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An Analysis of Human Behavioral Selection for Introducing
Cognitive Biases and Biological Constraints into Game Al

HIKARU SAkKAMOTOY® CHU-HsUAN Hsuen!?) Kokoro IKEDA 1+

Abstract: Game Al that only focuses on strength may have some issues, such as mechanical or unnatural
behaviors. To address these issues, researchers try to create game Al whose behaviors look like humans. To
achieve human likeness, many approaches introduce human biological constraints and cognitive biases. Even
though many approaches have been proposed, many of them have not yet been verified as to which ones are
effective or how to implement them. In this paper, we target the multi-armed bandit problem to analyze
which kinds of cognitive biases and biological constraints are effective in producing human-like behaviors.
We conduct a subject experiment asking participants to play the multi-armed bandit problems, investigate
human selection tendencies, and compare the results with other bandit algorithms. As a result, we identified
common tendencies among subjects and behaviors that differ from the Bandit algorithm, and discussed the
cognitive biases and biological constraints that influence these tendencies.
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Table 1 Patterns of Bandit Problems Conducted

i A D i B @

pattern R R step fifi%
1 0.25 0.85 50 IR D DK E W
2 0.55 0.45 50 HWIMHER D DN E W
3 0.80 0.70 50 WML D EIVNE L, HEREBEE L HEN
4 0.20 0.30 50 WIMFER D EDVNE K, FERDEE 5 HIR
5 0.65 0.35 50 R O IR
6 0.05 0.10 50 RIS 2 MK FFAT oD MR
7 0.95 0.90 50 RIS 58/ NIl D AREE
8 0.50 0.50 50 RN —HTH 25
9 0.50 0.50 50  (Kik) B0 3 EHEEE T A 134725, BB i3s3
10 0.35 0.55 50  (FEk) mANC 3 MHEKGETHE A 13%7=5%, BB i3s3
11 0.25 0.85 10 MR DEIKE W
12 0.30 0.20 10 WIMHERDED/NE K, FERDEE 5 HRV
13 0.80 0.70 10 MR DED/NE K, R E 5 HEV
14 0.50 0.50 10 RN —HTHIHE
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patternl pattern 4
step select reward select reward
! A 0 A 1
2 A 0 A 0
8 A 0 B 0
4 A 0 B 0
5 A 0 A 0
6 B 1 A 0
! B 1 A 1
8 B 1 B 0
° B 0 B 0
10 B 1 B 0
" A 1 A 1
12 A 0 A 0
13 A 0 A 0
14 A 0 A 1
15 A 0 A 0
16 B 1 B 0
7 B 1 B 0
18 B 1 B 0
19 B 1 B 1
20 B 1 B 0
2 B 1 A 1
22 B 1 A 1
2 B 1 A 0
24 B 1 A 0
25 B 1 A 0

2 WEREOTENEIREED—E. HOWBEDS D (X — 1,
RR—2 4)

Fig. 2 Part of the subject’s action selection history. Other
subjects’ (Pattern 1, Pattern 4)

7 8 9 10 7 8 9 10

Number of consecutive selections of the same arm (pattern1) Number of consecutive selections of the same arm (pattern3)

- armA
© —armB

- armA
- amB

0
3 4 5 6 7 8 9 10 3 4 H 6 7 8 9 10
Number of consecutive selections of the same arm (pattern6) Number of consecutive selections of the same arm (patten7)

3 MUMZEHLTHIKERDOLRANTT L (K =21, 3,6,
7
Fig. 3 Histogram of the number of consecutive selections of
the same arm (Patterns 1,3,6,7)
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R 2 PEREOVEERM, FRE,
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Table 2 Mean and standard deviation of subjects’ mean re-

wards, correctness rate, and number of arm changes

pattern SRR IEfRH 22 TR A4
1(0.25:0.85) |0.75 = 0.09 0.86 £ 0.11 6.6 = 4.8
2 (0.55 : 0.45) |0.51 £ 0.09 0.63 £ 0.18 14.4 £ 12.8
3 (0.80:0.70) |0.77 £ 0.06 0.60 = 0.30 8.2 6.2
4 (0.20 : 0.30) |0.23 = 0.06 0.54 = 0.19 19.6 = 13.6
5 (0.65 : 0.35) |0.60 £ 0.08 0.77 £ 0.16 10.8 = 8.2
6 (0.05:0.10) | 0.08 & 0.05 0.62 £+ 0.13 21.0 = 15.4
7 (0.95:0.90) |0.93 £ 0.04 0.62 £ 0.36 8.2 9.7
8 (0.50 : 0.50) |0.53 £ 0.05 | (A:0.47 £ 0.26) | 12.4 = 10.6
9 (0.50 : 0.50) |0.50 £ 0.07 | (A:0.77 £ 0.17) | 10.4 £ 9.3
10 (0.35 : 0.55) | 0.43 £ 0.08 | (B:0.38 £ 0.22) | 13.4 = 11.3
11 (0.25 : 0.85) |0.71 £ 0.17 0.76 £ 0.14 3.3+26
12 (0.30 : 0.20) | 0.23 £ 0.11 0.50 £+ 0.13 6.1 = 2.0
13 (0.80 : 0.70) | 0.72 £ 0.12 0.70 = 0.23 3.7t 27
14 (0.50 : 0.50) | 0.46 £ 0.12| (A:0.48 £ 0.20) | 4.6 = 2.5
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(mean = sd)

