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Human Visual System

The Human Eye

Retina
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Cornea —»

Iris

The Retina
Nerve || Nuclei
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Light
S
% e Cones

Ky
Ganglion Horizontal
Large Cells Cells

AlZt (Vision) K

o 82 29} (Cornea)2 Eofl =0l EHS oo N

o X (Iris) e 532 S8l 22 50{2 & Hlo|

0 & (Pupi)l2 £2| L0 EA E0|l& B&C2

0 3= s 42 =8H (Lens)E S5}
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m AFENHO| LTIO| HFE AlH (Visual acuity)2 ZH

CHSate Sel o o

AFEH = M ZEXI7F A=, 22 2f 24 (Red, Green, Blue)oj|

CHshed B1Zkek [Young-HelmholtzAd]

AMZS He{H AN 7 2d3t[0)0F StEE, O F2 & Ef oM =
AW 24 (Color vision)O| ZX{SHA| GEA| =

Nt AFENe 2=

a

ZHA N 9F |IFEX Q| 2 (Rods/Cones Distribution)

= WO EROA YXRQL MK O REE FUSHK| YS -
6002F~7008t 7Ho| =KX 7} 2t (fovea) Off TE
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ANZF 53 XM= (Accommodation)
0 &S (Accommodation) o =2 =8H7F Yoo Lo 2HE W= 582
o Al (Visual acuity) Z2Hs0[2f 5tH, o] 20| 2= XHE & = U=
o CHH|ZE (Contrast sensitivity) o 28 -
o &2 (Adaptation) w 1L =8N 7 EXME 2E R0 = oA 7 UAS
O AM7ZEAIE (Color vision) 20| ZFE HE = U= M 72 AHelE 23
(Near point)O|2} &t04, OFEH7EX| 2 0f = 72| 0|40
oM X2F2S Y= 5= glenl of AZE AF (Far
point)O| 2} &
o YxH
= 28 AE 0[2of &EH (Dark focus)O| A=H|,
Ol= O|&F&2 X0|M 0| AHeH ez X0/ =H
S gdutdoz FHo w2 YEF2 H 20| d=
A|™ (Visual Acuity)ise cis: ae gia CjH|Z = (Contrast Sensitivit
=1 (Visual Acuity)etro c1ro tao  gis & I (Contrast Sensitivity)
O _7,<_|_/,\__|'$'__|7_FA|§|| 20/20 CRT 20/40 HMD 20/425 BOOM 20/85 CAVE 20/11 o ‘CT)'—?_}' 5El‘—+—7|‘ E'l:-T'_ EHH|7|' Ol‘—’ﬁ— lj_é_ol_A_I ‘EL%_(:D;}' §|A_|HIO|'
w J}E ERE|L Al M= £ ABZHAI2 (Minimum separable AXE 7HX| 0 A
acuity), £0| HEY + UE ol A4 EF FE ol B E o CHH|E XS] SIHAAM UHE AR = = US [9
AtolQ] £ & F7HE Tt CHH| ==& CHH| 2 E 4} (Threshold contrast)O| 21
o Vernier A| & St O] YE CHH|Z T (contrast sensitivity)2t &t
u Vernier A|2S St M7} CHE MO| Zutsf B{Q| (Lateral r2tA CHH|ZE 20| Z2+F iH|Zd == HE
displacement), & 0|23 XA g 27t8te 52 0 SUFObeoF CHE AAHE AFESHY o|2{ot S
HIE 3o OE7IS 5 ZFC 2 A[AFSH
O A|AKX|ZEA| S, QR Al _)'._I—(.DI%Q_EN CiH|ZE 4t 151 O 2 =& ALt
m X AX|ZEAIEH (Minimum perceptible acuity)2 H{ 4 2 2 EH 3t rMe _
20K, 52 B)g 228l 53 T o 2172 &7 ua=7t 2-4 cpd(cycle per degree) & [f
7H g

