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Evaluation of SUDOKU Difficulty Levels
Using the User’s Skin Conductance Response

NAGISA MUNEKATA™ MASATOSHI SHIMIZU™
HITOSHI MATSUBARA™

A type of Pencil puzzle, "Sudoku(or Number Place)", has became world-wide popular in recent year. Sudoku puzzle generation
and solving were researched from various fields, is not only computer science research but cognitive science research that ravel
out human thinking processes. Cognitive science researcher focused on that is thinking processes of problem solving in games
such as chess and shogi as one way. To analyze the thinking process, researcher used protocol analysis. However, this method has
some problem that thinking is blocked by utterance and unconscious thinking is not used. In order to solve this problem, we
focused on biological information that always changes unconsciously as analysis method of thinking but utterance. We examine
users' skill level of sudoku by Skin conductance response that can measure change in thinking process and concentration. \We
examine users' skill level of sudoku by Skin conductance response that can measure change in thinking process and
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concentration.
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Figure 3 Sudoku puzzle 1 and 2 using the first experiment
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Table 1 Sudoku puzzles difficulty Levels

1A 2 A
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Table 2  Results of first experiment ( average )
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Table 6 Setting of User’s Skill

1 i H (Ultra Easy) 2 ¥ B (Easy) N7 ALk
i 5 PR 282.8 (5) 668.2 (s) fi 25 IR R E>B>C>D>A 5>4>3>2>1
SCR Bt & 143.72 119.88 SCR Kt~ & B<D<E<C<A 5<4<3<2<1
SCR /g | 73 79.4 SCR #/)if | B>E>C>D>A 5>4>3>2>1

FBRLAER (R 2) L0, 2 B IXEEOMERMIE,
SCREIGEIFIIEDFNEVMEZ /R LTV D Z ERbD
%. F7-, SCRESUSEN 2B O REVEZ R L T
L. ZOZ D, EIIC 2 BB ORERO TN, 1R
BliZlA_THEPTETEY, BV EDOEE D L
Tz EEZONS. IOV TIL, 4 OWBREND
TEBRPIEE 72K (1 H) ZBEL W) Lo
DFEONTEY, EREELZERLTLESZZ LML
HELTWEBEA LN, RICENENOHBIZOWT,
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Table 3 Results of game time ( with each participant )

A B c D E
1 [392(s) |232(s) |263(s) |247(s) | 280s)
2 |1098(s) | 558(s) |609(s) |68L(s) | 395(s)

# 4 SCRILEOFM (HrE L)
Table 4 Results of SCR Values (' with each participant )

A B Cc D E
1 | 33.6454 | 134.966 | 263.19 116.919 | 169.964
2 | 55.0951 | 70.7153 | 268.101 | 73.5979 | 131.885

# 5 SCREGEOIAMM (WsrE L)
Table 5 Results of no reaction of SCR Values

A B C D E
1 0.88 0.7 0.63 0.86 0.58
2 0.89 0.87 0.67 0.87 0.67
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Table 7 User’s Skill Level (with each participant)
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Figure 3 Sudoku puzzle using the second experiment
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# 8 HFUhRIE DS
Table 8 Sudoku puzzles difficulty Levels

3RIA
Borey hoe— 0.7033
7ex~ A 51
2T ORI 161
NP5 Easy
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BT Lic & S0P FNATE L&, BEVWEEIET
ERLBRVRONPERVE LWV E X IIEREICZDE
IR Z S¥. ERIL, AROREORELERL, By
= TiTo7T.

42 ER2#ER
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Table 9 Results of the game time ( with each participant )

A B Cc D E

3 |1140(s) | 346(s) |608(s) | 1023(s) | 652 (s)

