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Spatial Beauty Contest Game

O

Other’s goal
Right 2, Above 4

▓ Your choice
▓ Other’s choice

Your goal
Left 4, Below 2

Game 15
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Spatial Beauty Contest Game
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Spatial Beauty Contest Game
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Spatial Beauty Contest Game

▓ Your choice
▓ Other’s choice
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Spatial Beauty Contest Game

▓ Your choice
▓ Other’s choice
▓ Other’s target

Other’s goal
Right 2, Above 4

Your goal
Left 4, Below 2

-20
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Game 15
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Experimental Design
 Map size and goals vary across 36 trials. 

 Each player choose simultaneously

 The payoff is the following :
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Experimental Design
 200 subjects:
 88 eye-tracked subjects

 112 mouse-tracked subjects.

 Post experiment questionnaire
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The Level-k Model
 L0 randomly choose on the map
 On average the center

 BR to L0 = BR to (0,0)
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The Level-k Model

← ← ← O

↓

L1

Other’s goal
Right 2, Above 4

Your goal
Left 4, Below 2

▓ L0

▓ L1

Game 15
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The Level-k Model
Other’s goal

Right 2, Above 4
Your goal

Left 4, Below 2

▓ L0

▓ L1

▓ L2’

L2’

↑

↑ O

↑

L1 → →

Game 15
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The Level-k Model
Other’s goal

Right 2, Above 4
Your goal

Left 4, Below 2

▓ L0

▓ L1

▓ L2’
▓ L3

← ← L2’

↓

L3 O

L1

Game 15



2021/12/10 Eyetracking Spatial Beauty Contests Joseph Tao-yi Wang

The Level-k Model
Other’s goal

Right 2, Above 4
Your goal

Left 4, Below 2

▓ L0

▓ L1

▓ L2’
▓ L3

L3’ L1’

L2’

EQ L2

L3 O

L1

▓ L1’
▓ L2

▓ L3’
▓ EQ (L4) Game 15
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The level-k model

Above 2 Right 2

Confirm Cancel

Trial 8
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Initial Lookups
 Evenly split each map 
into 3 × 3 grids

 Percentage of fixations 
on each grid in the first 
1% of the time

 Most lookups start from 
the center (L0)
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Initial lookup
 Subject’s ini-lookup:
 initial lookups fall 

mostly in that type.

 Only 6 and 10 people 
were classified as TL 
and TC.

0

20

40

60

80

TL TC TR ML O MR BL BC BR

ini-lookup subject-by-subject
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20%

30%
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50%
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70%

80%

TL TC TR ML O MR BL BC BR

ini-lookup subject-by-subject

this study

CHW(2018)

No Top-left Focal Point
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Misbehaving

Why 
Nation 
Fails?
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Choice Based Classification: Method
 Model the choice by logit error structure:

 Assuming constant among trials, the MLE 
objective function is:
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Classification Result
 Eye-tracked, N=88
 (12, 18, 26, 15, 17)

 Average thinking steps 
= 2.08

0%

5%

10%

15%

20%

25%

30%

35%

L0 L1 L2 L3 EQ

Type Distribution

Eye-tracked
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Classification Result
 Mouse-tracked, N=112
 (25, 17, 19, 19, 32)

 Average thinking steps 
= 2.14

 Influence of Eye-tracking 
is not significant

0%

5%

10%

15%

20%

25%

30%

35%

L0 L1 L2 L3 EQ

Type Distribution

Eye-tracked Mouse-tracked

p=0.092
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Classification Result
 CHW, N=17
 (2, 4, 4, 4, 3)

 0.04 steps less than 
CHW

0%
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10%

15%
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30%

35%

L0 L1 L2 L3 EQ

Type Distribution

CHW Eye-tracked Mouse-tracked
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Lookup Based Classification: Method

Initial lookup

Markov switching matrix

2nd lookup prior
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Lookup Based Classification: Method

t+1th lookup 
prior

tth lookup
posterior



2021/12/10 Eyetracking Spatial Beauty Contests Joseph Tao-yi Wang

Classification Result
𝐿𝑘𝑐

L0 L1 L2 L3 EQ RT
Lookup
Class.