= 07t Q= B =H|2| X0|§ 27t5ts sHE YHMAIH

(Stereosc}\o?)icl_acuity)0| 2} &
O 2 feet ©O{ &l 20| Al 1280x1024, 17" ELIEHE EH 1
pixel & 1.4 arc-minutesg A|H & X|&a&t
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=S (Adaptation) A7+ A (Color Vision)
o Hloj| ChSh 2t H3IE 22 (Adaptation) O AtZHO| OlAlGE o~ Ql= JIA| 22 (Visible spectrum)2
o oS IPHS = ity 400 nm (E2fAM) ~ 700 nm (ZHAT) AO|
SEe e T & Ato| ZHES 2chE ol A2 Fostn o
« BB o 52 YT Zolk AFnol 28 £ o Mg SHSS SHAE S Moo e
= _ _ o LIS HHAISIE 2 2ato| 5 X|FO| 0|50 2fdh
s SW A= o 30-35% FE ZEle UM =8 x2S wre
CHA -
. oS M, LA 7R RFENTF A0 2h2F A, =M,
o @ess g 2e DY 12 B2 28 W2LMO| CHSSHe H10| THEH 90 Chotol BIzs
o MZo| X[Zh2 O Ml ZHX| |IFM|e| SAIEHE2| At
o AT (Color blindness)= O| M| 7FX| |=H7} £ [
LEEFLHE S4f ' N SO
Al Zt Sl & &= (Temporal Resolution) e 20| E (Frame rates)
o 1X7F BA|E= 0|0|X|Q] R+E Ydt= HOE HzE HA o Z2| Y 0|E (Frame rate)= THe| AlZt & M& &=
0 HMZ= HYO|X| (Flicker) GroLt BLIE{Q| O|O|X| = T Ao W2, STt szt HE0 SE Y F49|
ﬁ!ﬁow i (Refresh)E|1 U7| 0] MK 2 ZH0|1 SIS motsls 7|5
Mo o 2EU0| gle FAOME £2 Zael 2ojEE
o J210|, DL EO| O|0|X| 7t #E =2 AYME|X| %S of Sojost = -
AURAS AX|SHA E|H, (F29| ARIS2 15Hz (0|52 ol
o102 L / T [== =Ty T _ T
0|0|X| o1 F2) 0l A 50Hz (42 0[O X|9l HL) AfO|2] o adel A ASEE sRE0| BE adiME ST
XA S (Refresh rate) [ 7ZtEtole OIX|SFX| 2t G0N DM F22 2EY = Qi3
o YHEE QI LCD, CRT R L|E{ Q| AL L& 60Hz - 80HzE o QIZtel A|Zt2 =& 16 T2 QY O|gel Gd= A5X 2
AEt - x| 2 M85 BLEH £ 120Hz X| o= AE QS mes/sec, TV= 25

de2qiL}l, 512 A|0FZ} (Field of View)of 5t2 C|AE2 0|2
A2 60HZO| M & S QXS AFRE US
O0jQ 2 C|AZ20|= 85 Hz A{ME0| = st
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o198 w8 g T S = o The Psychology of

- El?éﬂgl_;ﬁlé’“i itRIWl- A2 MBI ZA|0f Human-Computer
§x—to1 %%g M meIIE ST e Interaction by Stuart
Ags SHEUR AG T4k 20l © Mol2lS He Card.

MBE . o 1960ECHO| AFZEEO

O H|C|2 A Y 2LEHE 2ZE(Flickering)S Q1X| Z5l= Ol ol mL
ET N5 S0 o e ey S & Sh L xF30f chef Yokt wal
T'=|-l- = o == 1= oT = HIO &L = AFTT —
M| st of 2t |_3°|'E_I_X|E HE=

o 12|, e& HA%QI*‘:“—*.* I 2| E1|8|IEO o 2 H0| A E

= x| st 8= Zle Jor=o =
(ramesisecornd S AE LA d S5 oo 0 0|2 SOf, A8}
E'” E'” |—§ |_X|E T I:U\——‘E T — = AE_ElO‘" OIO|I—|O§

o £E5|, A2 ML -|A|<7; Vertical blank interval)1} P . N b R il
Jaj'do 57|§FF< IOk W, =S mef g LIEt 2XF2| i ES
20| Eofl T o|a|x|7F §8 Fzfif =9l HHAM A= 2 M7}

o A|®SHE Jfmo| ESS siAs, =l 20| E 9 LIEFLID H{ES ==
RS0 25 sl A SR oF St b ol Al o = e el i
ﬁgl_réo 5E| =S %I\E -6;[._ StuartCard-—] 4l ]_J_é ol =

