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Design and Implementation of a Three-Dimensional
Map Interaction Engine for Educational Game

Software

Abstract

Traditional online learning platforms and question-bank practice systems usually
take scores and answer accuracy as the main form of feedback. This kind of feedback
is clear, but when students repeat similar exercises for a long time, the learning
process can become monotonous, and their motivation may also decline. Compared
with simple question practice, games can provide goal progression, timely feedback,
staged rewards, and a more continuous sense of participation. These features make
educational games useful for improving the learning experience.

Focusing on the problems of fixed map structures, limited difficulty adjustment,
and weak connections between learning behaviors and game feedback in educational
games, this thesis designs and implements a three-dimensional map interaction engine
for educational game software. The system uses a node-based topological map to
organize level paths, and presents routes, nodes, and level entrances in a
three-dimensional scene. It calculates the learning ability score according to answer
accuracy, level completion rate, learning engagement, habit score, and penalties
caused by wrong answers or timeout. Based on this score, the system generates level
maps with different degrees of complexity. In each level, students answer questions to
control the vehicle battle. The answer result will affect attacks, health deduction,
rewards, and settlement, while related learning behavior data is uploaded to the back
end for later updating of the learning ability score.

The implemented prototype completes the main processes of adaptive map
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generation, question-based battle, reward and achievement feedback, and learning
data uploading. Under different learning ability scores, the number of map routes,
Boss nodes, and reward nodes shows clear changes. The test results indicate that the
proposed method can connect learning behavior data with three-dimensional map
interaction, and provides a feasible implementation scheme for personalized learning

paths and game-based feedback in educational games.

Keywords Educational Game; Dynamic Difficulty Adjustment(DDA); Learning

Behavior Data; Unity
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G e L RACIMALS " B AR, ARy ab PR )7 51X — B AR —F,
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4.4 EERSS5HEZE IR

MEFEIC B J5 o difficulty config 4E47, Unity W73k 46 B 38 i /api/game/difficulty
KA difficultyLevel. studyAbilityMin. studyAbilityMax Fll description 27 B, i3
AN A P X 8] 5 50y [ e, 11 DA i ik [T TG B g o IR B 5% P DAE R B S
AR SMEIX (], KRG AT DIEAME S Unity 27 b 55 (0175 150 5078 M R mes
FOA W AR B IE R AR, [ e G RIC B A 5 B ) EAMRZE R, T4sE
2] BUE KRR IHEAT AL LG WA B T 508 2 I 4B 2 5 RIS . Ak B B ank

4-2 FIT7R .
% 42 HEREFTHE

FB X wWIHEH
difficultyLevel X RYA7 Unity 175 3K @ 22 152 B 95 50 55 e e P
studyAbilityMin 22 7{& N IR ST 122 M P 3 FH ) B 2 M
studyAbilityMax 22 f3{EH IR ST 2 M R FH ) e 5

description HME P2 A T 5 & 4Er A i

45 FTRNEE BRI

A 5 A Hh B A 8 T Unity 267 st A M@ 48, 5 o AN B 22 26 B b P 4 s R 2R
ARG ARYEH P studyAbility 78 1-100 Y5 Bl P VL BC J5 3 difficulty config, 5 22471
difficultyLevel; Unity FRARYE 2 ME BEAS A e 500 7 1 b I i B 93, I A2 AN b 58 1 s
[IBIGERE . T R RAL . SRR B AN 23 (AU B PR A e 12 VT e I R LA B
[Fi BT % B i o ¥ 2 TG B 0 RT R M o R A P S A R T ekt RN G R T A

IRV R, JFTELIRA I R AR S R 20003,
3= 4-3 WEEREESHE

¥ & X witHEH
difficultyLevel JaufiiR [BI X BEARY AL JEFE Unity HhPIFECE A H AEE
roomBlueprints  Hi & 51| i B A SE SR — B B9 B R VO R s [R) S Y 20 R
S e e L I=
min. max gﬁﬂ HRABETRS L 25 )t PR RS i 24 55 e 2

N :%j_@‘ﬁ N . Wk e LI S . (‘ l%f[? e
roomType i ]2 i%ﬂi E ) RS TEER . Boss BUAK B AL

columnGroups & HIIRAE I REEA SCHEPRAT T AN T IA T S Wy
allConnections 17 i 202 5C H DRAF T U AR, SCHp b 3l I A s R )

i P P 32 49 SR FH i o 3 S A 67 + Uity e B B2 R A 7 U6 difficulty_config
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FH R B RS 2 JHE X )X B2 difficultyLevel, Unity % U 25 AN [ difficultyLevel #
# ANF ) MapConfigSO. M B & S /b I H, 0 SR LR mi 9 a5, s i
e B s IR A s B Boss 9 RUFI RN Ao IXAE I Bl B R B AT DLBEE 77 SRS AR
e, AR 58 4 AR 7 s P [ 5 B LRI R . PCG HRWTFT iR s, WAL
TERA R ZH A EH e, Bk A 252 B vcrt B AR FOIRES B R A0

RPN E R IE B E B I AR &5\ roomBlueprints 25T HECR VG,
FHE min M1 max Z (W FEVUAS AT e, BEea®AT At RS EALE, P
A columnGroups .

P 1A1 2R A 7y oS, SR Gedt i e LU AT BEAL RN &5 S ke k. 35— 21— O B OV 8
Plal, kbt NI G S 5 BRI S B e —FIBCE N Boss Bila], Ak iblE
SERLRAMR LS s oh IR) 2 U AEE A S 1) L RS 9 s TR AR US55 1) 22 8], AR ¥ e B B A=

o AL BEA T IR AISE IR, thRg I I ()55 R AR AL n = SRyl Bo i) 2 5
* 4-4 p5lE1 3R SR B MR ARG

1 CIE i i H AR iR BB H AR REEX

i pEE  MinorEnemy HMERE 1 Bembb sk, & ARSI
figcf5E  EliteEnemy HEE 2 HHRE, EE LA
Boss j5[H  Boss HEFE 3 KEEPRAR, TR BCH bR
RE 5] RestRoom T H PR BT s, TR 2

PRSI 3 T OREH ] T . RS0 allConnections PRAF T3 S04
KA, IFEANLES 2 AL . A I LRI 75 2 2 I 25 F . — R R IG5 3 2%
RO 2k 5E AR, B BN Rl R IR R S8R, R
BRI P EU A5 BB . AHOC PCG WEFC i, R SOFANSE T e aRtpl,
11172 BEEAEBETE FARATRILIU 25 R 22 e n] F e 000 I3] - B 58 SE B s i 19 50, Unity
SARYE 2 R AL E A allConnections FIWr H AR £/ Ak, I ORIES: > A4
i HE 3t

25 (A A SR R A% S T A RRIN A5 e 1 o i % 2 B L LU ASETR T RS2 K i
8 NWRIIRIEASRA RN xaee TRIBEEN dioyizonarr NIRRT
GRS VF

Xi:Xstart+1 X dhorizontal (/A ?_Ft 4.1 )
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B H IR AR A , HlEBE A NG DA E 7T
Zgolymn=columnxd e, (2 4.2)

Wi R, REGREEK . EERE . WARAMEEEES &
Ho P A BB A . v S ST AR A BRSO . AN ST KR, Unity $7 SO IX SR
FEAL P LI it ], 3 SR R TR A I AT IR A 1 Hh A8 EL AL
4.6 KB/

ANFE T EX A WS AR B G R G SR B AT T UL . B0, RS
Ry R, WIRG T Unity DU Spring Boot J& i MySQL 38 ZEAI Vue & 5
B RS 2> L, Yo T R Geis I /1 5 o 23 B AR R A 07 258 e 14T R 2R
MEFEMCE A ORI 45 R PR S DR . R, FISEEE e, &t 17 %A
M BRI ERCE AT AL RENOG R, B ARk g R R
1 1 5 5L 25 T 3R

FEROBT 7T, A R UL T A ST L A RS G 3 [ A v
AR Ut B A B 2 0 ST R ] TR 2 AR B I R . DGR SE LB L
FEI RNl 455 SIAT A AT BEAL IR RE T PIRAS o M P2 WS ATLA AR 4f5 7 S (B T e A
[l RE RSO, Rt — DR w0 H e . M PRI R B . Boss 1 s RISl T 55 0 A 5
T s U A BRI 4y SR L TR DG RN R AR, [ R AR TE IR R
SJHEARIE MR EI B, AR R — 5 ZE R O R L

AR B, RGO ST ABIERE S AR — Y
b P AR il H S — S5 R R 1 RGBT E R R SR T S5
AR A
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FSE RYSW

