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Prior studies in human perception and
A

performance can help guide game design.
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Human Visual System

The Human Eye

Asiina The Retina

Rl
N

(Vision)

OoOoao

A
H12 Zt8} (Cornea)2 Sl =0

X (ris)= 532 8l 22

&5 (Pupil2 =2 S0 AA

&2 satot 812 2K (Lens)E S0 £ 2
g2 EH TE (Retina)2] ST, 2 (Fovea)d| ZHES
E =)

ARl =M= BEXLRL SH| AO|O] AH2|0f e
TEHO =0 U= DYC0| =oALt O] 215H0f ZH 0f
HEE o SNt MR H O] 2F0| ==0t0) M|t
=S =M/ BH 0] 250 0|8t = X7t
HEsia.

Yar= Fioete] HE 22 9

Yor2 £ ItX| 87| (Photoreceptor), 5 ZHH|
(Rods)2t #FH| (Cones)z /0] AZ

Yot L2 MFMz 2 M 2 B E

Zealet A .

The Retina

Fibres

a

Fi @{’_7%:%\: — Rods
et

ZHSA| (Rods)
EOF2 M &5 o i

HHo| 22 (Luminance) Tt FE¢

2 20| ACHt o F2 20| LAt7| E0{7IH HZ0= OtF U=
HO[X| ECH7t KEXF =2[7F 20|7| A|E - M & 7~82 &2t
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EHM7L HESN OfFR2 RO HYSS B/ £[0f, A L3 &
402 SENR| ZHSH 7L 28510 S =0l A EoHA &

pAxe13

w M= ThEt A E | 2
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A (Cones)

= B2 SEOM HE

» AFENO YEO| HIZ A|F (Visual acuity)S 23

w AFEHO= M ZHX|ZF AT, 242 o ;M (Red, Green, Blue)Of
CHSot= Sl ohg Holof tidto] 2IZet [Young-Helmholtz&

w MZS B AN I 2HSE| 00 StE 2, Of &2 MHEJOM =
M2} (Color vision)O| ZXHSHA| A &

2

dHer AFENe 2=

o ZHaX I |IFK|2] 2 (Rods/Cones Distribution)
« WO BOOIN UFH|2 O] BEE FULK| S -
6002F~7002t 7Ho| =X 7t &t (fovea) Off EE
N = gEte 22 2F O|ME HO{Zl oM FH Zx0
O|Z27|7X| 2ES UAS —_—
= N2 CHEF EXY s
s (HEHE SIS
m S-cones (blue ¥FH)= elS
= A[ZO[ 7t of Blot EY
o WA (Blind Spot)
s ZHERQt RN SIS & |/
n MZHE MZE (ganglion cells)?t +EE|0f |2 ©F

Number of rods or concs per mm?
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MY ¥ ZH s (Accommodation)

o ZH-S (Accommodation) O SO XM} Wotof Blo] XAMS OFFELE g

o Al (Visual acuity) ZES0[2t 5tH, O] =20 2= EHE & = US

o CHH[ZE (Contrast sensitivity) o =8 ¥FE

o =& (Adaptation) w AL =Z8N 7 EME = E0= oA 7F AS

o MZAE (Color vision) = 0] ZF3S mg = A= 7t 7z AHElE 23
O

2™ /™ 0|20 =A™ (Dark focus)0| U=,
Ol &2 ROAM =0] AiEHo = 20|l =2H
AEf YHt™oZ HAM FO| X2 & 40| 75515

13 14

Al™ (Visual Acuity)cI% o cIRO

cVis NGV

|
=
[
I

Ir (Contrast Sensitivity)

UALIZATI BATIERTS

BOOM CAVE 20/11

EEENNNE e R 2 o BZH FOb47F 51 CHH| 7} OFF WOtM ZFYUBH 3|
1= AI"‘
o 7HY S8E= AE HEs XAZZHAE (Minimum separable AKX ZHA A A
acuity), =0| AEE 4= Qe WY A4 EF FE& Nt £ o CHHIE HHS| S Hlﬂ/\‘l UHE AR 2 = U2 [<
Ato|o] x| A Z7te atst | === CifH|2 2L (Threshold contras t)OIEL-T'_
o Vernier Al ot Of g'.—fj%ﬁ@?l%;%o(ggntrast SePSItD/I y) I} &t
= Vernier A|Z{2 8 M} CH2 Mo| st M9l (Lateral MerA THE[Z8el0] HS+5 HHld=s A5
displacement), & 0|28 X|2 &2 27t 53 Y. u| %E-’ﬁﬂf%‘-ﬂ Ef%;—:lffgo*fgoml ol 2t ;‘3:1%M F
0 A|AX|ZEA| QK| A| —’|I_*—_&5,'\E%_E { CHH| 284S 7510 CHH[Z =S ALt
» E[2X|ZHAIE (Minimum perceptible acuity)2 Bl A2 25 H st —
Mol 53 M2 27iste =8 ° o QIZt2 -8:7_*—3‘—&#—’?—7% 2-4 cpd(cycle per degree) [}
o 20|7} YU T SHS| X0|Z B2 SHS UNA te da
(Stereoscopic acuity)O| 2t &
o 2 feet @O{ X X0 A 1280x1024, 17" ZLIE{E EH 1

