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Abstract

The visual elements of a game play an important role in increasing player satisfaction, and map design in particular

serves as an essential evaluation criterion. Developers must implement optimized maps that increase immersion and are

free of errors. Recently, as the map sizes of games have increased, the complexity of map design and testing has also
increased. In large-scale maps, errors such as crashes or map departures are more likely to occur. These errors can hinder
player immersion and reduce satisfaction. Therefore, effective map testing is essential to increasing player satisfaction.
In this study, we propose a structural grid coverage technique to analyze the effectiveness of map testing and present
effective applications. We experimentally show that we can analyze players’ field of view and movement paths using

structural grid coverage. The experimental results show that selecting an appropriate grid size can simultaneously
improve error detection and player satisfaction.

M keywords : game map testing ; map exit errors ; structural grid coverage ; grid size
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int 1i;

int sum = 0;

int product = 1;

int w = 7;

for(i = 1; 1 < N; ++1i) |
sum = sum + 1 + w;

product = product * i;

O J o 0w N

(Structural grid coverage)E #|<Fshc},

T24 aeE ANGAE VFoR HAES
s g A B Tes wew ae
A} o B ool dEs} Bas

F2A 2= AW P 17 2004
Woli= whe} o] LEl= welw k. A9
H2EE WS ool HER o FA7|H HAES

?5(];6]-1:]. 74]%]' I:ﬂl /\]—oﬂk] tﬂ-Agzﬂ- Z= O]L‘ :—’LEH
At g olg ole flo] ool HET o FakH,
Ag 2ese ANAdn /S T2
qEs AW A VEew Hagd Av (7]
M 2els A4S + (A L= A4 x100
g @ HHE Koo FE) HAE Fol

100%0]2hs e 719 We] BE g HAE

20245 122 ADLED|C|O{XN Y 175

SesE A Relhe A
s, aecE Ba ) das ol
aelsloF & el ek

AS) el Bl Q) We ol
AR S0 bl 4 glon], 1Y 2604 1
olAflel uEE: Adgew Y

o

2 o o
Nl
L

N
N
- —

MU o
&Im
1o,

o

ol N

go to m tn
Ac)
N

> 2 &

g‘lﬂlgglo

DE o

o 2 o

e
x oo M
1om10%
WEL

oy X

_&ﬁ

24_,_'

E?IL‘E

Bt

NE

)

ﬂlL

2 U

o N

po)
o
Y
o

¥ # Korr oo
I
vk
[

w2
N
N
AvS
-
riu
o
jo

aqgom dv} 7| EAH o
o o] HET}

>
s

2 o
>,
2
K3
to
S
N
58
dlo
=2,
k1
i
rlo
Y
=
XN,



176 20243 122 AOLED|C|IO{ AN 'Y

. Obstacle

[ visited
. Seen
. unknown

42 oAl

a7 3 of M oM olo|ME ol

HAES B9 5 ke HEe )
. S]] 27F A A Aol A 2
e AW A A A0 W 3ol =

AN

Foqlthe HEe ANE 5 Atk
aEe] A7l we 9 AHES 9]
A3 e Fl ML HEE B aels =)o

m{m rlr

e HAE Ay

Aol M= 3Rl AR A E= A
Aol A8 W e A s A7)
e AY {24 daE dde® Bl £
AL AT doHES &Esto] A=
Bl 2" k= PathOS[9]E 7|Wte 2 = At
olo] A= Mol A= PathOSe] 29 $H74 A&
Adrgstal, AW e A 2= il uhE AW
YA 24 AIHE HEdh

1. A% 374 A%

of o]

Ao} H27),

QIETE] Bl

*aza
Sol AAsel A Abgre] Aol o] Fah
% o

7)ol w2t g AW A 24
A7} S #9157 94 PathOSE 7]uko.