51 REXIMIFFESRKTS

FGE SR 1T e i 73 B AN A 5 A ARSS & 1077 3. Unity Bradim 01 5t 5u 5 ml
SR S s B B 2 B AN R s Spring Boot J& i 01 BT IAIE L L
HMEFE . PEREER . FIME F. i H Si it 1 MySQL Hdfs 2 11 5t R A7

FHAE: Vue BEG G M1 RANBYET MR 04T Z5 IR TTRI 73 5k 5-1 s
*® 5-1 RGSLIIRTRXIN R

H RSy FEEAR SEPER Bt
RPN NS PR i %
Unity Bi53#  Unity. C#. HTTP JSON ﬂﬂﬁ!ﬂ“‘ﬁT BRI, SR B S
H] 2w
Spring Boot /5 Spring Boot. REST API. Token A tAiE. . XMEEE. “FJME. MGt
Uiy ik [
MySQL %4 = MySQL A BH . 858 g £l

Vue EHJ5H  Vue3. ElementPlus. ECharts — PEZES. MEERCE. BiXEH. St

il B L ME, LIRS R S AT R B B R 5 EL R
5.2 Unity Ft3RimSE I

Unity Jt5< 0 [l 58 “ 86 S\ IE—HE 5176 26— 2 0 25— 15 fl— i H i = —2
PEIE20 7 SOl AR . BRaEM G, Unity £R1F token Al UserData; #3E N #%
Rl i FH /api/game/difficulty 3K UM BB &, JF R4 UserData 11 1) studyAbility & 3%
difficulty; P& )5 Fl/api/game/questions?difficulty={difficulty} SKEL# H 5%, FTih
B RO . Buadm ImAR A 5-1 B .

i Itz IR R 5-2 Fior

2 SEIALE 50 5 O B AR FH I X A8 LRI, XREMS AT SR 5 14T 9 [ 45 ) O o b A
T AR AL [ 8 T Unity AMUGRILZ s A RBE. BURF ST EOE
UBGBUNEE: E - WETS S St 8
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Unity Bt Ris ‘ SpringBoot/g i ‘ MySQLEHEE |
BROEM
T eI ERR
HPRE
PN
token. studyAbility. level
* ------------------------------------------
REVEERE
18 difficulty_config
HERE
R
difficulty FZ&
‘- ------------------------------------------
1% difficulty 3KEVRE
&if] questions
HE7&E
e
QuestionData
‘- ------------------------------------------
WET RSB g
HEFRERTRT IR
FREER. wAgit
BITAPRES
‘- ------------------------------------------
Unityin R ‘ SpringBoot/5 i ‘ MySQLEERE |

5-1 RImERIZN FE
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# 5-2 Unity ITRimINESLI TR

ThReA R 155 FH 2 O B304 SEPL U B

EoxyEM  /api/auth/login. /api/auth/register 3KHX token. studyAbility. Z5ZF1Z85

MR e 1% /api/game/difficulty 4 =2 7B VLD difficulty config

EIEYIE=4 /api/game/questions SREOGT B2 8 H 2% 47 B AR = 2%
AT Boss RIS A%
L H %2 QuestionData FR A R AR A I Al e et . 2 T BRI e 1

EAEARIFERS L DI, B, & mAE SR
&, JFdER S EAR

Rk [ fapi/user/study-ability B2 R, R

iR 4h /api/game/result

/api/user/level
Ak /api/achievements. BEE I (A7 L
/api/achievements/sync
A it /api/questions/stats. AR G, SRR G R R

/api/questions/attempts

5.2.1 HbEACE BB

Unity % {8 H ScriptableObject {7 EINC B, IXAFEAS [F] X RS AL 1) Hh B 45 4 m LA
BLEAER A Fh 4. 3 RIC E 1% 0% 5% MapConfigSO, & 1R 47 £ 51 17 4]
W, B BT SR I 215 B YO N o (] SR A R

RoomBlueprint FH 5 i 18 5 51 37 2119 4E O o 350 H o 55 8] 25 28 M 26 5 A
RoonType, IESCHGE—FRN “HiaZRAL” o XAk ECH T HRL, ©RRK
& ORI SE . KI5 Boss b R ARG 55 1] .

i3 X EC B 75 2, Unity AT 2240 R 51 B0R T i B0 B S AEAE A AR A
J5 3t difficulty config ¥ 5E 24 AT ME BE 447, Unity FiAR4E difficultyLevel i% 3 % B ff)
MapConfigSO, MM “ % Sy EBIMERE” MR, A X SR (1%
Ui GRS AED . KR PCG BT “AERUNAI S HE ] T A A 27 1o s, e
T )5 SR 2 SR A 1 b P £ g o2,
5.2.2 TR EE RS

FT AL AR R AE Unity AHLSE . RS0 EEE 24 AT MapConfigSO J&, 2% %13
roomBlueprints, R4 min Al max BEHLAE A FI T R BE, HAESLBIAL G 1T SRR
#| columnGroups W' BiJ5, REILWAMHLYI K RELEL, HIEELRAE D
allConnections H1. M LA AR L, 7 mixUh & B 8200 Roguelike 8¢ R ERIT
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HA T, ELBRAM X BAR,  [FIN R FE (L 2 B 2Rk £ 0 B 2 AR IR 04,

AU AR, P AR Se B B @ s IR], KB E N Boss J5 ], i) 51
R 8 T B N 3R A 88 s 1) R D IR RR IR 55 1) o IXREALER DA, B AT AR
JTBARH T st Nt ], et B AR A — AN BB I 2 1

5 2 AN e Bl AR 4 {747 . allConnections FRIEE AL 4145 SiXt &, 18
Fe 1% AT LUE R] R — 2075 m . HBPRITE BUI,  Unity fRAB PR REHIERE: i
s AT, I XA SR R AIWTT SR AN M) BV N o S DU R £
Gy S, RIS 3 G B oK LB B B R TS R
5.2.3 BBER SRR

R H I T H B 1A) 2R AN difficulty FE RV E . ol by A] 2 ILICACHERE I H , ¥
e s (B DU P 5 BERR E , Boss b [RIUCHEC B MERE A H , AR5 AN H o Unity
BENAR S G, 85 1E F /api/game/questions 3R [B] FRAE 28 82, FFF2 B bk 5 e
HH .

R EEE R II it IR ] 7 R sl A58 TG VE A E SR BRI, Unity i
A R AR R A ORI o A b 50 TR R 4 R dlifficulty CRAZ AR H {3 B0 5 B A 7E ) 4%
SRR R4k 2L e B R IAURE o TEZRRREE CRIERE H WA T LS B 4B, AHL 8
P U PRk B A R 40 HLag FE AT R
524 T RIARSHERTEN

I =0 7 LTI 1 D O 1 23S v L T B e ISR S e M/ S A R B
currentPlayerRoom N7, R4t R SRV SIHE NS — B A aE 9 s Bk se RN 15 jUE
currentPlayerRoom 2 ¥ %9 s, 5 2L Al s [l HH allConnections H [ T —4 1
FARTE o

ZHLAH AT DLORIEBo 5K % B 1 B A2 i AP HE T, 8t Seid /i BT 25 ELEEHE N S 2
Mo MFBFHP, WRER. FHME. S%. RAAEEELSHA, S
/api/game/result. /api/user/study-ability. /api/achievements/sync. /api/questions/stats Fl
/api/questions/attempts [F] 21| J5 s X% H 7, Unity W PlayerPrefs frA7 A<
ESA A E TP

I RSN, Unity Bo5< v RERE 76 B BRGS0 BRI SR 30, i Re o0t )
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AT N S B0 PR IE o 1 T A A B AR AR P A I AT, S FETC B L R N 2 2 )
28 L e R AN RAE, AT IR 25 7 i B R 55 i 2 T RS 4
5.3 Spring Boot [5imSEE]

Spring Boot J& Ui 4% V.55 BR 37 5l 43 A IE R T ek 45 SRASEHL 2 {8 5 S5 A e |
B R, B SE R B S AR, JESE iR 9] JSON WA, i

F success. message Al data R n1EREE R . $Ean(E SRS EHE.
& 53 EImRMIEREOSLIHR

R #®0 BRI SEHLTIRE

- . : . . M IE IR 1 R
IIERE R /api/auth/login. /api/auth/register =~ POST kigﬂﬂ}lﬁ‘ﬁ[ token AR