- |

o|7} ™ |

AL HHEANE| 2E QL FRXE| RE

o Stuart CardQ| QIX| & (1983) - 2 I} o] EMO o The perceptual processor:

HS517| 98t B9 2 ZHE|A|ZH BARE, M2 = w1t el YHEFPEE AZ R O|0X] Mo M
= L g =20 AMO OB AZtHQl O|O|X|E MESH= AlZt O|0|X| MF Lo E4E H4EHEH,
F7| AZtojet= 4 SRl £d5 TEE o = =
= = AlZb O|0IX| Mol BHg FEZO0| HE 17 24td - &, 207
= XS AlZ4H el O|0[X| 2 172 XHK| Baet
A|Z+ o]O| X Zko|O| X
Skl e el £171e | =717 A|Zto|Oj XIS HRE £ e AlZH2 200 msec -A|Z0|O|X|L}
bk onl *ED L 2
H2olo|xs 22|Hoz EAEO EI|7[AofN HUH =2
e 17(7-17) 5(4.4-6.2) 3(2.5-4.1) o AMZtHo2 BetEof F7|7|90 2EE = o0[HQ HEfR
22 letters letters chunks e
=l | 200(70-100) |1500900-3500) 76 5e coc a » BRE SIEH0l R 2N, O 2ES ZoZHHL 28
Azt | msec msec O The cognitive processor:
T A = D= 717190 EO171Y0 EE KNe
e =EIES 22|y | SEHAZN | <Oy HeH2of RS AIZHS LIEHE 20| Ha| 7| Al - 5,
—— TH717|f EAl oMo HEXals B 70 msecs WRE 3
= .
;ﬁ:;'; 100(50-200)msec 70(30-100)msec 0 The motor processor:
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0 0|23 920 HBHES =9
deHalel paiE 2 e olx
o MYH Fo

« 28 JIBA CI2 22 BICEX], OfH 22 B Yoo
C

— =

A7 Hoz 7t #7Ho =2 & YORX| Rah &,
227t 9 A= 22| WO 2|5 7|S0[X| 1 ChE d4 S
gtg ASH 2ot 7 BAS AY=A 2 WEO| Z 7[AQLX|
Eoa=

= SHH MBS A2 S0|ME 7|7 FO|E 7|20|L Al B S
T S ZH Y THE|OM o2 AIES0| A0 2ot AS I
Offd ot ALRO| 2StA A= WES AL T = U=, o=
ALRO| RolAlHoz Y YEE 24517 ME0] s

17t 7|1 (Human Memory)

(m]

a

oIzt 7|ofo] Bx

£ 3t(Encoding): X El= 2E AE2 TF

X % (Storage): Sensory/Short-term/Long-term memory

= Ql=(Retrieval)

m U Zt(Forgetting): Zt 4| (Decay), 7t (Interference), 1= AlIj
(Retrieval failure)

3 7tX B89| 7|

m Sensory memory (sensory buffer)

m Short-term memory (working memory)

= Long-term
Attention

memory p
— i

T — = T—
Rehearsal 2
Broadbent’s Multi-store Model L

Sensory Memory

o AlZF o|O|X] XMZEA (Visual image storage)= =0 A
UHE o|o|x] =y A
= =2/ O|0X|2 Q=Y
« A7) ~17 (7-17) BX}
n AEHLE ~200 (70-1000) msec
o Azt o|o|x] X% A (Auditory image storage) E2|H
A2 E2| K
= S2|8 22|z 913 E
" 37| ~54.4-62) 22X}
m A~HL2 ~1500 (900-3500) msec
o olEX a2 ZZ HEZo A=s EE T 7|de=z

HEd

Short-Term Memory

a

k7] 71 o (Short-term memory, a.k.a. Working
memory)2 M2 2| HHY M scratch padZ22 A

ME S M 20|E O|sst”| {8 M=& oLt 282
7|04t I MOILt,

=2 N2| AZh (~70 ms) X HE ZE2 (~200ms)

2 22k 7 + 2 “chunks”

F0{2| (Chunking)= &#oint G410| OOl &1 = A0
ofsl o|EXo|Ct.