𝐿𝑘𝑙

L0 5 4 6 3 3 18.75 21

L1 1 8 1 0 1 16.07 11

L2 2 1 7 3 1 17.83 14
L3 3 5 9 9 8 19.41 34
EQ 1 0 3 0 4 20.97 8
RT11.53 14.78 20.48 17.74 26.17 33

Choice
Class.

12 18 26 15 17 N=88
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Classification Result
𝐿𝑘𝑐

L0 L1 L2 L3 EQ RT
Lookup
Class.

𝐿𝑘𝑙

L0 5 4 6 3 3 18.75 21

L1 1 8 1 0 1 16.07 11

L2 2 1 7 3 1 17.83 14
L3 3 5 9 9 8 19.41 34
EQ 1 0 3 0 4 20.97 8
RT11.53 14.78 20.48 17.74 26.17 33

Choice
Class.

12 18 26 15 17 N=88
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Lookup x Choice
𝐿𝑘𝑐

L0 L1 L2 L3 EQ RT
Lookup
Class.

𝐿𝑘𝑙

L0 5 4 6 3 3 18.75 21

L1 1 8 1 0 1 16.07 11

L2 2 1 7 3 1 17.83 14
L3 3 5 9 9 8 19.41 34
EQ 1 0 3 0 4 20.97 8
RT11.53 14.78 20.48 17.74 26.17 33

Choice
Class.

12 18 26 15 17 N=88
Lookup types and Choice types are not independent (Chi-Square p<0.01)
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Are There Other Types?

 Costa-Gomes and Crawford (2006) : pseudo-types 
cluster

 Each subject in a pseudo-type cluster satisfies:
 The prediction by any other in the cluster is better than the 

prediction by the models.
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Pseudo-type: 15 Clusters, 20 Subjects
 This study:
 15 clusters

Overlap!!

 20 subjects

 CGC: 
 5 clusters

Non-overlap

 11 subjects

2 clusters:
 3, 69
 5, 69
 22, 33
 27, 66
 27, 69
 35, 69
 39, 59
 76, 80

3 clusters:

 27,41,54

 27,84,87

 33,46,59

5 clusters:

 25, 27, 46, 54, 61

 25, 27, 46, 59, 61

 27, 46, 54, 61, 84

 27, 46, 54, 68, 84
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Questionnaire of Subject 87

 “If the other's target is 
right 2 above 3, delete 
the leftmost two 
columns and the 
downmost three rows 
choose a point near 
center and move 
according to own 
target...”

D0′

Other’s goal
Right 2, Above 3

Your goal
Left 3, Below 2
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Questionnaire of Subject 87

 “If the other's target is 
right 2 above 3, delete 
the leftmost two 
columns and the 
downmost three rows 
choose a point near 
center and move 
according to own 
target...”

← ← ← D0’

↓

↓

↓

D1

Other’s goal
Right 2, Above 3

Your goal
Left 3, Below 4
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The Dominance Model

 We use the definition of D1 in Costa-Gomes, Crawford 
and Broseta (2001) which is:

 D1: Does 1 round of deletion of dominance and best 
responds to a uniform prior over its partner’s remaining 
decisions.

 D0: Randomize over remaining decisions after 1 round of 
deletion.
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Choice-based Classification w/ D0 and D1 Types

0

5

10

15

20

L0 L1 L2 L3 EQ D0 D1

Type Distribution
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Pseudo-type Clusters

 After adding the 2 additional types… 

clusters:

•39 59

•54 68

•76 80

•84 87



2021/12/10 Eyetracking Spatial Beauty Contests Joseph Tao-yi Wang

0%
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10%

15%
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25%

30%

L0 L1 L2 L3 EQ D0 D1

eye-tracked mouse-tracked
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Omitted Types – U0\U1

 Lookup of D0 & D1

cannot be model.

 Define U type: 
Start level-k reasoning 
from the undominated 
location.