[AR

TR 21 /api/game/session POST PRAT A2 TH R P R 2 1 s

U 2 B3 2
NS ESEN /api/game/result POST iﬁﬂiﬁwﬂk AR
HMEREHC B /api/game/difficulty GET I [8] 5 JMEIX A AT difficultyLevel
L JEE AR /api/game/questions GET ¥% difficulty iR [R5 H & H
2F I E AR /api/user/study-ability PUT RAEZ P o [F 2 () studyAbility
SEAEI /api/user/level PUT RAFE R 2250 I 2] 5 HEUE
LR R /api/achievements. GET/POST BEHRIHE 5125 Fi P et
/api/achievements/sync

i 5 %t /api/questions/stats POST T A B 22 R B E AR

AL %‘ V‘/\\ é:': I:]‘ ‘j:
fHE R 41 /api/questions/attempts POST Eﬁiﬂ{/ﬁ RIS BRI
b 4 5] /api/review/sessions. GET/POST Al 18 vk 3t 35 H0 2 ] 5 B

/api/review/questions

e S S AL R S BEAE T DR AR B AL BRHR 3 8 1« Uity S R 75 2242 e LIRSS 88
JE A BTRK token AP ST T SRS RLR EI S5 B B S G40
R T /api/admin/** R, FITHIE, WERE. K. WRiCRMGIHREEH,

54 MySQL #iEEEscIf

MySQL HuHfi 2 A7 2 BIE AT b (K FE R B Rk FE i . 5o e S8R RO T47
TR, ERS T ER . SHS. BukEE . BEE s & 0. 45
G R LEIRELSEN, ZOBIERNE 5-4 s,
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*® 5-4 MySQL #LHHERSEI

R4 FEFR SEIAE H
sors id. username. password hash. email. study ability. fRAIEKIKS. 2~
" current_level. experience. status JHEF AR AS
B G S A
admin_users id+ username. password hash. role EEE RIS F
id. difficulty level. study ability min. TRAF 7 A BIHE L

ifficul fi
difficulty_config study ability max. description Py RS U

id. question_text. correct answer. wrong answers_json. PRAT 02 P 25 F1
difficulty. enabled. deleted H e

user_id. play time. rooms_completed. correct answers.
game_results wrong_answers-, difficulty. is_completed. gold_collected. TRAFIF*K4S H 4

questions

created_at
game_sessions user_id. play time. progress. difficulty. session_date izﬁﬁgggg
review_sessions user id. difficulty. status. created at. updated at ﬁgf%ﬁig%&
s ustion st 510 Sn ot Al s -y, i
- - - 112 51 kU
user_achievements user_id. achievement id. current value. is_unlocked. (R P ks

unlocked at. updated at

B FE AR OC R AN 5-2 PR ousers f2 Bu o 7 S B (1) 03K, ‘BN game_results.
game sessions. review sessions. user question attempts. user achievements 2 [H] J il
— X2 KRR, FRERREGE . B35k, S AR sogdt B .

A H #PE = E  questions. question_stats 1 user question attempts — i 37 #% .
questions {RAT7 @1 H N FIHMESE, question stats 1035 @1 H A 223 R BOF IE#f R EL,
user_question_attempts i3 FANH PR B/EE AR, I8 source_type X7 GAME
1 REVIEW, Fi#id game result id B review session_id I 1 Jjf 0k 8 2 > ok

s R ME— 20, SN, CHECK 29 R 5 R R UEE R vl At ME— 2R
HT#ERksES, SMEATHEER. BH. JREGERME IR ERXR,
CHECK £ F TRl study ability. difficulty. status 2 7EXFIEUETER, Z5IH T
XEE G AW IR AL, BHRES TR ERER.
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users
#id: BIGINT «PK» - difficulty_config
usemame : VARCHAR(64) admin_users o id : BIGINT «PK»
Erans:i\:fg{"%gmﬁyﬁgHAmzss) o id : BIGINT «PK» difficulty_level : INT <UK»
study ability : INT usemame : VARCHAR(64) study ability min : INT
curr;’f\t Iev:l‘ INT password_hash : VARCHAR(255) study_ability max : INT
experience : INT role : VARCHAR(32) description : VARCHAR(64)
slaptus- VAF(CHAR12DJ created_at : DATETIME created_at : DATETIME
created_at : DATETIME updated _at : DATETIME
updated_at : DATETIME
1 1 L
0.N
T game resule P
game results 0.. o 0..N€ questions
» 1d: BIGINT «PK» game sessions review_sessions user_achievements o id : BIGINT «PK»
:f:;';?n;:!%%mﬁm 2 o id : BIGINT «PK» oid : BIGINT «PK» »id  BIGINT «PK> question_text : VARCHAR(255)
rooms_completed : INT user 1d: BIGINT «FK» 101 [user id : BIGINT <FK» user_id : BIGINT «FK» correct_answer : INT
correct_answers : INT play_time : DECIMAL(10,2) difficulty : INT achlevement Id : VARCHAR(128) wrong_answers_json : VARCHAR(255)
wrong_answers : INT progress : INT status : VARCHAR(20) icsugrilr:)ta:gtlﬁu-eBC%[EAN g::g;:{elgy‘ I;’:){)LEAN
difficulty : INT difficulty : INT created_at : DATETIME unlocked at N DATETIME deleted “BOOLEAN
Igsﬁlcdmc“opl:glcigc; Pa?LEAN session_date : DATETIME updated_at : DATETIME updated at : DATETIME created_at : DATETIME
Created at : DATETIME L 0. 14 updated_at : DATETIME
e T W= l F
0.NQ 0. 0..1¢ 0.0y
A A
user_question_attempts 0.%
o id : BIGINT «PK» question_stats
user_iAd : l?IGINT «FK» e id: BIGINT «PK»
?;uizf—g;ilgégggwum» question_id : BIGINT «FK, UK»
difficulty : INT d'ﬁ'lc“'ty .
source_type : VARCHAR(20) e N TAT
game _result_id : BIGINT «FK» o atea DPATETIME
review_session_id : BIGINT «FK» P =
answered_at : DATETIME

B 52 $iBEE ER B
55 FHEEMREELI

FOME LR R LI R0 N A ARHE T H H EduGameService (523,
W W 45 R JE . Japi/gamefresult $% 11 & {8 77 A W Rk 45 R, IF
updateStudyAbilityAfterGame 777251 FH /7 1] studyAbility. %515 AE B IERZ. 5
() 56 B < T 5 J S AT [B) R AR o N b, 18 IR 115 2] performanceScore;
b J5 ARG B A & 11 5 confidence, X% SR B AT AR, AT B R AR FRR
FE S 1 E BB .

RIS, AP RS MESAE AR, RGRIE A LI 22L&,
THEARA = U PR f1) 72 & 3G FL A o

WHPESEMERN  , AR, EREEChY , BREEN %
HCy S BEEEMECY S IERFEN Y A RIESOIRES N F, Hi ks F
RIERMS F =0, T H AU BRIE R 20T R s

J% )75
=1,

clamp(x, 1, u) = min ( max (x, 1), u) (2 5.1)

B US KIS IR R o B SR
N=C+W (A3 52)
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0O,N=0
S, = {g N> 0 (23X 5.3)
N)

Pile) e MAN [ FE bR B ARE 5 a0 EE AR SRS i) B s s B0

T(d)=8+2max(0,d—1) (23X 5.4)
T,o(d) = 100 + 50 max (0,d — 1) (A 5.5)
T(d) =240+ 60max (0,d — 1) (23X 5.6)

Kb () BrHBERE, () nHbrEemE () R B

S, = clamp (led) ,0, ) (A= 5.7)
S, = clamp ( ,0 1) (A3 5.8)
Ty(d)’
0, =0 ‘
:{ (L’ 0’1), >0 (23X 5.9)
LA AR, I [RGB 1R
S, = min(S,, 0.30) (A% 5.10)
AR, N S t=S t.
AT, I O B A 3 T 5
0,F=1 .
Pi_{(l —S,)%0.20,F=0 (R 5.11)

ARy KA MBKRA, BEEMRLHE ACCURACY WEIGHT .
ROOM_WEIGHT. GOLD WEIGHT #1 TIME WEIGHT f£4F—%:

=055 +020 +0.15 +0.10 '— (23X 5.12)
N T e G Bl H R SR E R R, RS A R T B
V=min(%,1) (AR 5.13)
FEARN RS R G R GO FIRAR &, fRand BAE A O B = 224
EIRZAH:

Ay = round((S, — 0.5) x 20) (3K 5.14)
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B {clamp(round(AraW xy),—6,8),F=1
~ (clamp(round(A,,,, X Y), — 6,1),F =0

(2= 5.15)

R4 TMEN:

A'=clamp(A+A, 1,100) (A% 5.16)

Horr, -6 FoRBRERA NEE. WRARER, BREARIMEN 8: WRAR
BAER, BJRRRSRTHERSN 1. KPR DU R iR e ok RIS, BN AE
BB JR) B R AR A T Lk A ORE T, ol SR W 4 B B el S e 2 ) R

BZEVEARZ AN ST RTRIR G I AN LU 0 IR I K B - IR R ThE =
LTI, TSRS @ MR AFEAE MBI E . confidence H T/ D &%
R R B IREENE ,  clamp #AE F] T 52 JMEAE B R i ARG VE Bl e 2R
BE— B ORAE T AR A 2 S 3 BUd K HEFEBRER, {4 2 Gt 3G R A R AR x
P g€ o IXANBTHANZDAS AL R B L ORI AH SCHI FE <P Al o B2 1S B P RS AR A
FORFET A7 (1) U 55t A — LI
5.6 RESIS5%iI;

BH S $PE N OS2 Japi/game/questions?difficulty={difficulty} . J& Ui A
questions & 11 12t 5 7€ difficulty H /5 @ H, 3% [5] questionld. questionText.
correctAnswer. wrongAnswers A1 difficulty. Unity 1# F] QuestionData 41§ H £¥5,
RS A b s T AL . R H SRS g A B 5-3 B .