ZHd (Interference)2 ZtA|E G2 W2 A| SHC}.




o g7 7192 2o F7IHel A
o 2 8% U X2 22
= Bl 7|92 e o=XoR AN EX ¥
N 25| S .
o &7| 7190 2 5=

o
m M3IHE T A(Episodic memory) — 213 HE[O| O|HIE O 2 2|
m O|0|2H 7|Y(Semantic memory) — 7i'E AtO|Q| AtA 5l AHZHO

TRBE 7|E
o ¥4 (Rehearsal)
n %IIE—’F 2[5{d (Bte)2 2 E &7| 7190 &

7l=d &

=Cf CfEF 3

]
£
rir

Long-Term Memory

o F7| 7199 ZtEar 2 E 374X = A2k
m Storage or Remembering; Forgetting; Retrieving information
0 Remembering
m Total time hypothesis (Ebbinghaus)
&0l &2 AlZtel o Bl gL Ct
m Distribution of practice effect (Baddeley)
SE2 AlZHS 2HISH0] of Y B Lol M & I O 22X o|Lt.
= Semantic content

ojojgi 2EL J|ofe7| HCt (@LISE IUS APMO| UI Uk
olojgls XA ot 12 B7| o).

THEQ Hol= 7|st| ECt

ﬁ_

= O 4, -é;%?.' H52 chunksE CHE chunksit AZSHK %Y NES LEE o 552 ANE Eds ¥ O
ﬂﬂEElollkl g7 7l19ez sAEL. 0| 52 H52 7|9S 7|945t7| o Lt
SE 7129 g (0& &0, ZAI0] =3I HAE 7| ARtE = Faith, Age, Cold, Tenet, Quiet, Logic, Idea, Value, Past, Large
S Z2)0| o|=stC} 20 = Boat, Tree, Cat, Child, Rug, Plate, Church, Gun, Flame, Head
, .
Long-Term Memory Jost’'s Second Law of Forgetting
o Forgetting 12
= Memory decays logarithmically (Ebbinghaus)
Z7|0l= 0f2 WEA Z2ED LHS0ls BHS| Ha 10 ® OldList1
Jost's law ~ Ol AFOIN . Jio] Seigr 2=l tm2l 2o O Newlistz

R 72, Q3E HO| O AT RS HL,
m 7t O|E(Theory of interference)

&3
o3 7k (Retroactive interference):

- MER 27t 7|z fArt 2|
Lol saet L8 ol %A st

=Rs
=
35|

P

&7k (Proactive interference):
* M2 FEE ot 22 E A ZRO
7| 387| O-IE:I Zstoz olsto], UM &
SHESHE LIRS 7|987| OB YK = SHAL
m 7|2 MEHE(selective)
fEl= (‘e F2 " Z0]) Bt SFH
Aol QUCh & O BHe YA oM ET} 7|ds}7| &