£ ok i U
o I ) i~
m 2> o

o
[4 0
o,
o
-4
[.4‘9{_:
_?L
8
XL
-
oy
=
@)
wn
(i
2
>4
[
é

re
{12
oo

e }71 Skl m54
TE 3] HAES Hasts]).
HAE = of| o] A EV} o]5dh= A&
CAEF M= TS

o AN} FABES of

i\

°
rﬁ

¢

it
>
02{:,"
o
=

°

oL

™

oL

l_g )
o T o o

N

N

e
32 o2
oo
[

N o
[\]

Lo om Mg
N
_\‘;1
rir
2
o
r>~1
m
o
ox

2 o
Lo,

oL 32
M
o 2
N
Bk
=i

>~
it}
2
>

Lo X
S

juie
2
o,
>,
e
&
o
=
ox (M g oft

>
oy

oo ot = i
%
o
=)
N

il
°

e o
(0

|

il
il
R o

rlo

3, A2 128 = WA(GridSmall, 83x83)
£ WA (GridLarge, 43x43) Ao & %% 1
g = AWAE ALtgi.

GridSmall/Larges A3t <tA+= PathOS A&
sk 71 a8= A7) j&olt). GridLarge:™
pathOS7F A|Ask= 7|2 a28= =A7]olth
GridSmall> 18] = A7|& o] HES] 7}&, A
2 A7]olw, o] AL 7| el =29 058 & ot}
B~ E+= GridSmall/Large 7 714 744 2}

7} 50WA AlEdol s =8 W E ATk
% 3L 928 =R FREeh, AlE
golds ¢ A3 vepd do]HdES] o] 7
25 A7 adolv. HZA® g W
L

Aol A AL A WO it
= o) 2Ee 99l 79 270l it

—Ll
2,

=4

S Z HE AV B A, Uit fie 2R
@9 T AV 2o BE HAagS s
T Atk 2" 2= 798 o] Al sk el A
&= (obstacle, w7), ol o] A E €] Alok(see, I
&), AT o (visited, 2%)3} ¥ G4l o)

(unknown, F74)& YEALE 2E]= AW A

= ololdES o)k EAHE 254 1

Yok AA A o] vjEm ALt ¢ .



GridLarge

GridSmall

Obstacle 17.11% (28.61)

9.39% (8.87)

Visited 22.53% (78.54)

13.55% (34.12)

Seen 36.56% (117.80)

54.02% (196.50)

Unknown 23.80% (380.59)

23.04% (380.59)

460.08s

AN
(44804.18)

476.86s
(17686.34)

E 1 GridSmallZt GridLargee| "o (225 ool 7t

=)

rlo

é
80
8
o
(]J (o)
60
©
-E’ o
a0 T
o € g
& T ) _a_
20 o g ==
= 1
o 8 8
0 i 8
Obstacle Visited Seen Unknown
[
80 8
o —
e —+
€
g 40
: i
20 T g R
—— 8
= I
0 8 °
Obstacle Visited Seen Unknown

% 4. GridSmall(%))=F GridLarge(otzll) boxplot

2. 4% A

% 1o A9 A%E 29

ARAQ A9 AE 1,
=

3} GridLargeE WAS

ahe] Ve Aol

1% 4% GridSmall

AEE AR

f 84

=
[e]
boxplot 2. & A]7}3}3k 7l o]t} boxplote] FHES

o] AE 2] Fpvelrt HA =

sholaha ool W

e elel 4gg Holth TN B % 9o,
qe)= 277k gebgel wet g A e 24
o] Aol de e givk.

= - =

20245 122 ADLED|C|O{XN Y 177

Obstacle ol o] HE7} A A ol A ©x] 3t %
o =9 v]&S Yelt}. GridLarge?t GridSmall
S ¥ ), o] dETE 1A% FellE o
ztol7F A& @ele & vk GridSmall®] ¥
T 17.11% %2 GridLarge2] 9.39% 5.t} o1,
ol = o o] M EY} GridSmallol A o B2 Fol&

B2 322 ou| 3t} B3 GridSmalle] #

o
AHE 2861 % GridLarge®] 887Xt} =n o]