7 H 4tit i /questions/stats 58 2K 8 ARG , Unity E3R questionld. isCorrect
A difficulty; J5umtR#¥E questionld AR ELANE question_stats L3, BT total Attempts
Hl correctAttempts, FitH. correctRate fGiR bl ZEHUE RGEANFELE Unity 145 H
fSF i, IR REAE i S UTE R H R I E o
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Unitylt X5 SpringBoot/5 iR MySQLEHERE

GET /game/questions?difficulty

EWRRAEE
HIEEES
3
QuestionData
‘. ................................................
BTATHEDR
Pl E FH B RE
POST /questions/stats
AT totalAttempts 5 correctAttempts
itER
S
correctRate
‘. ................................................
UnityInRix SpringBoot /51 MySQLEIEE

B 5-3 BES&SHSSRITEFE
57 MASHREREEEH
AR EL B GET /achievements F1 POST /achievements/sync ZHf%. 35, Unity
IRECYETH P ROt dt BE s iek &h R Bk B2k F 5, Unity fit= [F]2P achievementld.
currentValue F isUnlocked. [ % [F] 2 I SR #5566 0« %7 (R — F P [/ — Bl &
A71E, M| currentValue £ B 5 KAH ; isUnlocked — HA) true NP4 false 78 5 ; unlocked At
033 B B 1] o
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Unity5t SR i SpringBoot /5 i MySQLEIRE
POST /game/result
1R7F game_results
EENEEY
O
BB users.study_ability
b REIFRERMNFNETL
PUT /user/level
BEMERNER -
iR[E] maxHealth, attackPower
L - e c oot m e nam e e n e e nannd
POST /achievements/sync
] &3 user_achievements
REIEHT AR
o et m e mem e eeamamananannd
Unity Bt i SpringBoot /i MySQLEGRE

B 5-4 HHAERS RARE S FE

I R F S AR A R B, R A R KA RK R BRS & Gt
TEREEDR, IR AT R B I B i
58 Vue BEEEFHXIHM

Vue & F J5 418 ] Vue 3. Vue Router. Pinia. Element Plus il ECharts SZ¥{,
BREHAMH. EERGT X ERMEE S MEHEEENER. 56l
Japi/admin/**#2 197 0] J5 b, 7] LASERGEEEES . MEFERLE . o B HL, Jkidk &
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Measuring Control to Dynamically
Induce Flow in Tetris

Diana Soffa Lora-Ariza, Antonio A. Sdnchez-Ruiz, Pedro Antonio Gonzdlez-Calero, and Trene Camps-Ortueta

Abstract—Dynamic Difficulty Adjustment (DDA) is a set of
techniques that aim to automatically adapt the difficulty of
a video game based on the player’s performance. This paper
presents a methodology for DDA using ideas from the theory of
flow and case-based reasoning (CBR). In essence we are looking
to generate game scssions with a similar difficulty evolution to
previous game sessions that have produced flow in players with
a similar skill level. We propose a CBR approach to dynamically
assess the player’s skill level and adapt the difficulty of the game
hased on the relative complexity of the last game states.

We develop a DDA system for Tetris using this methodology
and show, in a experiment with 46 participants, that the DDA
version has a measorable impact on the perceived flow using
validated questionnaires.

Index Terms—Dynamic Difficulty Adjustment, Flow, Artificial
Intelligence, Video Games.

I. INTRODUCTION

HE video game industry has grown rapidly in recent

years. In 2020, this industry generated revenues above
$170 billion and it is expected to continue growing in the
following years. This growth has motivated investors to finance
with additional resources the development of new titles, and
came studios to look for new ways to overcome the inherent
difficulties involved in creating and maintaining good quality
video games. The production of an average AAA video game
takes between 1-3 years not just because the time required
to create all the assets and game mechanics but because all
these ideas must be tested continually to validate that they
really work and the game is entertaining. This way, game
designers play a fundamental role in the production of video
games. They are usually in charge of defining the game levels,
the puzzles, the controls, the game mechanics, the character
dialogues, ... and especially the difficulty levels of the game
that usually involve defining different sets of behaviors for
the Al characters that will be used according to the player’s
skill level [1]. In other words, the “intelligence™ seen in most
video games (oday is the result of trying to anticipate different
player behaviors and then, during the production stage, to
implement a standard set of actions to respond appropriately
in cach cxpected scenario. Most ol the conlent in video
games loday is predefined, crcated during the development
process, with the hope that it will be adeguate for most of
the players, challenging but not too difficult, but that is not
always achieved. In fact, player’s feedback is an essential tool
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for designers to distinguish between extremely difficult tasks
and a great challenge [2].

An “intelligent” video game should be able to decide what
to do in scenarios that the designers could not anticipate and
provide an appropriate response [3]. In particular, the classical
predefined difficulty levels present in most video games are not
optimal for all players, and the difficulty of the game may not
evolve at the same rate as the player’s skills, making the game
too easy or too difficult. In this sense, difficulty should not be
understood as a static property, but a subjective factor derived
from the interaction between the player and the proposed
challenge [4]. Dynamic Difficulty Adjustment (DDA) is a set
of techniques that aim to automalically adapt the dilficulty
of the game based on the player’'s performance [5]. That
is, the player-game interactions are continuously evaluated to
change the difficulty of the game according to the player’s
current needs with the goal ol keeping the player engaged.
A notable advantage of using DDA is the reduction in video
game production costs, because if the game can adapt itself,
then designers and developers require less effort trying to
anticipate all possible situations [6]. For this reason, DDA has
captured the attention of leading companies in the video game
industry. Lopes and Bidarra [7] surveyed the state of art of
adaptivity in games and simulations, from both academia and
industry, and concluded that adaptivity is establishing itself
as a rapidly maturing field and that current advances show
good results in adapting towards an optimal challenge level
and emotional states such as fun, frustration, predictability,
anxiety or boredom.

Flow is a mental state in which a person performing some
activity is fully immersed in a feeling of focus, full involve-
ment, and enjoyment, usually resulting in a transformation in
the sense of time. The connection between flow and immersion
in video games is quite direct since the ability to transport its
players to their personal flow zones has been identified as a
requirement for a well-designed game [8].

This paper presents a novel methodology for DDA using
ideas from the theory of flow [9] and case-based reasoning
(CBR) [10]. A key advantage of using flow theory is that,
since it is a very popular theory in Psychology research, there
are different instruments to measure il, both on the basis
of physiological measurements and posteriori questionnaires.
Those mstruments can be used lo identily previous gumes
that have produced {low in players. Our methodology aims to
generale (low by allering the dilficulty of the game so thal its
evolution is similar to previous games that have produced flow
in players with a similar skill level. We use a CBR approach
to dynamically assess the player’s skill level and adapt the
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difficulty of the game using a measure of control based on the
relative complexity of the current game and a set of previous
similar labeled games. We have implemented a DDA syss:m
for Tetris and show, using validated flow questionnaires, that
has a measurable impact on the players.

The rest of the paper runs as follows. In next section we
briefly introduce the theory of flow and presents its relation
to DDA in games. Then, in Section III, we present the
case-based DDA methodology exemplified with Tetris. Next,
we describe an experiment that shows that our approach
effectively improves the sense of flow in players in Section
1V. The paper concludes with some conclusions and future
lines of research.

11. RELATED WORK
A, The flow theory

Czikszentmihalyi [9] defines flow as the optimal experience
when nothing else matters. Enlering {low depends on creating
the perlect balance between the pereeived challenges ol the
task at hand and one’s perceived abilities. Nakamura et al. [11]
say that it is the subjective challenges and subjective skills,
not the objective ones, that influence the quality of a person’s
experience. In other words, the person must have confidence
in their capacity to complete the task successfully to enter
flow. Csikszentmihalyi establishes nine dimensions which to-
gether represent the optimal psychological state of flow [12]:
challenge-skill balance, merging action-awareness, clear goals,
unambiguous feedback, concentration on the task at hand,
sense of control, loss of self-consciousness, the transformation
of time and autotelic experience.