Feol 50| oHE FR2l gas YolstAL XM= A

A

S gojHz2E Yo 2 Qlstol
sk ool

A

rir

D1|EE| '57(-I0| 0I|:f|:l:|
S

g WEof o=

ltems Recalled

0 10 20 30 40 50 680
Time Since List 1 was Learned




Long-Term Memory

O Retrieval o 7|9 REE B 7|(STM)Z &7| 7|LTM)2 2 1E
= 3| (Recall) C oo & L2 ol MAES & o
719 &5 Ee 0hg 50 WX =0 ARE S92 AN o E17192 ._ﬂXH_._H 9 S RES B=t FAAA
HeE 7|9qoRRE YHEC BLHE 7tsA &
m QlAl(Recognition) m KBzl E2F(limited capacity)} 2 X|ZA|ZH(short duration)
SEE2XQ MERE 7|9 259 &t -
A=l HHO0| o0l ZEMTE Q1A B0t
= 3| (Recall)2 QI4](Recognition) EL} OfOt: & O =& X2
43S AL = 0|2 £0{, 10 X2 £XI5 $hH0] 7|3ictn & f, 25 7X}2]
m OtOF AtZHO| ”MEE & F(Categorization) BE= & 3}(Structure) 2R MEe S 2 92 2 UX|0H O o|AS BHHO|
o = QUCHH, 0| 242 HAH(Retrieval)S & AlSHCL. Qe matst,
~ P = 74 AH o 57 =2
= Je |:|_+.| EEI'_ OE |:|—|O| I:_i O'IE:IT'__Xl ?' OI' | O'||=||:|'. . j_E-IL_l- Chunk|ng(}” 9|'6H ;:-EO| 7|-%"'|— [[l-EI-A‘I OE_lE Ol%
= A|Zt3}(Visualization)= 7|8t0 M= =28 Lt o3l o & _ S
Qs 20| A= HEHZ HEE MFdsior 2. o E S0], 594-
- 9805 H L} 111-22227} 2|R7| 4|2 A2 2HE L E 5tLto
CHRIZ TP 22N TH] 7|99 Ha ddES 0I7I I =
I - 7O
7| Q= ojz{gt A17t Al CIxtelof 2|Oof5t= A2..
o CH7| 7|92 At7| 7|90z MEE 47|7| 95t Cia o X|Zt X 2| (Perceptual processor)
. - = 100 [50~200] msec
BAEO| ot D, 77|91t ssHE 42X &5=

Working memory ¢
m Phonological loop : AOH Et7| 7| (2F 2EXK2| loop); A0
olsol| 28X I
= Visuospatial sketchpad : A|ZtX Ct7| 7|9f;, 3ZtHA| 0 52
o x+7| 7|9e MEo| A EX =& KEA
stt XA 20 Y0 I K& 2
o Workmg memoryO M Of Al2|X 2|7} LofLtLof mat
721 719229 YE MY H=/Ei7t Sol8iH

22712 91712 7fHlo] & kx| UE @ < UL =
http://article.joins. com/artlcle/artlcle asp?Total_ID=2784352

= 10 frames/sec HCt =2l A QU0 M ALEX}7L 2 &
otHO| O|0[X|E ofLOo| Mo & X[ZSHA] =gt

o QIX] M2| (Cognitive processor)
m 70 [25~170] msec

= HE M2l= A YA,

70 [30 ~ 100] msec

S0} O ¥ A%

o Total: 240 [105~470]

= AE A AN, TS
':'|'O|-LH'— Z 200 msec

d

30 frames/second (i.e.,

2= N 2| (Motor processor)

ZRoL L AZALS 2| B2 70 msec

HES 72X &

msec

Lt ALBAISO| A HAE E4

EEf o e g =+ gl - Bhef Jefalo|
33 msec)O 2 ZHAMSIHA 6 T YELCH

| ACHH, Ak AFEXHS0| HAE £

NS =
05 msec HCt O el B3 == Q3




oj{et 217t Al CIxeloj o|o|stE= 2.

o A|MO| &Z12l (Eye Movement)
m 230 [70-700] msec
= XFE ALESHAL 323 YEE StHO| FHELCH:E F5 Y0

UXAZ I8 S A

o QIZtel EtY 7| 2 7+2 70|, MM 2= Huo &
AHE R 82 H._*Oﬂ 3-4 7§of ofo|”HTtZ 7| =+
ol

oEs |°'71I A2 A, EH 0|00 H HE B2 HAE
(quest)e FootcHH %Eﬂ0|0101|71| NI
2 X|(automated journal)E XNSo{A LIE0f &g =
=S & A - £3|, Zefo[o{7t AFAof shHl Hx=

g sict HES wast

Simu

lator Sickness

S 4t (Symptoms)

m HATHE (Nausea), §|III|*H7‘I (Blurred vision), E%EUH S}
(Difficulty concentrating), &+& (Headache), 27|82
(Drowsiness), 2 Hgt (Discomfort), X2 ( Dlzzmess), o zgt
(Fatigue)