& B E Holt
Visited:= olo| A E7} o)A WHE3H

H] &S ou @) of ol oo dE

N

o,
o U
Mg lo

]_

Sk 74 2 9] U] &2 GridSmalloll Al it 22.53% =
GridLarge®] 1355%X.t} A uephdtl o=
o o] EV} GridSmallol| A o B AR5 T4
P& vl 53, GridSmalle] AR
7854% GridLarge?] 34.12K.t} =1 o]= &4
¥ ARo] vj&ol| wjg- vheFetA st ol
S vebin) ek GridSmall A Aol A= gAY
el o] W-s/do] ¥ =i, GridLarge 273l A=
Bt o n2A FEgs g1 4 Qth

Seen o] AETL Alof Yol A &A1& HA
o] vl&S Yepdth GridLarge®] Hitol
54.02% %=, GridSmall®] 36.56%X.t} =t} o]
o o] A E7} GridLarge A4 NA ¢ HW2 W
2388 HolFEU  GridLarges] W
196.500.2 GridSmall®] 117.80E.t} =4
v, gA®] 9ol o Wi ohdstA EEst
RS 9rstt), o] GridSmallof| A ol o]
o] Aokt v AgHA S yERdTh

Unknown- olo] A EZ} mjeF s AL &1}
A xE el HE&S ougt) o] &A=
GridLarge®} GridSmall®] Hto] Z}7} 23.04%
o} 23.80% % FrAFeHAl WERY, clo] HEZ} §HAY
kA gk FH 9] v &2 F AR gl & Aol

7F s Bolsth 28y GridSmall ] 4R

o

oo e

b Lo

I K



178 20243 122 AOLED|C|IO{ AN 'Y

0 200 400 600 800 1000

80 (T
70
60

.50

El

40

g
30
20

10
[

0 200 40 600 800 1000
Time

12l 5, GridSmall() 2t GridLarge(ote) AlZt 22 &

1Y 5% GridSmall®} GridLarge] A]7F
Lolt}, GridSmalle] 79 Hit A8 A
476.86%7F 2L U3 FHAaAH 2070% &
Hxb= 211.67% 9]t} GridLarge®] 745 At
8 A 460.08%7F ALEAI HAA
1811%, ¥ WA= 13299x0|t}, &5 ¢

S o St A GridSmalle] 17.17% ¢ Weo

o B

oo B AN o T

B

]
]

—_

3. BA 9 Egs
boxplot¥} FX%=5 43 A3 GridSmall¥}

GridLarge & W 2+z} Aol Ak 19 6
£ GridSmall¥} GridLarge®] olo]dE7} WS
gast A2 5 AZFsA1 7] 1ol t), GridLarge
o A
o}

[e)
3

o

A A|7bo] g@olxaL, HolE AlET}

M 9 A7k} 4k W, GridSmalle)
Z7h2 dlolE] ZIES} oA u), of

o

o

1 HL

Lo

3% 6. GridSmall(®!)2h GridLarge(otzH) o 0IME BHH A=

= HAIgE A& A9} TAA Fod SR ol
o)A O AIEE A o] Zhs stk ey HiolH
A ETF 1/42 Z01E Flo vls) A PA17H 1/20
2 asA FA 5T A
AEE A AsA71A] FE=thH, GridSmall=
AW YA E FSHst= Zlo] F83] Helrh
pathOS 7|2 18j= =7] AWEAR H2E
ol FHETH, Rt AvA Aol HA
9.89%0°ll A o 36.56% % AWM A S E&0|
A S AP A BT 36% F7tsheE
Zojty, AW A ot o5 HAEE
= DS A A8 W] e x4
| &

of 2070 ¥ & HEshH= A

| Blaglo] 24 &

Ju!