# 10 SCR UGEOFHE (BeEr#HE Z &)
Table 10 Results of SCR Values ( with each participant )

A B Cc D E

3 | 374.3763 | 101.5771 | 411.8198 | 195.7653 | 108.4799

# 11 SCREGEOFM (BErE = L)
Table 11  Results of no reaction of SCR Values

A B C D E
3 0.69 0.77 0.58 0.5 0.68
INHOEBRERNS, X 1200 —ZHbETAFIL
LV L

# 12 AXA L LDk (HBRE L)
Table 12  Setting of User’s Skill

JNEAL AV b
i s T B>C>E>D>A 5>4>3>2>1
SCR it~ & B<E<D<A<C 5<4<3<2<1
SCR )i B | B>SASE>A>B 5>4>3>2>1
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# 13 AFXALLLDORE (HBRE L)
Table 13 User’s Skill ( with each participant )
A B C D E
FBR 1 (=—Fm) | 7 12 7 8 11
FEp2 (=—VFHm) | 4 12 9 10 10
ZORERND, ENENOHERE OMRHI 72 LV,
SEDE D MEICBWT, HORE—HLTWD I LR

(©2012 Information Processing Society of Japan

Vol.2012-UBI-35 No.6
Vol.2012-EC-25 No.6
2012/7/14

Shi-. BAKAIZIE, B & E OWBRE L, #5EDE S K
MBI NTS, R LY RERAELNATEY, 20
fOBERE ICB VT L, MRHIR A 5L LUV DIERLIEIE
BEELTOHRY. ZOZEMND, EBR1OKID 250D
M TR N — T OHEXIIR AT L LUV, ZOf
DLV DOREE RN B EICE LN AT L L~UL L T,
FFE—H LWz ERE Nz, L, FUESEIC
BEOBNDEHIRMETH-TYH, HH2—VIZE > T
EERLOREGER LD, MEZRLT VO EIFAE
ST, 2—HFRAFAITHNTIE, L0 EERICHTT 5 %
ERHD.

5. 8HYIC

AHFFETIL, EMOES EHEEEZPLREE L, Bl
iRt < L= DI D TN D REFER 2 N — R |Z2—F
DAF N L~YLEEE ORRETME L. = —TFDIRS
BN, BMTERATDIZA I 7R EoiTHiOMIZ, B
BOLET R EBEOREY O T DM EERIEE R - i
L7z, ARELNIZZ—FOAX L LLEEHL, K
WFFED FUL R T 2 =— W ~— X OB I RE 00 8 5) FE HE
TEEITWZNWEEZEZTWS. 20X ) Riizeix, ke nE
EF—NIBNT, 2—FDL LB I AL Ea—FD
VAUV, MR EOY ar T —a vl el
I ATREME 2 .

S Xk

1) Rory Sobolewski, Richard B. Reilly, Rory Sobolewski, Simon
Finnigan, Paul Dockree. : Monitoring of Cognitive Processes in Older
Persons, Proceedings of the 4th IEEE International Conference on
Neural Engineering 4th IEEE International Conference on Neural
Engineering, pp132-135 (2009).

2)  HTH—8&, BIGEEEMORBEER SRS AT L0 GH & P,
1 AL 23 55 70 [B] 42 [E K 2%, 4ZH-4, Mar. 2008.

3) Gary McGuire, Bastian Tugemann, Gilles Civario : There is no
16-Clue Sudoku: Solving the Sudoku Minimum Number of Clues
Problem (2012).

http://arxiv.org/abs/1201.0749v1

4)  LHE, HEEFEP: BSOS EHE- ke Yy
7 & MW BIE L ORE- |, RKIRTEREAE (FLTHR) 56 %,
p1-18. (2011).

5) LIRS, BREEE, MiARFIR, B EVE B/ERLLEY 3%, db
KiEEG. (1998).

6) KR RBEPUSUGIC X 2L FREMEIC DWW T,

A AZR 2 S 456 vol.14, pp145-151. (1990).

7)  Zhe Chen: Heuristic Reasoning on Graph and Game Complexity of
Sudoku, (2009).

http://arxiv.org/abs/0903.1659v1

8) FEYETS L 7L 300 Vol.1, A iR, (2010)

9) {FEHET 7L 300 Vol.2, A iR, (2010)

10)  HohT—% 7K, Homia(s vol.16, ==Y, 2009 4 11
H 10 H. (2009).

11) Foley, J. D. et al.: Computer Graphics - Principles and Practice,
System Programming Series, Addison-Wesley, Reading, Massachusetts,
2nd edition (1990).