2191 (Causes)

» DEXO| 902 OFXl & QP X|X| UQOL}, UHIE O Z A7 X
7t22| StLEZ = 0f EOI_ =X @ (Visual motion)t BHEZZ
A|AH (Vestibular system)Q| E§#H

m Low resolution, low frame rate, high latency= &2/ ¢|

« CI2 7bM2 3t01 23210 Z27} gl I 9B g - 5,
M7t =hd ko] 0l0[X[S Aaa|0| A2 Lel=d, Btef o
A7 §lS W AFEAE EMA 2] HZES 40 HE[A [
AN A O MOl 290 Eet0] HBS ¢
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Simulator Sickness
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GeoR HEE o U IR SRCE
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- O AANO 1" | C T..:..w
g3 +2 2Xg AZel =0 L 1C
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S

mulator Sickness X| &

tube to throat

7|9t 1 9l 2x9g R

(et e

Ooo

OoOo0oan

= 4= A
SOIXIX] REE ZHSIHM =25 22 A
HY A= AEIO| A|OFZHE 2HTH5| MR X| Y= &
2 221elo| =t (|IIu5|on of motion)% Al =
O

°|szr 7E+g o|w§ &2 XO|AM E2{0] StX| A=ZE &t
Z-%2 2 3| (5, roll orientation)sh= %E% o|ote

—|:|
4L}, lower frame ratesOﬂ 9|9_+ {%7I S| Ab
=8 €2
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Z&! (Seizures)

ZH&! (Seizures)

o 2= 6:50pm Dec 16, 1997, 2F 685 Of210| (310 HX},
375 O X}), TVOL|OHO| M PokemonE EEWI-
PN

ZxtApe wxte o7l - 1 & 1505 Yo
Nzs &S
0 O] TVEOIA HOj7l 12Hz2 WZ/mie ZajA|7} Lxtol
2olo 2 grely)
o YHEo R Yeix !
m O 2 WHE light/dark H3} EE= high-contrast patternsQ| WXt
BAurl of wel & AZ) 57 5H2 5
= e E5| Z2E3d 7HE (photosen5|t|ve ep||epsy) SHRHO| A|
223U ISP Es Sz
O Pokemon AFAE2 AE EH&F 2190]

m Chromatic sensitive seizure (%, ‘*”/uf% ==

o G 1993, 0§ =
=82 4 & - 1 3 380| E&3
o = 1994, 4 ¢ TVE 11 X|St= Independent Television

e ZEgfA| J|%=E 3 flash per

—'—OE

Commission0j| A
secondE X1|6'Fo+

o Hg*z;*#% 71X
flickerst™ Otz

o Se2fA| O|0[X|= 2% O|

o iEEI-OI_

HAAH 22y d1==

M-S ZHED) O|O|X| = 3Hz O 4 = A|

O|O|X|2t 8 &=, 5HzO| 4 tHih= A

da)M, #A 2E Hc|e AYe cheat
22 ZNES AMStD k..

o WARNING: READ BEFORE PLAYING

o A very small percentage of individuals may experience epileptic
seizures when exposed to certain light patterns or flashing lights.
Exposure to certain patterns or backgrounds on a computer
screen, or while playing video games, may induce an epileptic
seizure in these individuals. Certain conditions may induce
previously undetected epileptic symptoms even in persons who
have no history of prior seizures or epilepsy.

o If you, or anyone in your family, have an epileptic condition,
consult your physician prior to playing. If you experience any of
the following symptoms while playing a video or computer game
-- dizziness, altered vision, eye or muscle twitches, loss of
awareness, disorientation, any involuntary movement, or
convulsions -- IMMEDIATELY discontinue use and consult your
physician before resuming play.
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Feedback$|st 47}X| =3t 7|