Nakamura et al. [11] state that attention plays an essential
role in achieving a lasting feeling of flow because a person’s
attention plays a part in the type of emotions that the task
can generate. A person experiences apathy or boredom when
the task al hand is simple, as their altention is away from the
task. On the contrary, a person feels anxiety when they have
their full attention on the task, but it is very complex. That
is, the challenge exceeds their capacities. In an ideal situation,
the player has full attention on the task, its difficulty kevel is
correct to the player’s capacities, and the player has a feeling
of control, then they can enter {low. As a person maslers a
challenge, her skills increases and thus the challenge must
grow in difficulty along with the person to keep them in flow
or, otherwise, the task ceases o be enjoyable.

Figure 1 shows in more detail the eight emotions a person
may experience while performing a task. The state of flow
occurs when the task at hand is exciting and challenging but
achievable, between the emotions of control and arousal. These
feelings intensify when the challenges and skills required to
perform the task are beyond the player’s average levels.

Descriptions of the flow experience in general tasks are
identical to those experiznced by players when immersed in
games, such as losing track of time [8]. Cruz ct al. [13] review
previous attlemplts o adapt the {low theory in the context
of video games. They describe different mappings between
flow elements and game features in order to promote player-
centered game design, and foster flow in the player experience.
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Fig. 1. Mental state in terms of challenge level and skill level, according to
Csikszentmihalyi’s flow model [11].

Of particular relevance in establishing the connection between
flow theory and game design is the GameFlow model [14].
GameFlow is a model of player enjoyment, comprised of a
set of criteria derived from games user experience literature
and structured into eight elements that can be mapped to
Csikszentmihalyi’s concept of flow.

B. Flow and DDA

Most attempts to connect the flow theory and DDA make
use of devices that monitor physiological variables (electroen-
cephalograms (EEG), heart rate or galvanic skin response
among others) to identify the player’s emotional state and
adjust the difficulty of the game accordingly. Chanel et al. [15]
describe an early attempt on identifying emotions when play-
ing Tetris at three different difficulty levels. Klasen et al. [16]
assess how the brain responds to the different dimensions
that contribute to the flow experience in a first-person shooter
game, showing that the balance bhetween challenge and skill,
sense of control and concentration are most representative of
the flow experience. One of the first applications of emotion
detection to actually implement a DDA system is described
in [17] using players’ EEG signals during playing a rhythm
game. More elaborated versions, both for shooter games, are
described in [18] and [19] where the authors use different de-
vices to monitor physiological signals and adapt the difficulty
of the game to maintain the player’s level of excitement and
improve the gaming experience.

Although recent projects like BlTalino have lowered the
entry barrser of bio-signal acquisition, the task of obtaining
bio-signals of good quality is time-conswming, and typically
lools for obtaining such measures are not comfortable for the
user, requiring electrodes attached (o different parts of the
body. For that reason, it is not foreseeable that gamers will
become accustomed Lo using bio-signal acquisition hardware
on a regular basis in the near [uturc. As an allernative Lo
physiological variables, numerous self-report questionnaires
can be found in the literature of Psychology that have been
validated as instruments for assessing flow [20]. In this work,
we propose the use of ex-post questionnaires instead of real-
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time dilficulty adjustment through emolion detection using
physiological measures.

C. Other approaches to DDA

Most of the related work in DDA defines specific tech-
niques for adapting difficulty in different types of games. For
example, [21] tested five different algorithms for adjusting
difficulty in Tetris that, instead of adjusting game speed, adjust
difficulty by choosing blocks based on the current game state.
Adapting the Al of non-player characters (NPC) is the focus
of several contributions, such as [22] that propose an algorithm
for adjusting spawn rate and distance of the enemies, [23] in
MOBA gamcs, or [24] and [21] in racing gamces. Sophisticated
techniques such as reinforcement learning and evolulionary
computation are typically applied in the generation cf NPC
that can dynamically adapt to the player. One distinguishing
feature of the work presented in this paper is the focus on
"when to adapt” and not so much on "how to adapt” the
difficulty.

In [25] the authors present an initial effort in developing a
universal mechanism for DDA, an online learning algorithm
that takes as input game-specific ways to modify difficulty and
the current player’s in-game history and produces as an output
an appropriate difficulty modification. Nevertheless, the paper
just covers the initial step of clustering into different types
and predicting the type from short traces of gameplay. Also
for player modeling, [26] presents a game-independent method
for predicting player performance. They proposed a data-
drive tensor factorization approach that can predict changes
in players’ skill mastery over time. Nevertheless, they only
cover the initial stage of player characterization. In general,
the difficulty adjustment phase is mostly game-specific and
may be more or less laborious depending on the game. In
this work, we decide when to adjust the difficulty based on
the player’s skill level and evolution of the complexity of the
current game compared Lo other previous good and bad games,
which also connects our work with previous work on player
modeling.

TII. CASE-BASED DDA

In this section we introduce a general methodology that
serves as a guide for implementing DDA during the video
game development process and explain how we have imple-
mented its different phases in Tetris. Our goal is to facilitate
the creation of a system (o improve the player’s experience by
balancing her real skills and the skills required to complete
the proposed challenges.

Our methodology consists of 2 phases (see Figure 2), The
first one, players’ pre-analysis, is an “olfline” phase in which
we collect a set of games played by different players and then
we analyze those games to learn about how difterent players
interact with the game and which game variables are useful to
describe the player’s performance during the game. This is an
exploratory stage that will help us (o create and annotate the
data used by the DDA system. The second phase is “online”
in the sense that it is performed during the game, and consists
of 2 main components, players’ categorization and difficulry
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adjustment, thal are execuled one aller the other continuously
during the game. The player categorization component will
predict the skill level of the current player during the game
comparing her performance with the performance of other
previous players. The difficulty adjustment component, in turn,
will decide if and how to adapt the difficulty of the game to
meet the current player’s skill level.

Note that these phases are very general and can be imple-
mented using dilferent techniques. Moreover, the features used
in each game to model the player’s performance and to alter
the difficulty will be specific for each game. For this reason,
game designers play an important role in our methodology
and should be involved 1o identily the right game variables
to model the player’s performance and dynamically adapt the
difficulty of the game.

Tn the following sections we explain in detail how we have
implemented this methodology m Tetris. We use a case-based
reasoning approach (CBR) [10] in which cases represent the
evolution of previous games during short time windows, and
we focus om 2 flow dimensions that have been identified as
especially relevant to induce flow in video games: sense of
control and challenge-skill.

A. Players’ pre-analysis

The goal of this phase is 1o collect a set of game (races
and analyze them using different statistical and visualization
techniques to understand how different players interact with
the game, differentiate gumes that are more and less satisfac-
tory for the players, and identily the game variables that better
assess the performance of the player during the game.

1) Collect game dataset: The goal in this step is lo col-
lect enough game (races and evaluations of those games (0
represent the potential population of players. In asynchronous
setups where players participate at different times without the
supervision of some moderator, it is important to choose a
very quick way to evaluate players™ satisfaction after cach
game because, while people were willing (o play a few games
of Tetris, they were less willing to fill out a survey after
cach game. Anything that tukes more than a few seconds may
discourage the participants from playing another game. On the
other hand, synchronous setups are more expensive and usually
involve less participants, but the presence of a moderator
allows to use more sophisticated satisfuction surveys and
collect more data about each player and game.

We used an asynchronous setup and reached potential
participants sending emails to different mailing lists in our
university. The target participants were grad students in their
20-30s from difterent Faculties (sciences, engineering, litera-
ture, ...) and with different experience playing video games.
We asked them to assist us with a research study about video
games in which they only had to play Tetris and answer one
simple question. They were not incentivized to participate in
any other way. They played a special version of Tetris called
Tetris Analytics that looks like a normal Tetris game bul stores
the game traces in files so that they can be reproduced and
analyzed later using different visualization tools and machine
learning algorithms. The participants could play as many
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Fig. 2. DDA methodology scheme. The goal of the offline phase is to collect, analyze and annotate a set of games that will be used in the second phase.
The online phase consists of 2 components that continuously analyze the player performance during the game and adapt the difficulty accordingly.

games as they wanted. The new pieces that appeaced in the
game were randomly sclected and there was only one standard
difficulty level. After each game, the system asked the players
to assess their experience evaluating the sentence Ir was a
good Tetris game with a 5-value Likert scale, where 1 means
strongly disagrees and 5 strongly agrees. We collected 156
game traces played by 51 different players. 9 games were
evaluated with a score of 1, 29 games with 2, 28 games with
3. 55 games with 4 and 35 games with a score of 5.