BNYT 4y bTAITY X LDV, B, BZERK OV & EE L

Table 3 Mean and standard deviation of bandit algorithms’ mean rewards, correctness

rate, and number of arm changes

pattern €-greedy (€=0.2) UCB (c=1/v/2) Thompson-Sampling
Rk EfiER ZEEEE | FER IEfiER AL Rk IEfiER pALETE
1 0.75 £ 0.09| 0.84 = 0.13 9.4 3.7 |0.81 £ 0.05| 0.93 = 0.04 4.7+ 2.2 |0.80 £ 0.06| 0.93 £ 0.05 55+ 3.1
2 0.51 £ 0.08| 0.61 £ 0.31 10.1 £ 4.0|0.51 = 0.07| 0.63 = 0.22 11.5 £ 4.2 |0.51 £ 0.07| 0.62 £0.24 [16.0 £ 6.3
3 0.76 £ 0.07| 0.62 = 0.30 9.9 + 4.0 |0.77 = 0.06| 0.65 = 0.21 10.7 £ 5.9 |0.77 = 0.06| 0.64 £ 0.26 14.2 £ 6.9
4 0.26 £ 0.07| 0.62 £ 0.31 10.8 £ 4.2|0.26 = 0.07| 0.63 = 0.17 17.6 = 4.7 |0.26 = 0.07| 0.62 £ 0.20 18.0 = 5.5
5 0.58 + 0.10| 0.76 = 0.23 9.7 £ 3.8 |0.60 = 0.08| 0.82 £ 0.13 9.1 £3.5 |0.59 = 0.08| 0.80 £ 0.15 |[11.6 £ 5.8
6 0.08 = 0.04| 0.60 = 0.28 13.6 = 5.6|0.08 = 0.04| 0.57 £ 0.11 33.0 = 6.3 [0.08 £ 0.04| 0.58 = 0.15 |21.9 + 4.4
7 0.93 = 0.04 0.61 = 0.27 114 + 5.3(0.93 = 0.04 0.59 = 0.14 25.0 £ 12.9/0.93 = 0.04 0.61 = 0.28 14.1 £ 7.3
8 0.50 £ 0.07 | (A:0.50 £ 0.33) [10.2 = 4.1|0.50 £ 0.07 | (A:0.50 £ 0.24) | 11.9 = 4.3 [0.50 = 0.07| (A:0.50 £ 0.26) | 16.7 = 6.1
9 0.51 £ 0.07 | (A:0.75 £ 0.22) [10.2 = 4.0|0.51 £ 0.07 | (A:0.64 = 0.20) | 11.1 = 3.2 [0.51 = 0.07| (A:0.70 £ 0.19) | 15.2 = 6.1
10 0.45 £ 0.09 | (B:0.41 £ 0.27) [10.2 = 4.1]0.48 = 0.08 | (B:0.60 £ 0.18) | 11.6 = 3.4 [0.46 £ 0.08| (B:0.50 * 0.21) | 16.6 + 5.3
11 0.67 £ 0.21 0.70 = 0.30 2.3+ 1.6 |0.74 = 0.14| 0.82 = 0.13 2.2+ 1.6 |0.71 £ 0.15| 0.76 £ 0.17 3.2+ 1.7
12 0.26 £ 0.14| 0.55 £ 0.32 3.0+ 1.9 |0.26 = 0.14| 0.57 = 0.18 53+ 1.8 |0.25 = 0.14| 0.54 £ 0.18 4.7+ 1.6
13 0.76 = 0.14 0.54 = 0.37 2.2 + 1.8 |0.76 = 0.13 0.58 = 0.26 4.3 + 2.6 |0.76 = 0.14 0.56 + 0.27 3.6 £ 1.8
14 0.50 £ 0.16 | (A:0.50 £ 0.36) | 2.4 £ 1.7 | 0.50 £ 0.16 | (A:0.51 = 0.24) | 3.9 £ 1.8 [0.50 = 0.16| (A:0.50 £ 0.24) | 4.1 £ 1.7
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4 IR D2 L BIRE D IEFR OB R T4y P TATYVALEDBENEWSHERICR o7 T
Fig. 4 Relationship between the difference in reward probabil- L, FRICEE R 2RI 2 FohTsh, Dt

ity and the subject’s percentage of correct answers.
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K4 RX—VITIEER c OfE
Table 4 Optimal c value for each pattern

pattern 1 2 3 4 5 6

7

8 9 10 11 12 13 14

[¢ 0.05 0.10 0.10 0.10 0.00 0.15

0.00

0.05 040 030 070 1.10 0.05 1.15
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UCB i22WTC, HREIEMOMEA % AT 285 X — °%] _Eiﬁiiﬁi
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Fig. 5 Relationship between the strength of the exploration

propensity (c) and the selection agreement rate
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