← ← ← U0’

↓

↓

↓

U1

Other’s goal
Right 2, Above 3

Your goal
Left 3, Below 4



2021/12/10 Eyetracking Spatial Beauty Contests Joseph Tao-yi Wang

Lookup x Choice
𝐿𝑘𝑐

𝐿𝑘𝑙 L0 L1 L2 L3 EQ U0 U1 𝑅𝑇𝑙 𝐿𝑘𝑙
L0 4 3 4 0 3 2 3 18.5 19
L1 1 3 0 0 1 1 0 14.8 6
L2 2 0 5 2 0 1 0 15.1 10
L3 2 1 7 6 6 3 6 19.1 31
EQ 1 0 2 0 4 0 1 21.0 8
U0 1 2 0 1 3 4 0 24.2 11
U1 0 0 1 0 0 0 2 10.2 3
𝑅𝑇𝑐 11.0 12.0 20.2 19.7 26.2 17.7 18.1 28
𝐿𝑘𝑐 11 9 19 9 17 11 12
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Omitted Types
 6 out of 88 subjects are classified as U0 and U1 

consistently.

 The others with U0, U1 choice might be D0, D1

subjects.
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Summary
 Top-left bias might be related to writing system

 33 out of 88 follow level-k reasoning

 Identify 23 D0 and D1 with pseudo-type clusters of 
choice

 Use U0 and U1 to model the D-type lookup
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Applying Machine Learning Methods to Eyetracking
 EMHMM in Cognitive Science
 Chuk, T., Chan, A. B., & Hsiao, J. H. (2014). 

Understanding eye movements in face recognition using 
hidden Markov models. Journal of Vision, 14(11):8, 1-14.

 Preliminary Results: HMM with logistic errors

1. EM w/o predefined Lk model captures literal Lk data

2. VBEM with Lk model can predict subjects’ choices



Counting grids

New data (N = 88)CHW2018 (N = 17)
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 No predefined
states
 Noise reduction:

 Drop isolated 
fixations

 L1 states
 vs.

 EM-estimated
states

EM w/o predef-Lk: CHW 2018, Subject #10 (Literal L1)
#10 literal L1 (λ = 0.93) rep = 100, prior fixed. Drop isolated fixations
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EM w/o predef-Lk: CHW 2018, Subject #10 (Literal L1)
#10 literal L1 (λ = 0.93) rep = 100, prior fixed. Drop isolated fixations
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Preliminary Result
#10 literal L1 (λ = 0.93) rep = 100, prior fixed. Keep only 90°，0°

 No predefined
states
 Noise reduction:

 Keep horizontal & 
vertical saccade

 L1 states
 vs.

 EM-estimated
states
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Preliminary Result
#10 literal L1 (λ = 0.93) rep = 100, prior fixed. Keep 
only 90°，0°
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VBEM with Lk model
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Follow-up
 Preliminary results:
 EM w/o predefined Lk model captures literal Lk data

 VBEM with Lk model can predict subjects’ choices

 Next step: Build machine learning tool to discover 
strategies
 VBEM without predefined models

 Cluster HMMs (e.g., Lan & Chen, 2021)
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Simulate CHW Level-k Lookups (λ = 5, 35 fixations)
 Own Target: ( 2, 0) Other Target: ( 0,-2)

 Own Target: (-4,-2) Other Target: ( 2, 4)
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CHW: λ = 0.6

(41/88 of our subjects have estimated λ > 0.6)
CHW: Well Recovered for λ = 0.6 (N = 100)

36 Games (k) 36 Games (λ)
L0 L1 L2 L3 L4 L0 L1 L2 L3 L4

L0 86% 11% 2% 1% - L0
0.60
(0.02)

0.60
(0.01)

0.60
(0.01)

0.58
(0.00)

-

L1 - 100% - - - L1
- 0.60

(0.02)
- - -

L2 - - 84% - 16% L2
- - 0.60

(0.03)
- 0.60

(0.03)

L3 - - - 100% - L3
- - - 0.60

(0.03)
-

L4 - - - - 100% L4
- - - - 0.60

(0.02)
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CHW: λ = 0.6

Still recover well using only 12 Easy games!
CHW: Well Recovered for λ = 0.6 (N = 100)