2) Establish player’s profiles: In scveral games, and in
Tetris in particular, there is a final score that measures the
performance of the player during the game. We can use this
variable to label player’s profile or skill level but only when
the game has ended. Also, it is not obvious what score ramges
correspond to each profile or how many profiles should be
differentiated. Fortunately, we can use the data collected in the
previous step to make reasonable choices. We used k-means
to cluster the final scores and the elbow method to select 3
clusters that represent different profiles that we identify with
beginners (0-2999 points, 72 games), average players (3000-
5999 points, 82 games) and experts (more than G000 points,
2 games). Then, each game was arnotated with a profile.

Note that we can create more or less profiles depending on
the desired granularity. We can use a number of profiles that
makes sense for the game designers or use some algorithmic
approach 1o select an optimal number of clusters.

3) Hentify good and bad games: During the collection of
the game dataset, each game was evaluated with a satisfaction
score using a 5-value Likert scale. We consider that a game
was good if it was evaluated with a score of 4 or 5, and it was
a bad if it was evaluated with a score of | or 2. A score of
3 means that the player did not feel the game was especially
good or bad, so we do not consider them in this classification.
Additionally, bad games are divided into two subcategories,
{00 hard and oo easy, depending on the final score of the
game with respect to the scores of the players within the same
profile, For example, if an average player evaluates a game
with a bad satisfaction score and the final game score is much
lower than the mean score of average players, we assume the
game was oo difficult and that produced a negative effect
in the player’s experience. 90 games [rom the dataset were
annolaled as good games, 19 as oo hard and 4 as loo casy. We
will use these 3 subsets of games later to adjust the difficulty
of the gume so that it becomes similar to the good ones and
different to the bad ones.
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4) Hdentify relevant game variables: The purpose of thas
step is to select some variables that represent the player’s
performance during the game, and to identify the relevant
moments of the game in which we should measure them.
‘We will represent the evolution of these variables by means
of time series describing the evolution of the game. We will
then divide these time series into performance windows that
represent the evolution of the game over short periods of time.
This way. we will be able to adapt the difficulty in new games
comparing the last performance window of the current player
with the armotated performance windows in our dataset.

In Tetris we distinguish two types of decisions. When a
piece appears at the top of the board, the player must analyze
the current board and decide where she wants the piece to end
up. We call these decisions tactical decisions, since they lead to
states that the player wants to reach in the near future. Then, to
reach those states, the player must decide all the intermediate
actions (translations and rotations) needed to bring the current
piece from the top of the board to the desired final position.
In this paper we will focus on tactical decisions, since we
think they represent the most significant moments of the game,
and we will measure the evolution of the game only when
each piece settles in its final position. We leave for future
work to take into account also the intermediate moves that
lead to the final position, which undoubtedly contain relevant
information, but are also lower-level and noisier (e.g. nervous
players change the rotation of the piece back and forth several
times).

The selection of the variables that will he used to predict
the current player profile during the game is a trial-and-
error process that must be done with the help of the game
designers. Based on our knowledge of Tetris we have selected
the following variables to represent the evolution of the game:

o Piece number from the start of the game. As we only con-

sider tactical decisions and there is one tactical decision
per piece, it represents time.

e Score accumulated by the player once the current piece

is settled.

s Board height or the highest row occupied by a piece.

e Holes or emply cells that are completely covered by

another full cell.

Figure 3 shows how these game variables evolve in a game
of an average player. This player was able to settle 64 pieces
before the game finished and got a total score of 2480. The
yellow line describes the score evolution that grows slightly
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Fig. 3. Evolution of the game variables for a beginner player.

with each new piece and more abruptly when the player makes
a new line. The red line represents the board height and when
the game ends when it reaches 20. We can sce that during the
first 30 pieces the player played in the lower half of the board,
but then the board height grew up because the pieces fell too
quickly for the player to set them compactly. Similarly, the
blue line represents the number of holes.

The evolution of each game variable can be represented as a
tlime series in which cach value corresponds Lo the value of the
variable in consecutive instants of ime. Since we are interested
in measuring the player performance in different moments of
the game, we divide the time series in performance windows
that represent the evolution of all the variables daring a short
period of time. This way, each performance window is a matrix
of m x n where m is the number of variables and n is the
length of time window.

B. Player’s Categorization

We use a case-based reasoning (CBR) approach to decide
the skill profile of a new player during the game. The
description of each case contains a performance window of
length n = 10 (time series describing the evolution of the
game variables during 10 pieces), and the solution of the
case contains the profile of the player that played that game
(computed from its final score). When a player starts a new
game, we wait some time to construct her first performance
window and then we use il as a query Lo retrieve the £ = 10
most similar cascs in the case base. We predict the profile of
the current player by majority vole among the retrieved cases.
Next, we resume our approach, see [27] for a more detailed
description of this component.

When we retrieve the most similar cases to the current
performance window, we only consider cases collected at the
same time (picce number) in previous games because two very
similar boards in dillerent moments of the game can have very
different implications regarding the player’s skill level. For
example, a game board with pieces only in the first rows and
a few holes is normal at the beginning of the game but only
expert players can have that same board configuration when
the game s well advanced and the picces fall with great speed.

The similarity between a query and a case 1s calculated as a
lincar combination of the similaritics between their time serics.
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sime(er,e2) = @ simgs(cq.score, co.score) +
ey s1mys (e holes, co.holes) +

vz 81y (c1.height, ca.height)

where the weights ¢, cxa, a3 can be adjusted to give more or
less importance to each time series. The most important one in
Tetris to predict the player skill level is the game score (o, =
0.70), followed by the number ol holes (s = 0.23) and finally
the board height (cez = 0.05). These optimal weights were
calculated using grid search with increments of .05 and 10-
fold cross validation Lo improve the accuracy of the classifier.

We compute the similarity between 2 time series using a
similarity based on the Euclidean distance |28]:

simys(r.s) =

where 7 and s are time series of size 7.

Finally, inconsistent player behavior during the game can
produce frequent changes in the profile prediction, producing
continuous changes in the dilficulty of the game. For example,
an expert player may be distractzd at some point in the game
and appear to be a beginner, or a novice player may have
a good run for a while. Sudden changes in game difficulty
are often perceived as “something strange is going on” and
provoke a distrustful attitude in players. In addition, the profile
predictions of this module can fail (the predictions become
more accurate as the game progresses), so it is advisable to
use some inertia function that avoids transitioning between
extreme profiles. In our implementation, we use a inertia
function that only allows transitions between adjacent profiles.
That is, if a player was classified as a beginner in the previous
performance window, she can only be classified as a beginner
or intermediate in the current performance window, no matter
how well she places the last pieces.

C. Difficulty Adjustment

The purpose of this component is to decide when and how
to modify the difficulty of the game. We focus on 2 of the 9
dimensions that represent the optimal psychological state of
flow: challenge-skill balance and sense of control. This way,
the decision of whether to modify the dilficulty of the game
and with whal intensity (o do so depends on the player’s profile
and whether she is in control within her profile.

1) Is the player in control?: The sense of confrol indicates
whether an individual feels capable of performing the task
because il is at an appropriate difficulty level and has been
identified as one of the most important components of the
flow experience [11]. I the task is too difficult, the subject
experiences anxiety, or il it is (oo casy, the subject experiences
boredom, so the fecling of control is somewhere belween
those two extremes. To indirectly measure the control of the
player. we compute the complexity of the game state and then
compare it with the meun complexities of the good, oo easy
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und toe hard games in our collection of labelled games from
players within the same profile than the current player. For
the player to be in control, that is, performing a task with the
appropriate difficulty level, the complexity of the board during
the last performance window should be more similar to the
mean complexity of the good games than to the too easy or
too hard ones. As in the previous component, we only compare
the complexity of performance windows corresponding to the
same moment (number of piece) in different games.

We compute the game stale complexity after each piece is
settled in it final location with the following formula:

C =@ + alconlour) + h

where @ is the median height of the columns on the board
squared, o(contour) is the standard deviation of the height of
the columns, and A is the number of holes between the pieces.
These variables represent challenges the player must overcome
as the speed of the falling piece increases: low board height,
homogeneous board contour and few holes between the pieces.

++ ®TOO HARD -+ W GOOD ++ W TOOEASY

GAME STATE COMPLEXITY

PIECE NUMBER

Fig. 4. Mean game state complexity and its standard deviation for beginner
players as the game progresses.