pixel 2 1.4 arc-minutes2 A|H2 M5

15 16




=& (Adaptation) A7t M (Color Vision)
O| A

o 2o Ciet 4= HolE =& (Adaptation) o AMEHO| QMg == Ql= ZA|E & (Visible spectrum)2
o QAS MpHe = oy 400 nm (E2H4) ~ 700 nm (A A0
O™ o o [ = o
w K CHAS OF 52 ME Za|s QXR O] &2 i o Myl EdsE2 SEHHY d2*E M5t o
o e o e e R oL Aol o ngss grAtE 2 3ol 52 X[FH0| 0[S0 25
= =W A= 9 30-35% HE Hils ddHe =8 x2S e
THA o I:|EI|_ | XM 7F Q| ZHZH TpSpA K2 A
= oS M, LA ZHX|] FH7F Q=0 242 T, =5 M,
0 @TSE YTeRh 27 UL 1E B0l 2 20| ThSoHs WOl T #elof Chstof BIZket

o M (Color blindness)= O] M| 7tX| |FX7t 52 If

BN - (- -3

Al Zt 5 & = (Temporal Resolution) =Y Y 20| E (Frame rates)
o 127 BEA|E|= O|0|X| 2| SI+=F Hote A2 HzE HA| o Z2Q 2{0|E (Frame rate)= THR| AlZt & MESE&=
o AMAH = ZEO|X| (Flicker) 2Lt ZL|IEQ| O|O|X|= =z e M=, ST ER HEY 22 Y o9
AL SHA THAY (Refresh)El D 97| 20| A2 20| SPAS mEHlE 7|E
ol
ME o 520| gle SduMeE =2 =22 0lEs
o I, BLUE|Q| O|O|X| 7} thHE &= 2 KME|X| S 0 Sojost - -
72tHFolS OIX|SHA| |0, CHE 29| AFMEL 15HZ (0|58 - =
O o= r T e [ =y T L [——
10| K| & AS) 0l M 5011z (442 0[0|x| 2 HS) Ao|2] O o e & e et = S8 IME
MM E (Refresh rate) I ZEILES QAX|SHX| Xt FAoAQ OlMT £ BHET = glS
o LEHX QI |CD, CRT 2LIE{Q| ZL HEE 60Hz - 80HzES o Izl A2 225 16 Zef Y 0|49 Bys HEH T
Xae - 22 1ds ZHE T 120Hz A Aot A= US SHL=2 =7|7| W20, 2tz 24 frames/sec, TVE 25
o 2L}, ©2 A|OFZt (Field of View)O|| 5f2 C|AZp0|2 frames/sec 22 30 frames/secE 0| A2
7

8% 60HzO|M = ZE S AR |ot= MEE US
o 0@ 2 C|2E20l= 85 Hz Y EO| Ead
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QIZF MHE X 2| 2% (Human Processor
Model)

o The Psychology of
Human-Computer
Interaction by Stuart
Card.

o 1960ECHO| AFESO|

ISeeRIE
Lo 40| 3

LS T

o OlE S0, ArEXt7t
~3z200] Yojdoz
LIEFE EXol HIE S

QI7t YKz 2Y

o Stuart Card2| QIX| 2= (1983) -

=
o

E

Z
HASH| ot ERrE8F, ZEAZL B3R
4 w7

7| Alzto|gt=

o| EYSE=E
- Vo=

t J‘_ll-I-I_O_I

M O|
= o o —

, Mel

E
=
C

T

Azt ojofx| | dzto[ofx|
- =fale) e71719 | B717]9
5% 17(7-17) 5(4.4-6.2) 3(2.5-4.1) o
2aF letters letters chunks
ZEl | 200(70-100) |1500(900-3500) 7(5-226) sec .
AlZE | msec msec
HFAH . . B
e | =2 22|y | SEE ALY | ooy
EES
71 *I;.I__* 100(50-200)msec 70(30-100)msec

23

AL HHE X2 =

Ab=0f CHSH HOpLt e
HSOHEXE EdHEE

o The perceptual processor:
= w0 o YHPYEE AIZH A FHZ o|0|X| M0 MY
A2t 0l O|0|X| & MESH= AlZ O|0|X| MF1ol £