1. Feedback& F CHAF AHO|O{o| o|AS H=ts| HHES|Of
ot — &, XSOl JjQIA 0l te OAF9 o

8284

2. Feedback2 C|X}O|LH/ZH X0 A A mhof & =0
Mgk o= QIE = of{oF of — BHoF feedbackO| 2HESHC}
e =H MSEH 2 E20] X xg

3. Feedback2 C|X}O| /7L XA 23] U2 M=
NSO 10| M2 HE S Feg = JLF SO &

4. Feedback2 £H 98 &= JLE offof &t -
EXiA LotF ol 7F&8%t feedbackE S = A=A
Borsh =2 A

2 Common Sources of Feedback:
Professionals and Gamers

o MZ7} (Professionals):

= JHEIE BH: 7|E 2345 5

= 28 NZ (AY ME2AE, HE AOH): 7|E 38 S5, 12|12

ofof 7|= 11} 2%

= J2Lh A HEAL M B2 AES2 Y| 9E HUFE E Ofs

=Mt A=
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s FAOE MUY I|FE 18 UEY T2 EERY0| s 0f Yojof
S22 7|E 28 BH5AI7|7| 0j2(8. MEL SIFIL 07| FOiet7)
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= 0| feedback A|AEIS BHEOIM 47kX| 7|&0f CF &&= = JAS X
Microsoft Game StudiosOj|A{ o}= gttH Usability Research
0 Usability research 0 XS MEZ 1E B 37, S8 2|3} HA AT0A
= 2 ME ASK TE AT A% E
o Playtest research o SH: WEEO| O ¢ =|X|/YX| ZHE 2HE S,
= U0 0 PESIE HE S0 S AHR A ¢ - HO|HE0] HATOXE2| W2 BZS Olsiote, 50| A ut
o Azt B9t B0l 0l B OIE{HME St A Yo O PG FEIIE XS
O Reviews from user-testing specialists o 2~392 ZHol| 2K A, 6~98 9| ktaiX}7} OfO|A 2
= AHEY E7t 27t HIE ATZEZ HESI0, 22 2-A|Z2t HE A Y EY0|E
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AT glo| HAS BT & U= B
o LEFNOl SEYH:
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Playtest Research

o TERDE A FHOIA | ARlBtol Al AIXHE
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(preferences), =tO| = (difficulty levels)1} ZF2 23l -5 Al
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fo ME 27|= "X F (9f 25-35 F )
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Reviews from User-Testing Specialists
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Focus Groups
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Composition of Microsoft User-Testing
Group
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Usability Evaluation Process
(AMEd 7t Z2 ML)
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Result of Usability Evaluati

o 87t 22 HE2 Fefet S Bt = US

= Held Ha= o/ it Ha o
=2 A B C

1 27/33 30/30 29/31
2 20/40 25/35 28/32
3 20/40 24/36 28/32
26 29/31 30/30 31/29
27 26/34 29/31 26/34
= 661/959 748/872 756/864

SHHEA 3.552 3.230 3.200
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Hardware Interfaces




Joysticks

Gamepads
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Belkin Nostromo Speedpad N50

Belkin Nostromo Speedpad N52

Crouch,

0 FPS A AYm=2 & Jump,
= ofo Additional power.
= E'-Ilol Elxl (k=1 QUiCk save

o 4% e 7|9t 4] Me
gdete

o0 AolHE B8 HARH 7|2EL}
hRAE ALS

O ALDEIE (Speedpad)=
OrR A2 SHH| At

o 32 AY 7|12 225 0F
AMNEXZE AARICZRH £
X H=S HotA e

Cycle weapons

D-Pad for movement
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Microsoft Gamevoice Speech Used for Game Play
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E-dimensional Stereoscopic Shutter
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o Field sequential stereoscopic at 60 Hz
(30 Hz per eye)
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iPhone & iPad

Wii Remote
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Microsoft Kinect

Criteria for a successful hardware
interface

o 7|4 E = XBOX3601} 3D Depth Sensors
WindowsS Q|3 2 M MAl ——
TR 2M, HAX et =2
272 olE MOz ALE
7ts

o 7|dE Ao 74
= Color (RGB) camera

(30fps@640x480 or
15fps@1280x1024),

m Depth sensor (infrared
projector & camera)

= Multi-array microphone.

= Motorized tilt sensor — play
space control is done through
a tilt motor

Multi-array mic
Motorized Tilt

RGB Camera
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