8 Pl & 4L ORIl e
ok fich 75.00 A 0 ¢ m#ich 7875 A > Bk BB A B L 87.50 4 £ 50.00
Aot L PG 1064 B IR PIE A FHFR S TI RDR F FR LB -

F04-1 g BB 4 SUS A B B At %

L S =t S R S Bt g Bl B AL

20 75.00 78.75 87.50 50.00 10.64

FrERBAr TR BEL532 0850 BAKE At il d 4
A2 B XM B % R S 7850% - £ Q1-Q2-Q3-Q4~Q5-Q6-Q7
Q8 AR RTIHAF » ¢ Q3-Q6 & ¥ fi® TiH4F > Q2 Q5-Q8 3

R QL-Q4-Q7 L ME ;Q9-Ql0 MR EM I BETEY B HKE-
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o 29 Q95 MR > QL0 H WA o

EEAe AP FTHIEBENF LA BAEE A e R EF AT
Q1 » 5 65.0%:it * FAR AW & ¥ R BRI A SR ke s Q2
® 80.0%:i * Kini B kA AFR e A Q3¢ v i 90.0%:R * H G B
SERAF R RY oA QA o f A0%R T HIRE R KB KGR BN

SR enflE B YRR S QB ¢ i Q0% P KRG 4 s i

o
W
P
&
3

& Q6 ¢ > 3 80%:i¢ * F]P,’fm,? e Ry s g oo Q7
S0 8% M FIREAFIS SHART UF R Fh A b Q8 Y 0 it
90%:hi¢ * H 35 kihig * 13 g FlEL o Q9 ¢ - BE%ehiR * FIR L G v
e ap ke QL0 ¢ 0§ 80%:iE i kA FEL

% aoak o 554 SUS 1 75.0 T ioadcrt 32 Q1-Q10 crik a4 47 0 BEor Ak SLE

—=

g

% 4-2 kX * F £ SUS 2 & it st

TEEELRF A (%)
TIoRAR R £ B R 1 2 3 4 5

Q1 3.80 696 292 | -734 0 0 35.0 50.0 15.0
Q2 3.85 489 | -442 | 1.304 0 0 20.0 75.0 5.0
Q3 4.15 587 | -.004 178 0 0 10.0 65.0 25.0
Q4 3.30 923 214 | -595 0 20.0 40.0 30.0 10.0
Q5 3.95 394 | -531| 4.985 0 0 10.0 85.0 5.0
Q6 4.00 795 | -.699 807 0 5.0 15.0 55.0 25.0
Q7 4.30 733 | -553| -834 0 0 15.0 40.0 45.0
Q8 4.35 813 | -142| 2379| o 5.0 5.0 400 | 50.0
Q9 440| 754 -851| -609| 0 0 150 | 300 | 55.0.
Q10 390 | 82| -930| 1012| o 100 | 100 | 600 | 200
LA 4 703 | -.492 789 0 4.0 17.50 | 53.0 | 25.50

GL:H? hFr p B L 53 S E 0 B EEL Y- )
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AP G R TS RAGARTRAER > T A 435 LA E RS
EAE 5 B AR EF RN TE RARE Rehg 2 2 2R A @R
GUBARY RARR Y B 0 R OMART N FERAEF R SEE B L B
ENFY LR MEEOHEZ PR TE AT R EARY o X NA hp
FLE A ASMRY F A5 B AR has g B Pt R

B2 R BT A AR 0 R FSEHEON FEE AL 44
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FARK HATAT AN B
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e FFE A IR RIS AR R AR
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FURSFREAFIREORM 2 F o M- R - AF T TR A RE R FA
KA B o d P NPT i A Al T - @ A
NP XD M- FRRP Y IFT AR FLFE LS
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(1) SIA T LT Frbgi? ¥3 Bauis LR EAR KT B

Hoo MULTHRET F Y HANF

(2) Aetii: bl aTRAER B¢ o R R e 3Rt b0 T 4ol
B F R AN F o R FFY R AR ARG
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¥

(4) jriimde: bk it A E R BB O IR R HIER Y K@R

For FHE
4-3 B % iz = & plEEE L

LB E PITEAYCF NI R LA R A (SUS) e 2 18 o &k sgt
$I LA SR E R e FRE f AT e AT S 4 R A R
MR GBS 12 0 R BREA TS A FRE S L 28 -0 £3540 1=
Bt B A FRPEEY LREFLE R - 2L E%kE G 222584
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R R E T 8 LARTE £ (QUIS)Y & K HEE ik B AT R 4k
455 2 < HEG ¥ A RS S AT R R B 0535 3 07 1k Hapg g
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% 4-5 T%Q*Jﬁf ﬁsi%ﬁ)iﬁf_a R A

R E R R A PR B LF
0.869 0.799 0.535
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Fle REREHTFRE N FIRANGHETY 5% Lk G A EEY b
P Aded gmERaneg o Ra AT EMRY K B e Y 0 RSk DTN
B 701 Frot § ESk manT A 6.89 K hd o i5F T A LF] S R SR B
FH B EAPM AT Y f o & B Apy pORTEER o AT SgalAeis
P ea@® F T Mo @ METAEY ST RREQ)FR N Rk e

B Ak sl i Fehe £ 4-6 5 QUIS B ¥ P L s 2 Aiib i 2 T e 2

AR A
% 4-6 QUIS F* ¥ 4caf 4 szt

P ER%E(21) mEHKE(181) KR40 L) BEE

T BEL Tiof HRL Tk #Ei (BR)
R F R 6.89 1.01 7.11 0.49 7.05 1.03 0.415
5 IR 7.19 0732 | 7.43 0.77 7.30 0.94 0.324
EEE &t?;m 6.51 0.47 5.97 0.40 6.27 0.91 0.000%***
FYHFiv it 6.50 0.70 5.76 0.41 6.17 1.106 | 0.000%**
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(BEFELF g ed g gske Fant i)
30 %4 5% p<0.05 > ** £ p<0.01 » *** 2 7+ p<0.001
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