= O

mjo
2z

Azt olojx| XEmo| BY FETO| BR 17 2XY - 5, 20

ZAHE AlZ4HQl O|0[X| 2 172 XK R

AlZto|O| x| & B/ + A= AlZt2 200 msec -A[Z}O|OJX|Lt
HZ0|0[X& =2|Ho2 BYEO HI7|A40M YA4H =2
AMztHez HeEo F707|90 2&2E M= 20X HE=

e

= AFH SIERIO HIR2M, O] 22 = HIet 25
O The cognitive processor:

= 2E F7171Y0 17190 HE K2

FEMZof 2% AZhs LEIE AO| X2 F7| A2 - F,

CH2171 HAOML EME|= B 70 msecE ERE &
o The motor processor:

= B71719 (F, HY HE2)OM XHS >OtM 2S00 X|A|5H0]

AlS| 24
2
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o|ofst=%| ZotHi= g

Of HF0M MBS Het 2FS HotTA 2|

S| eEg Salid

ojg{et Fet Motd2 oL} 7|, HEH SIMET S

HEXE|e #HAE 2= QX 2-F0| A LIEHE

MeyE ol

- 42 BN CH2 MZt2 BICHEX|, OfH 242 =1 gob
H371 geio2 trtetiels a7iNoz & wopmx| R &
227} 8{1 I 29| LYB0| 0|8 7[S0[X| i CHE WS
o0 9ot Uit s 2oig ggEX 1 gl ¥ 7|%LX
oo
=

o SHE M3 A2 ZOIME X7 FOIZ J| 20k A2 B ES
= US e TE|OA Ol2f ALRFS0| SO et s
Of i AfRIO] ot 9l LIS AL merst & gled ol
Aol RolAHo 2 ¥t HEE Byl U2 25E

217t 712 (Human Memory)

o QIZt 719l =
» 253}HEncoding): MELE BE HEQ FF
= X Z(Storage): Sensory/Short-term/Long-term memory
= Q& (Retrieval)
= L Zf(Forgetting): & 2 (Decay), ¢t (Interference), 1= A Ij

(Retrieval failure)
o 3 7k /el 7|4
= Sensory memory (sensory buffer)
m Short-term memory (working memory)

= Long-term memory
dtentish

©»0O~0®

) Aehearss
Braadbent™s Malti-slore Maodel

Sensory Memory

o AlZb o|O|X| XE A (Visual image storage)= +=0i| A
U= E ojo|X] =&

= =C|& O|0X[= QIR Y

w A7|E= ~17 (7-17) 22Xt

s 2FE ~200 (70-1000) msec

Mzt o|O|X| XMEA (Auditory image storage) E2|H
A2E9| HL

= 22|" 422 03

» A7|= ~5(4.4-6.2) 2Xt

s AHEE ~1500 (900-3500) msec

O|lEXM ZA2 AZ HEEof A= EE TH7| 7|de =z
et

Short-Term Memory

o T2 7] Y  (Short-term memory, a.k.a. Working
memory)2 ‘g4 X 2| 2PZ0M scratch padd2 A

o M HS If 2[0|F O|5i5t7| 23l Me=E THojLt 282
7|odg o Aolrt,

o =2 Ne2| AZh (~70 ms) L HHE Z2| (~200ms)

o 2 8% 7 + 2 “chunks”

o E0{2| (Chunking)= B®2 1} F410| O|0] &1 A= A0
ofsl o|E=HO|Lt,

o §X| 2 HE(Maintain rehearsal)2 Z42|E gQiof=C}.

o ZHd(Interference)2 Z4|E G2 w2 A| st}

28




Long-Term Memory

o &7 7|92 YR U7X MY
o 2 8% U & %
= B7| 7|92 239 osHoz AWM YECh CHE 1Y
o

" /.32}751 7|Q1(Ep|sod|c memory) - & HE{C| O|HIE O 2 2]
O|0|2H 7|2 (Semantic memory) — 7§ ALO[2 ApA Sl GHato
TR E T &
o Y& (Rehearsal)

" TrXIE-’F 2[5{d (HtE)2 EE &7| 7140 7|0 82 2=

Long-Term Memory

o 7| 71e| HEar 2EE 37k F M|
m Storage or Remembering; Forgetting; Retrieving information
0 Remembering
= Total time hypothesis (Ebbinghaus)
S50 Y2 AlZHo| oj| HijgtL Tt
m Distribution of practice effect (Baddeley)
SE2 AlZHS ZHISH0] of B L0l M & [ O < 2atX oot
= Semantic content

oo les g2 7|9st7| gt (LSt J4S AHo] €1 QU=
o|0|A= K Aap HAF 7| [[H—-Oil)