Figure 4 shows the mean game state complexity and its
standard deviation for players with a beginner profile as the
game progresses. The red, green and blue lines represent the
mean complexity for the too hard, good and too eusy games
respectively. As the game progresses, the complexities of the
games come apart and each one of them increases with a
different speed. This different trajectories also exists within
the average players bul the lines are not so far apart.

Finally, to decide if the player is in cordrol or not (a binary
variable), we compare the complexity of each game state in
the last performance window with the mean complexity of the
good, too easy and too hard games in the same instant. The
player will be in control when most of those complexities are
closer to the good games than to the too easy or too hard
games. If the player is not in control, the difficulty of the
game is not at the appropriate level for her current skill level.

2) Modifv the difficulty in Tetris: The difficulty in Tetris
depends basically on two variables: the type of pieces deliv-
cred and the speed at which it falls. Using these two variables,
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we can make the game more or less difficult and adapt it to
the skill level of the current player.

The next piece is probably the most important event in the
Tetris game. A good piece that fits the current configuration
of the board can potentially reduce the board height, while a
bad piece could greatly increment the complexity of the board.
We assess how good each piece is for the current board with a
heuristic function that evaluates each game board that can be
reached by placing that piece in each possible final location.
The heuristic value associated with each game board is the
board height plus the number of holes, so the smaller the value
the beller the board. The heuristic value ol each piece is the
best (lowesl) value of the reachable boards (so we assume
the player will place it optimally). It is relevant to mention
that it might not be a good idea to always provide the best
or worst next piece, because some of them might be selected
too [requently and be perceived negatively by the players. It
is betler to select one of the best or worst pieces randomly to
ensure enough variability.

The difficulty of the game can also be changed by altering
the speed at which the pieces fall. But we must do this
carefully, because the falling speed is supposed to always
increase in Tetris, and we don’t want players to detect that
we are changing the game. Also, if we reduce the drop speed
too much, the game might never end. Therefore, the correct
approach in this case is to slightly increase or decrease the drop
speed increment each time the player places another piece.

Although our methodology can be used to make the game
more or less difficult, in the experiment described next we have
focused solely on making the game easier and thereby helping
less experienced players. We think that beginner players have
more trouble enjoying the game and getting into flow, while
expert players already have the necessary skills to achieve
the proposed challenges and need little or no help to have
a satisfying experience. Therefore, we define two different
adaptation’s levels to produce a challenge-skill balance that
consider both the player profile and the feeling of control:

e Speed-piece adaptation This level modilies the falling

spced and the next picce. The next piece is selected
randomly among the best 3 candidates. The falling speed
rate increases by half of what it normally would. This
adaptation level is active when the player is a beginner
and is not in control.
Piece-only adaptation This level modifics only the next
piece. This adaptation level is active when either the
player is a beginner and is in control, or when the player
is average and is not in control.

[V. EXPERIMENT

In the experiment we compare three different versions
of Tetris: normal, trivial and balanced (DDA). The normal
version corresponds (o the original Tetris Analylics system in
which the next picce is chosen randomly, while the other two
versions are modilications ol this same system. The normal
version 1s the original Tetris game without any modifications.
The trivial version always returns 4 good next piece so that the
player can cusily make lines. The balanced version analyses
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the player’s performance and changes the difficulty level
accordingly as we have explained in the previous section. The
goal of this experiment is to measure the flow that players
experience during the games.

The experiment will test the following hypotheses:

« HI1: We get more players o experience flow using DDA
(balanced version) than without it (normal version).

« H2: It is harder for beginners to experience flow com-
pared to intermediate or advanced level players (normal
version).

o H3: Il we provide an casy Tetris version (o players with
a low skill level, then they will experience flow (trivial
version).

e Hd: If Tetris is too casy, then the players will not
expericnee flow (Lrivial version).

A. Experimental setup

The experiment was performed on site with the presence of
a moderator that provided the initial instructions and guided
the experiment. 40 volunteers participated in the experiment
(computer science students other than those who participated
in Section 11I-Al). They were asked to fill out a form with
basic demographic information (ege, sex) and answer some
questions regarding their use of video games: Are you a
regular player? (yes/no), How many hours do you play per
week? (0-5, 5-10, 10-15, 15-20, +20), Do vou know Tetris?
(yes/mo), What skill level do you have in Tetris? (never played
before, beginner, intermediale, advanced).

Each parlicipant began by playing Tetris lor 40 seconds
to become familiar with the controls and to remember how
the game works. Next, each participant played 3 complete
games, filling out the SHORT Flow State Scale (S-FSS) [12]
questionnaire after cach game. Finally, each participant chose
the game she liked the most (1. 2 or 3). The experiment was
designed to last approximately 30 minutes.

The participants did not know the purpose of the experiment
or whether the games corresponded to different versions of
Tetris. Participants were randomly divided in 3 groups so that
they played the different versions in different order:

« Group 1: trivial, balanced, normal.

« Group 2: normal, trivial, balanced.

« Group 3: balanced, normal, trivial.

The SHORT Flow State Scale (S-FSS) [12] determines
whether a player has entered flow during an activity (Table I).
It contains nine items, and the scores of each one represents a
dimension of flow. The scale is designed as a post-event assess-
ment of flow, with instructions written to connect the subject
to a recently completed activity. A more accurite evaluation
of the flow state is possible when the scale is administered
close to the end of the game. Responses range from 1 (strongly
disagree) to 5 (strongly agree). A low response value indicates
that the subject’s experience was not substantially of a fow
nature. Conversely, a high response value symbolizes that the
individual experienced [low substantially. The average score
of 3 on the status scales represents a choice of “neither agree
nor disagree”. This average score may indicate some degree of
approval, but it may also mean some ambiguity regarding the
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ilem’s relevance Lo the person’s experience. Nevertheless, it is
reasonable to interpret moderate level scores as neither strong
evidence that the person has experienced flow nor strong proof
that the person’s experience did not include the flow.

B. Results

The age of the 40 participants ranged from 18 to 42
years, with a mean age of 27.3 years. More than half of
the participants played video games more than 5 hours per
week (see Figure 5). Also, more than half of the participants
considered themselves beginners (see Figure 6).

HOURS PLAYING PER WEEK
18 43%

=)

20%
15% 18% .

I - I I
0-5 5-10 20+

10-15 16-20
Hours per week thal parlicipants play video games.

PARTICIPANTS

omn s o o

Fig, 5.

SUBJECTIVE SKILL LEVEL

25
55%
20
E 40%
< 15
o
Q
E 10
<
o
5
3% 3%
0 T T
Never played Beginner Average Advance

Fig. 6. Subjective skilf level of the participants.

Let’s start the analysis with the participants’ favorite version
of Tetris. In the last question of the experiment, participants
chose which of the 3 games they liked the most. Figure 7
shows the percentage of times each version was chosen: 20%
of the players selected the normal version, 27.5% selected the
trivial version, and 52.5% selected the balanced version. If
we analyze the results filtered by the player’s subjective skill
level of Tetris (the level they believed they had in the initial
questionnaire), the balanced version was chosen twice as often
as the next version (trivial) by both beginners and intermediate
players. The advanced player also chose the balanced version,
and the player who had never played Tetris before chose the
trivial version.

The main goal of the experiment wus o delermine which
version of Telris generates the highest flow state. Since there
were 4() participants and each ol them played the 3 versions
of Tetris, we had 40 SHORT Flow State Scale questionnaires
for each version of Tetris. We compare Tetris versions in pairs
in order to determine whether a version of Tetris produce a
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TABLE I
EACH ITEM TROM THT SHORT FLOW STATE SCALT AND THE DIMIONSTON IT REPRESENTS [12].

Dimension Sentence

Challenge-Skill Balance

T felt T was competent enough (o meet the demands of the situation

Merging of Action and Awareness

I did things spontaneously and automatically without having to think

Clear Goals

I had a strong sense of what I wanted to do

Unambiguous Feedback

had a good idea about how well [ was doing while [ was involved in the task/activity

Concentration on the Task at Hand

I was completely focused on the task at hand

Sense of Control

I had a feeling of total control over what I was doing

Loss of Self-Consciousness

1 was not worried about what others may huve been thinking of me

Transformation of Time

The way time passed seemed to be different from normal

o 00| | & | | L 1| —|| 2

Autotelic Experience

I found the experience extremely rewarding

TABLE 11
AVERAGE FLOW STATE PER TETRLS VERSION AND P-VALUE.
Average Flow p-value
normal  balanced  trivial | normal vs balanced  balanced vs trivial  normal vs trivial
Flow score 3778 | 4.000 [ 4.003 0.001 | 0.973 [ 0.033

FAVORITE VERSION BY SUBJETIVE SKILL LEVEL
TRIVIAL _ 10%
e
vorvae [ o

0% 10% 20% 30% 40% 50%

sNEVER = BEGINNER INTERMEDIATE mADVANCE

Fig, 7. Favorite version filtered by subjective skill level.

statistically significant higher flow state than other, by running
a paired t-test for every considered pair of versions: normal
vs. balanced; balanced vs. trivial; normal vs. trivial. Since we
are running 3 different comparisons for the same dataset, we
apply Bonlferroni correction [29] and instead of considering a
Type 1 error rate of 5% [30] we use a signilicance threshold
of 0.017% (= 0.05/3).