3

T .=
o (B XN T

g oI

sttt GridSmall®} GridLarget™ 7} A

O 7 8756%9F 92.78% L7 HEES

Grid Large”} ¥ o4 AW e &Eo| &

s 59%e oRHE HES AnHo=m
¥a)

GridSmalle] o &
o

9 EBA Adbs dubE]l A HEE A E
ZEE 7 s B oo, e Al do]HE
AW A 4 Al AR 5 e daelE A8
AT Toll &8d 5 vk 9 A AelM=
RojF= Ay o] pathOS a5y



2 =wdAds A B
7 A FEA W ARG FRA e
AW el A g Aokeln, AR Fa) 1= A
] =

rlo o\ d
)
_0|L
32
ui
T
e
&
o or
Iy
!
S
X

o
rir
X,

o
2
=
[>
o

=

o3
o

i 2 g
lo
K
=z
L)
)

1 A
o

)

fll

4

30,
S

jule
2

o

rr ndt

)

i

-

¥,

b ot 2 oo ORI

AL

I
=
R
=1
_0|L
£
=2
o
r>~l

m
N
=
any

Y

il

i

o,

ok

¥

3o -

rlr

N

=

= §Y]

ot

o ‘;‘

H -
it

e o e X I
N
(o]
o,

oo Hr

N,
o2
o
o
‘l "
o,
O
o,
s
ol
%
2
I,
[
JE o o i
Moo 2 1 & o

s
o
%,
)
A
il
2
ok
ol
ol
M
O
o2
o
2
o —Yi

>
30,
rr
N
rE
o

o

=2
i
ok
-
%9,
P
o
o

=
o

lo

N¢

X

oty

il
it

H

X

o oS

8o

o

->|3 -
i
S
>
=
o
jur]
=
B
ok
po)

_

REFERENCES

[1] Lavoué, E., Monterrat, B, Desmarais, M., &
George, S. (2020). “Adaptive gamification in
education: A literature review of current trends

and developments,” User Modeling and
User-Adapted Interaction, vol. 30, no. 3, pp. 401
- 425.

[2] Lee, Seyeon, et al. "Mobile game design guide to
improve gaming experience for the middle-aged and
older adult population: user-centered design
approach,” JMIR Serious Games, vol. 9, no. 2, 2021.

20245 122 ADLED|C|O{XN Y 179

[3] Gerling, K, Mandryk, R. L., & Linehan, C.
(2020). “Player Experience and Game Design in
Health Games: A Systematic Review,” JMIR
Serious Games, vol. 8, no. 3, 2020.

[4] Toups Dugas, P. O. Lalone, N, Spiel, K, &
Hamilton, B. (2020). “Paper to Pixels: A
Chronicle of Map Interfaces in Games,”
Proceedings o the 2020 ACM Designing
Interactive Systems Conference, pp. 1433-1444.
2020.

[56] M. Schmidt, N. Nassif, D. A. M. Zaidi, P. A. F.
P. Costa, and D. B. Youssef, "Inspector:
Pixel-Based Automated Game Testing via
Exploration, Detection, and Investigation,” 2020.

[6] Du, XX, & Wang, X. (2023). “Play by Design:
Developing  Artificial  Intelligence  Literacy
through Game-based Learning,” Journal of
Computer Science Research, vol. 5, no. 4, pp.
1-12, 2023.

[71 M. Lopez, B. Olsson,
"11551201_21," 2021.

[8] A. Ecoffet, J. Huizinga, A. Lerer, R. Wang, and
J. Clune, "Go-Explore: Complex 3-D Game
Environments  for  Automated  Reachability
Testing,” 2020.

[9] Stahlke, S., Nova, A., & Mirza-Babaei, P. (2020).
“Artificial players in the design process:
Developing an automated testing tool for game
level and world design,” In Proceedings of the
Annual  Symposium  on  Computer-Human
Interaction in Play (CHI PLAY ’20), Virtual

Event, Canada. ACM, Nov. 2-4, 2020,

and S. Carlson,

X X2 7Y

ol &E(E=3)

20199 @A A nE st £

2024 Fdrheta e TS
A} A st

<FHAEF L AYEZRIaHT, A

A7

1l

¢

Vv

SX| o (H 3l 8)

20144 o] shol ey 8k 7] 37l ¥ 5}k
shah 29,

20009 A7) E AL A
A #9.

2004 @=rty)Ed AAbehy

=

i
719 SW H 28 2 AF, AJ2E Q3 AJAEE>