A 2Lt THIEQl Tl = 7| dsho| #lCt,
m M, B5QU HE2 chunksE CHE chunksdt AZASHH =H] HNEE UEIWE= Tl E52 AN E mst 2o tolECt
HZ2lofM E7| 7|He2 FHELCL 0] S0 A5 7|92 7|Yst7| of ELt,
s 7|22 & (0E &0, g40| =3t HFAE 7| e = Faith, Age, Cold, Tenet, Quiet, Logic, Idea, Value, Past, Large
=4 7"°)01| o| S} 20 = Boat, Tree, Cat, Child, Rug, Plate, Church, Gun, Flame, Head
, .
Long-Term Memory Jost’s Second Law of Forgetting
o Forgetting s
= Memory decays logarithmically (Ebbinghaus) '
Z7|0= OfR HHEA 2220 LES0lls M5 22 i ® & i List 1
Jost's law — O{ A|FHO|AM F 749 SLSH Z=o| K22 =X0| [ e
Ae 42, 2=l Ao| o 9%@%?_* X &=t g B4
= 7t O[Z(Theory of interference) g ‘-5_‘ q
st ZR9| st&0| CHE FF2| st& 2 WollstHL SXIA 7= 2 IIE 1 e -
i .. .
o8l 71 (Retroactive interference): 8 4 i s "—T
= MER ZET} 7|EQ| FAISH DﬂEEl SHZ HoHels d¥o = 2510, - e
LIE0f st&st 8 W20 A stEst Mol 3|43 delsts A 2
=887k (Proactive interference):
= MER BEE U 2= fAS FFQ HZE =X0| JUCHH i
Z143t7] of2fe ZFO= QI5t0f, UM stEot LIE Mo of=of a 14 | | 4n = B0
srgehs W8S 7190t7] o2 xls ¥y Time Sinca List 1 was Laamsad
m 7|2 MEEH (selective)
fEle ('uYE £ Y Zo|) B2t 3FHEQ YHE J[ASt=
Z&o| QICt & o B2 ZHH o|HET} 7|Qst7| 2t




Long-Term Memory

O Retrieval

s 2| 2&H(Recall)
719 o5 £ oS 40 SX) gt HEtE
MEE 7|22 H MWHEICH

= 24/ (Recognition)

S80I CIMERE 7|9 E59

2
xF3 ol EHO| O|F 0 ZHME 214

M
S
o
=
Ct

#(Recall)2 214!(Recognition) lole & o 2%k X2

o oio_
o
N
Ras
arl

ok Atto| §EE &3 (Categorization) SE= TZ3H(Structure)
o QUCHH O] A2 HM(Retrieval)2 & A L}

B AN EEs HE ZMO| O oKX= 57| o ZLCt
Zt2}(Visualization)= 7|5t AMSH=0H =&2 FC}

2> oz metrg K fo

33

o 719 == B 74TV Z2] ZI9uTmez =2
o ©717192 SN 23 A HEH YEIb ALK
ZUHE s &

—
=l 7
= HNotEl 82K (limited capacity)dt &2 X[ A|ZH(short duration)

= 0| 04, 10 At2| =X}t 7
XA s =7 A | =
Q7| =tk

= J2{Lt, Chunking®f 2lsf ==0| 7tsd. MEtM, 2= O|E
Qs oo A= HEfE HEE YL M0
9805 Lt 111-22227t Q27| #& A2 EFEJE_I YEE StLtQ|
CHRIE T2 7] 7|9o| e S-S S0[7| IfE.

EIQf
=2 _
Iy
HJII'I
=2
wul
O
+

- 3

719 Q=
o T2 7192 &7 7|9ez ”EE H7(7] {3 Cthe
HHZEO| ofL|H, &7|7|91 ssHe 2 A3 XE0=

Working memory &
= Phonological loop : §10{H 7| 7|9 (F 22=M2| loop); 210
ojsol ZHX ol
= Visuospatial sketchpad : A|[Z{& Et7| 7|19, SZHIHH|Of 52
o 71 7192 e 2FH & ML
= 2ote MY 80 70| 7tk X|&7)2t

= Working memoryolAl O H2|X M2|7t LOjLi=Lfo et
7171920 Y2 ME E/dE7 SOl E

eiS712l: Q2 SARO| R 7HK| EE o+ USW? 3

—

http.//artlcle.Jmns.com/article/artche.asp?TotaI_ID=2784352

ojg{gt Eut7t Al C|xfelof 2|ojst= A2

| -

o X|Zf M 2| (Perceptual processor)
= 100 [50~200] msec

= 10 frames/sec EC} =21 A /0N AfRXWf X]0[1 QUCHH,

30| 0]0|X|E of|ofo| MO = X|ZBHA| 2 e

O

o 91X| XM2| (Cognitive processor)
m 70 [25~170] msec
o 2& X2| (Motor processor)