As shown in Table L1, the average flow score of the balanced
version (M=4, SE=0.602) is significantly higher than the
average flow score of the normal version (M=3.778, SE=0.54)
with p < .017. Therefore, we accept HI: we get more players
to experience flow using DDA.

To test H2: it is harder for beginners to experience flow
compared to intermediate or advanced level players, we
grouped participants according to their actual skill level (in
contrast to the subjective skill level used before) using their
final scores in the normal Tetris games. 21 participants were
classified as beginners and 19 as intermediate players. We
found no significant differences between the average flow
scores in both groups of players. so we reject H2. However,
il we separale the data and run again the paired (-test lor
beginners (Table III) and intermediale players (Table IV)
separately, we get additional insights. For beginners, both the
balanced and trivial versioms provide significantly (p < .0L7)
higher flow than the normal version, while for the intermediate
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players it is only the case with the balanced version.

To test H3: If we provide an easy Tetris version to players
with a low skill level, then they will experience flow we
compared the trivial and normal versions of Tetris within
the group of beginner players. Both the balanced and trivial
versions of Tetris are easier than normal Tetris. The balanced
version adapts the challenges to make them easier when
necessary, while the trivial version always provides help. The
average flow score of the trivial version (M=4.037, SE=0.628)
is significantly higher than the average flow score of the
normal version (M=3.778, SE=0.415) with p < .017. These
results show that both versions providing easier challenges
helped beginners to experience flow more strongly than in
normal Tetris, Therefore, we accept H3.

Finally, we accept H4: if Tetris is too trivial, then the players
will not experience flow, because the resulting flow in the
trivial version is not significantly higher (p < .017) than the
flow measured with the normal or the balamced versions in
our experiment (see Table II). Nevertheless, if we consider

just beginners (Table IIT) then flow in the trivial version is

significantly higher than in the normal one, so we could reject
H4 for beginners.

C. Discussion

According (o our results in this experiment, we can conclude

that:

« The average flow experience when playing a balanced
version is significantly higher than when playing the
normal version.

« The average flow experience from the balanced version
is not significantly higher than the trivial version.

« For beginners, both the trivial and balanced versions
improve the flow experience compared to the normal
version.

« We have no evidence that it is harder for beginners to get
into flow compared to intermediate and advanced players.

We expected players to find the trivial version boring

compared to the balanced version, but that was not the case.
This is probably due to the fact that most of the participunts
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TABLE 11T
BEGINNERS” AVERAGE TLOW SCORE PER VERSION AND P-VALUE .

Beginners

Average Flow p-value
normal  balanced (rivial | normal vs balanced balanced vs trivial  normal ¥s trivial
Flow score | 3788 | 3979 | 4037 0.000 [ 0.295 [ 0.004 |
TABLE TV

INTERMEDIATE'S AVERAGE FLLOW SCORE PER VERSION AND P-VALUE.

Intermediate Players
Average Flow p-value
normal  balanced  trivial | normal vs balanced  balanced vs trivial  normal vs trivial
[ Flow score | 3766 | 4023 | 3965 0.003 | 0.689 [ 0.159 |

in the experiment consider themselves beginners and had not
played Tetris for a very long time, so they were happy to play
an easy version of the game. Besides, participants scored better
on the trivial version (averuge score 472() than on the balanced
one (average score 3659) and that can influence the answers
to the questionnaire. In addition, each game lasts about 3-5
minutes and that is probably not long enough to get bored
even if the game is very easy. We believe players would find
the trivial version tedious if they had to play it more than a few
minutes. Furthermore, the balanced version was chosen as the
favorite one by 53% of the participants so we can conclude
that the balanced Tetris version provides a more rewarding
experience than the trivial one.

Regarding the limitations of the study, we have identified
some aspects that should be further investigated in the future.
First, the 40 participants were related to the computer field,
so they may nol be representative ol the general population of
gamers. Second, our study does not consider personal charac-
teristics that cause some people to experience flow with greater
or lesser difficulty and intensity. Third, our study focuses on
beginner or intermediate players, and the balanced version that
we use in the experiment only decreases the difficulty of the
game, never increases it. [t would remain to be studied how
the dynamic difficulty adjustment affects expert players who
need greater challenges. Finally, our experiment only considers
very short game sessions. In would be interesting to study
longer periods of time to see whether the difficulty of the
game evolves in line with the player’s improvement.

V. CONCLUSIONS AND FUTURE WORK

This work presents a novel methodology that serves as a
guide to implement DDA in video games using ideas from
the theory of flow. Our methodology is divided into 2 phases:
pre-analysis and online game play. During pre-analysis we
collect and analyze game traces to identily the most relevant
game variables to assess the performance of the player. We
also create a case base of game fragments labeled with the
player’s skill level and a satisfaction scores. The second phase
takes place during the game and contirmously predicts the
current player’s profile and decides when and how Lo adapt
the difficulty of the game. To predict the player’s profile we
compare her performance during the last performance window
with those stored in the case base. In turn, the decision whether
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Lo alter the difficulty of the game depends on il the player
is in control, that we measure indirectly by comparing the
complexity of the last game states with the average complexity
of the games in the case base that were rated as good, too easy
or too difficult by other players with the same profile.

We have implemented this methodology in Tetris and
performed an experiment that shows that the average flow
experience is significantly higher using DDA that in the normal
version. We found no overall significant difference between the
flow experienced between the DDA and trivial versions, We
think this is because the participants were mostly beginners
with little experience playing Tetris and only played one trivial
game that lasted just 3 or 4 minutes and that was not enough
to find it tedious. Nevertheless, differences between trivial and
balanced versions can be found it we study beginners and
intermediate players separately. While we found a significant
difference for both versions with respect to the normal one in
beginners. for intermediate players we only found the balanced
version 1o be better than the normal one.

Although this work focuses on a particular game, we believe
that the proposed methodology is general enough to be applied
to a wide range of games. The main decisions that must be
made to use this methodology in a particular game are (1)
to identify the most relevant game variables to assess the
performance of the player during the game, (2) to decide
the length of the performance windows used for DDA, (3)
to define a function to measure the complexity of the game
during a performance window, and (4) to decide how to make
the game more difficult or easier depending on the player’s
needs at any given time. For example, in a classic game such
as Space Invaders the player’s performance could be measured
using variables such as the game score, the number of ships
and aliens destroyed, the number of shots that did not hit any
enemy, ...; new performance windows could be created every
10, 20 or 30 secconds depending on how often we want (o
reevaluate the difficulty of the game, with values collected
every few seconds; the complexity of the game could be
measure using the speed of the aliens, their distance to the
ground, the amount of barriers remaining for the player to
cover, ...; and the dilficultly ol the game could be changed by
altering the speed of the aliens or their fire rate. Of course,
these are just adeus that should be tested and evaluated by both
game designers, who know in detail how the different game
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mechanics work, and data analysts who can (ind and verily
patterns in the game traces.

Our proposal has some limitations as well. We use a case-
based implementation and, therefore, we require a good case
base that effectively represents different types of players and
games (with a good coverage and diversity of cases). In
addition, the decision of using ex-post questionnaires instead
of real-time sensors to measure the player experience has some
advantages (it is a not intrusive approach and it does not alter
the player’s experience), but it also means that we only get
feedback about the whole game (or at least a level of the game)
so we cannot differentiate which specific pacts induced more
or less flow in the player. As part of the future work, we would
like to research the use of non-intrusive devices to identify and
label good, too easy and too hard game fragments in the case
base. Note that those devices would only be needed during
the construction of the case base and not to perform DDA
once the game is released. The spectacular progress of smart
watches and bracelets in recent years makes us feel hopeful
in this regard. In fact, the use of these devices could also help
us to measure the effectiveness of a difficulty adjustment by
examining the subsequerd biometric response of the player.

Although the methodology presented in this paper is gen-
eral, we have only tested it with beginner and intermediate
players making the game easier and never more difficult. We
would also like to test this type of DDA during longer periods
ol time to sce il the difficulty of the game cvolves in line
with the player’s improvement. We are interested in the use
of DDA in serious games where keeping the player engaged
is critical to enhance learning over longer periods of time.
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