= 70 [30 ~ 100] msec

= HE M2|= A A0A, BRoE Bt AAEXHS 9| B2 70 msec

= O WE) GizejA] HHES Ra2x| 23
O Total: 240 [105~470] msec

= A5 Ao, BHT At ALRIS2| 2L HAE H4
9fOHLH= 2 200 msec Bt O ®al 3 = 91 _ GFoF g mo]
30£rames/second le, 33 mseq) 2= ALIGHHN 6 Zof A ELE
&2 HX| 0H'—|D1|0|*10'|=H CHe, Oa't.'_* AEXE0| HXE EX
Ofotl= Ol AlZto] S&5HX| &3

= Al HE Z0I0{ & 105 msec ROt Of | HSS == BUZ




oj2{gt Eut7t Al C|xfelof 2|ojst= A2..

e

Simulator Sickness

o Aol 2| (Eye Movement)
m 230 [70-700] msec
w K AMESHALL 523 HE = ot Ho| FHEL}
XAZ I EE E A
Zto| £7] 7|92 742 JjO|H, AHZE H sl
xto] A< sheHo| 3.4 7§o| OFO|HEHS 7|0

rir
o
o

2o

0

|5}

—

o

r
r

m]

0>
P

e ojo oo

o
[l

HAA LS ShAM, EO[0{Of|A HF B2 HAE
uest)E FOTHCHH Z8|0|{ 0| A K52}

2 X| (automated journal)E MSSiA LIS &g 5
UREE S 7 - E9|, 20|07} L0 otH H
AYE oCHH o= 2as

i)

0

o 5% (Symptoms)
= M AJHE (Nausea), 8|08 & (Blurred vision), &= 2 X8}
(Difficulty concentrating), && (Headache), 7|8l&
(Drowsiness), 2® %t (Discomfort), H X| 2= (Dizziness), L| &
(Fatigue)
o {2l (Causes)
n DE2MQ RIS OfF E U X|X| (UL}, dutH oz AT
749l stLtE &0 20l= &Y (Visual motion)1t B 22}
A 2B (Vestibular system)2| 24
= Low resolution, low frame rate, high latency= &2/
m OHE 7HHE otH AF2I0] ZA 7 gle Aot A& AS - F
HMARL 2t Qte| O|O|X|E A3 B AA=Z LiF|=0l THeF Of
BA L IS W AHEAE MM AL HAS §
7HMAO A el A0 FE10] FakZ 2

Simulator Sickness

Simulator Sickness X| &2t

31O ClOoOFAL - QOuter Ear—\\— Middle Ear Inner Ear
a %9—| E—Cé = I:Il- OI-OI-: LH Ol _O_l !_ "-‘:,Sem\cmu\ar_.".‘r _.',

Mgt 2|2 (Semicircular Roenals
canals) &, BHIE Q|
D[22 M 7t M2 A2
ko 2 H{E X0 US

¢
H

; Auditory
nerve

1o brain

™ Eustachian
tube to throat

Z7let 1 9lo| ES |

Vestibular branch
v
ular ganglia
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ozT= d2 A

o GOX|X| R=E ZMSHHM =5 22 A

o A AFEO = ALEIO| A[OFZt S TS| X LX| YR
M 2249l =Y (illusion of motion)S 1Y
RNEE — Mk OXH0)| &F HE| oA ofop ZL{EQ
HFZIE 2 ¢ A5

o 9% €2 O|FE OfFR Xo|A 80| SHX| Y= &

o Z-%52 2 3| (F, roll orientation)st= ZHE LSt =

O Higher frame rates2 &M 2 2% =S O 71/

o 2L}, lower frame ratesOf| 2|3t #Z &2 =2l D2

=
=0 €2
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ZHE (Seizures)

o Ol TVEOXA 20Tl 12Hz2 Wz otk ZejA|7F 2hEto
HoICZ S5 3
o Yt oz A X|Z:
= 042 2 light/dark #3} =& high-c
HAECHE W2 o MZo| ®7| S48 &
» 2 55| Z4&d 7HE (photo e

257ag Jo7|7

Ll- —)
0 Pokemon AtAE2 AE 2hEE 0l

ZHE (Seizures)

o G= 1993, Of L HE AFEH d2E 202 2H

r

MESOAM 28S 24 & - 2 T 380] 25s €2

o = 1994, &4 TVE AISH= Independent Television

CommissionOf| Al = E2iA| 7iE 3 flash per

second = A|otet

o Al (5o EZMS 712 O[O|X] = 3Hz Of¢ W=7

= =
flickerst™ QHE!

o WZHMS JLX| 22 0|0|X|2} i E, 5HZO| AL b2 |

deM, ®iff 2= H|C| A Y2 Ch3ut
€2 d1E= Alxste RLrt...

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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MO|UH TSN she HY UAS
ES SlsiME

FEEDBACKO| 7}% =98




Feedback$lst 47IX| Sa%t 7|&

1.

Feedback= & L& A[O|M2| 2| AS F=t5| HHHGHOF

o - &, Huxtsol Jjelmel £k 180 9He

I=| I—I 7=I '<‘5I-

Feedbacko CIXEO| L /7 XEO Al & o S| O
A2t = QLR = offOF 2 - BFOf feedbackO| RHEISICE
e =4 MaEH & =20| =X 23

Feedback2 C|X}0|L /7Ht'e*7<f01|71| S0 M2 M2
NSO 10 [HE HMZ F e = JEE BlofF &
Feedback2 A €2 =+ UALE ¢jjof ot - AOtE
EXISHM LRE 0| KL%t feedbacks H2 = UK
Hotsl =2 A

2 Common Sources of Feedback:
Professionals and Gamers

o ME7} (Professionals):
= YIE B 7|F 2348 55

= 22 AF (HY MESAE, HE AlO|H): 7|F 38 $FF, 22|12
otob 7|& 12t 2
o J3LE AY WEAL HEE[AES2 A7 S9S HF & o=

=7t US
o HEZ7} (Non Professionals):
n FAOE
oz 7= 22
2o 7|& 48 2E. 7t& 7|& 32 o -’—'?- 1717|=

= Oh= AMES (RIFLE =3 MES)0A H2E: 7IF 1,
8L 7|1F 2= O,

0122,
3,42

oY 7|E 1S HEY ZR2EEYO0[ JHRE[0] 2A0{0}
FA|7|7| olefz. WS2 ALt Of 7] FOF5t7|

o=t
/T Oa.

= ZX OE (focus groups): YUHOR HF'°“”Xf(F’uthher)Oﬂ ol

S
T E HIE0| S ok /) EHAMM A T

o Challenge:

HEE| = .

= O]H feedback A|AEIS QLSO 47}X| 7|&0f CF &= 4= 9

= Al

Microsoft Game StudiosOf|A] S} titH

O Usability research

m]

o ZH2 ME AR BE H7

Playtest research

- DT WO TESIE AE S20) ff3t ALK 3T - A O|HSO]
o AlZH S0t 230/ mf A

O Reviews from user-testing specialists

= AMEY Bt HEHS HIE

Usability Research

o X2 ME OF B 7 28 A2g HO BT0IA
e

o SH: WEEOl O S LX/YX| ZHE EXE =1,
HABAXI=0| M2zt BZ 2 Olglista, O=0] At
CIEIZN S BI0] A 0] Ofl ABE FEIIE M

o 2~39 ZHo| AN A, 6~9QH 9| ZrO{ X7} Oto|A 2
ATEZ BR8], 2t 2-A12F HE AlY S50l
A

o 9ot A S (tasks)E F7| MO, ZF EFOXt= AlZH
Mot 20| AYS EfMG = U= Tt

o ol SEu
u ZHE (comments), &S (behaviors), TtH| +=ZHA|ZF (task

times), O|2{& (error rates)
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Playtest Research

Reviews from User-Testing Specialists

o THEROE 278 oA 2 Me|so| M AlEE
o SH: YS9 Ef & (attitudes),
(preferences), 0| = (difficulty levels)at Z2 -5 Q4|

(behaviors)2 &4 &t

o Me(E7t S&0 HUE|X| (percentage)E Al 4H5H|
lof HE 27|= HuN F (9 25-35 F k)

o Z MRIEE HYS 60& Olaf EOISHES 51,
HustA #+23tE HE0 HoteE &

o 12[5t0, EHXZ0| o] A el HS FE5tn, LutA
2 ZEYE HE0 O XA FER DI EH (open-ended
feedback) 2 & = UE &
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o BE7IS2 A0HS2 =5
=8 = TAE E €2 Y

o J2fM, HEIISS HY HextS0| 8| KX 2
42 UW TOLE 4 YoH IHE 2 AU
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Focus Groups

Composition of Microsoft User-Testing
Group

o B4 IS OO ALGSL X SICH, 42 (ideas)
: = |
o 72 182 B

o —
7 NN oHdE V| o2
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Usability Evaluation Process
(AH88 B7I ZEN|2)

A8 B7I Z2M~

o X-"%OI Al.Q.A'I Q_AE 7(-|o|

w 7| 7I5E ALY RHO o) MR Bt dES EE

o

olC
: Arég AN THID HEEES =2 + YL}
« HEY X2 Zote AlE Bt #20| Ot 4 AUrt
o AMEd It REE 15
o HXE AFEXE HO
o ArEd BIHE AA
o ¥2Y ANE £
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ArEE 87t 22

o HE2 AEd2 HEQ HHAE, 7|

E23stMoz o YL

olr
Tk

HA AFSEL ACHQ|

1 — 1 O |

o 7MY B2t 52 P27 AE AR IE NEAN AFER
=E SOt M S FSHH, ol Bt S22 BIt 22O

AFgY Bt B 5

o Ch3ar 22 HAZ BotREs BHEC

[HE7t deto=5e Byt ndof 0|88 BI85 &
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EF QA=
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g2z |
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EEELEEEFEERFT
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MES 87 HE dlREE =5 oAt E IR E)

— — . 2 Ha|stA HiX|=|of A7t
— =~
o ME2 AFHEE "It THE AE, HE S, 7Y =22 2Ex] 8720 ARHSLN
L 3H SF A Ol©
I—I"I‘O'I A|<<>:|>.I °E|- T AAIE IHHEE M
I E2 e olojof Hlsh 27|17t St AS LN

1
2. =
2 Ok B2 e 2y
4 O]
5.
ZHEEA| - 6 OfO|HES XS YL 0 1 SEI} Ol AR ABLIT
a
7.
8.
9,

HYUS ME HotAs W A Y hFel =32 7|sUSR S 0|7t 7HsSIAS LI
Aol HHHoR 01T RYO[LE M2 0] ALE HIZL 2 3t=X| Of=H =&0| SJAEHIN?
H2lEol S2A EAIES 2% I =0 LOHRY|7F #HELI?

0 Aol B&EE O MHe| 7t SRSt SRS

1o AAEOIL MR RojArd S BRSO §H2 wEHA SOoE LI

2 HY S Eoloi7t &3k Ao wat Ch3ol J&o] MtE Lt dZist YL 7t

B HY ZTI0 M2 SEE Y0 HtS W UFH0| ARSI

e S——" 4 O HQe| HolEE Mt MAS LI
iz = Of0|ElS B|S3l= B} EFZAK| AMS MESICID A|7|0f EA|SICHD MZESEA L 72
JHer =0l HI=Z0| A2A AnlE C|XHol Hid &F 15 25 gSots "E AX 28= M2 = CES
\[ HE SOIE XZol AL8-8 2atE Cixtelo| U 16 AYUS Balo| SHb U0IM FEIH HES A7|of BAIE D MBI
17 Ol A YoM Zo[ofzhel W AABO|LE W AlRHO| A UFSULI

18 A0l LEtLEE MES2 E-E M2 of 210 YZASH LI
o IHEEHSR2 Yots YYoR SEHXE 28 7|RE AO| SRS
20 IHEEIE M3 e 482 ottt 7 A S U

% —— = — 2 BHOSS WA MO|E HHOSE RMEABLIL
s e 2ol = HIEF T} Z2 ARES HA A8 2 AAE ARIE L Bl 2RE L8 S BEAIELIN
2= oAl ZESHA oM 2K Het 3t 5 CFE 07 A3 Blmefa S2o| ok W0l H2sIS LR

u AE BE SENE BY 2 4 WA HAHAELIR

s TS EHE7] 7150l XY ELIR

57 % FREBEOE FE 20BN L0 UYELR

2 AQ Bt 339 Mol 4742 1 £2 Ho2 HZ0| H5AYELINR

6.
=)

Result of Usability Evaluat

o 7t 22 HE2 Fefet RS ot = US

A2 RN
=
» - . - Hardware Interfaces
1 27/33 30/30 29/31
20/40 25/35 28/32
20/40 24/36 28/32
26 29/31 30/30 31/29
27 26/34 29/31 26/34
e 661/959 748/872 756/864
SHMHE T 3.552 3.230 3.200
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Joysticks

Gamepads

o ZO|AE[2 10 O[4 THE 917|9l
AQ CIEHOIAR RS

o J2fLLZO|AElS OfS W2 B3 S
Qste AYols £HICHD HYHS

o D2, STH7|7h BopRA ZaH 2
AYHER Y7 &

o d2iLf, ZO|AE AIHHOAE A%
S

o $IR| ZEO|AE|S HI% A8 0| Mo]Lt
2% 2F AIZH0|4 SoIA Bol
AHB D U

o EA TS 27| xR Xl cpUet

Y s

CHE = 7|7

C|X| &0t o211 XO|AE]
710 ZEHE A YS o MEEAS
A2 ZO|AE2 Arm-based H|&&
ZO|AEELCHHE SEUZS 7SS

.

OO o g

m]
I oo

orry 1orim
10

24007t SAl0f Of 2

ot = AEE dAg

XS (vibration)2|
=

J
=

= T

|
N bt
o
oA po rm L=
12 E oo >t
Hin «rr
2117 ofo iy

Belkin Nostromo Speedpad N50

Belkin Nostromo Speedpad N52

CTrouch,

o FPS A2 AYmEz & Jump,
= oro Additional power
=dll0] =[X] =5 Quick save

o L2 Be 7|9 42 K
Sl

o A0|HE B8 HARH 7|EEL}
DISAE AR

o AL EIfE (Speedpad)=
O A oA AtEe

o 2% AY 7| =2|5=0t
AMEXZL AARICRREH &5
HX| == HopA e

Cycle weapons

D-Pad for movement
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o CFS MO 7171= ArgAtel
m SH0j ¥rS 3 of 3
o SAI0] 34 718 %5 4 S
o 2O S 7|2 TN 339
ZEE SIS 0f0|8 ME0] D-

L—=

PadE MEE =+ AS

o CHEE9| FPS AO|HE= 22!Q
Z2EE0|= D-PadECt WASD-
key Of&of =2t

A
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Speech Used for Game Play

0 SdUAMALES 7|EES| 7| HAMZE &= US

o =S| HE AUOMT, OH 7| HIRIG S SE5| &

o Lo HE[-E 0|0 A Y T HU 24 Y= AHEE
- 0| 0| 285 Ar8d%t= B 7 &¢

028 Y free speaking 2 AFESHALE, 2LE QI
EZ|HE WX|E7] QI8 push-to-talkS ArEE

o A|[AE0| BHES AR5t =5 O[5l{57| 77K A=
K| HA|ZE (delay)O| U2 - A, 121 FEA 1 20
2 A LM = sHHO| HHOE HAME|= A2 EEX| %S

o ZE 7|5t ARLCH= 7|5 2= AO| WE

o A0 X[= HHel HH E2

O eg. Red Alert = H% ™A, MUY 7t F7] 5T,
49| Bta= flot £4|E F7t e

Essential Reality P5 Glove

O

O

o MM BALK (emitter) 7t
o

o

AN
ZtHEtE 3K QK| 2t ghak
Mol Hie M

JdefLt, ol m|Z (guerilla arm)
=0 52 Ol AHESHY| o2&
7t AFOM 2SO AL IS
oI 2 calibrationO] 22t

1]

o
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E-dimensional Stereoscopic Shutter

a
a

a
O

Glasses 9 @
104 O|& EMUE 7=

Field sequential stereoscopic at 60 Hz
(30 Hz per eye)

2 MRS WAL HOZ 0| e SIA
7O SO|Lt Mol HAMN| 2t +=417| &
0|85 M 57|t &

HE Jeis Ho:
= ESH RE5SH NEHMH W
» FFE O2[10 Y 2 swap-buffer

30Hz = HE =& - flickeringO| O

oo | A”IO|M AMESHE A2

120Hz (60Hz

= 0|0j= &

TefmFHE of A

ﬁEﬂa_ilsa C2t0|H A
o




iPhone & iPad

o YE[EXA32Z 0|83
B %]t Alo] OlE{2M H 2

o Fhuato] EaEE A2 O|Lt
HEC £ QAN Cf
IS

0 BHMN & HEE MAE
0|235}0] 2faio| 7
OIE{HUN X B

o CIXE LHAure wet
K 23t0] GpPsel Z 3t of
QUX| 7|k MH|A(LBS) T

o 1 9o ZEMAe 2
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Wii Remote

o HEE wii 2274 Y79

AEE 2N BM MA BX| .
o ¢ 22E Mol 4

= 8/ CIXIE HE (AB - + B 12 T8)
CXE D-E
3% ADXL330 7t& & AN
PixArt 2 AlA
=& MMHHER#HZ RVL-014)2%
QIZEQ| R 7HH2tE 0| 85t0] F&st
OIS ZHX|
= 72 r0 A HE 7S HS

=252 HEYA

| —
o T8 7/ls2 MY HAlL Ma2N Q4
ol It O|E

Microsoft Kinect

o 7|4 E& XBOX3604t 3D Depth Sensors
Windows= ¢/et 24 M4
SR EMN, MAaXet =2
=4S QIHAMM O 2 AFE
ts

o 7|9E Mo 7y e
= 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 7

Criteria for a successful hardware
interface

o O] St=Of QIE{H|O|AF AHESHA 23HFCt
= H2ARl0] S0 & =+ UA=E diof &

o A0IH= HRELE A/} HAIZE S2H0]

Z7oz & U

o oX AAEED A= BEES 7|7| 20 29| 2

SHO| A0{OF &
o 71719 7tZ0] 28t-50+3 HEZ Xl of &t

o 7|71 O &0|2 ARESte A0 & HE =+ /s

Adet Z40|of &
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