12 Easy Games (k) 12 Easy Games (λ)

L0 L1 L2 L3 L4 L0 L1 L2 L3 L4

L0 72% 20% 8% - - L0
0.60
(0.04)

0.61
(0.04) 

0.60
(0.02) 

- -

L1 - 100% - - - L1
- 0.59

(0.04)
- - -

L2 - - 99% - 1% L2
- - 0.60

(0.04)
- 0.57

(0.00)

L3 - - - 100% - L3
- - - 0.60

(0.04)
-

L4 - - - - 100% L4
- - - - 0.61

(0.04)
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CHW: λ = 0.6

Or 12 Hard games!
CHW: Well Recovered for λ = 0.6 (N = 100)

12 Hard Games (k) 12 Hard Games (λ)

L0 L1 L2 L3 L4 L0 L1 L2 L3 L4

L0 74% 22% 3% 1% - L0
0.60
(0.04)

0.61
(0.04)

0.63 
(0.01)

0.49
(0.00)

-

L1 - 100% - - - L1
- 0.60

(0.04)
- - -

L2 - - 97% - 3% L2
- - 0.61

(0.04)
- 0.59 

(0.04)

L3 - - - 100% - L3
- - - 0.60

(0.04)
-

L4 - - 1% - 99% L4
- - 0.58 

(0.00)
- 0.60

(0.04)
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CHW: λ = 0.6

(30/88 of our subjects have estimated λ < 0.5; 16/88 have λ < 0.4!)
CHW: Not Recovered for λ = 0.4 (N = 100)

36 Games (k) 36 Games (λ)
L0 L1 L2 L3 L4 L0 L1 L2 L3 L4

L0 83% 11% 6% - - L0
0.40
(0.02)

0.39 
(0.01)

0.40
(0.02)

- -

L1 - 66% - 34% - L1 -
0.37 
(0.05)

-
0.39

(0.05)
-

L2 - - 65% - 35% L2 - -
0.37 
(0.03)

-
0.40

(0.02)

L3 - - - 100% - L3 - - -
0.35 
(0.04)

-

L4 - - - - 100% L4 - - - -
0.35 
(0.05)
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CHW: λ = 0.6

Neither Easy games!
CHW: Not Recovered for λ = 0.4 (N = 100)

12 Easy Games (k) 12 Easy Games (λ)
L0 L1 L2 L3 L4 L0 L1 L2 L3 L4

L0 86% 13% 1% - - L0
0.40
(0.03)

0.38
(0.03)

0.40
(0.00)

- -

L1 - 79% - 21% - L1 -
0.39 
(0.05)

-
0.40

(0.03)
-

L2 - - 93% 3% 4% L2 - -
0.39 
(0.05)

0.37
(0.03)

0.43
(0.02)

L3 - - 11% 89% - L3 - -
0.32

(0.05)
0.40 
(0.05)

-

L4 - - 18% 3% 79% L4 - -
0.35

(0.03)
0.35

(0.02)
0.41 
(0.03)
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CHW: λ = 0.6

Nor Hard games!
CHW: Not Recovered for λ = 0.4 (N = 100)

12 Hard Games (k) 12 Hard Games (λ)
L0 L1 L2 L3 L4 L0 L1 L2 L3 L4

L0 81% 17% 2% - - L0
0.40
(0.03)

0.40
(0.04)

0.42 
(0.02)

- -

L1 - 69% - 31% - L1 -
0.38 
(0.05)

-
0.41

(0.04)
-

L2 - - 96% - 4% L2 - -
0.40 
(0.04)

-
0.40

(0.04)

L3 - 2% 1% 97% - L3 -
0.21

(0.03)
0.28

(0.00)
0.39 
(0.05)

-

L4 - - 51% - 49% L4 - -
0.37

(0.04)
-

0.40 
(0.05)
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CHW: λ = 0.6

Even with only 12 Easy or Hard games!
VBEM: Recovered for λ = 0.6 (N = 100)

12 Easy Games (k) 12 Hard Games (k)
L0 L1 L2 L3 L4 L0 L1 L2 L3 L4

L0 100% - - - - L0 100% - - - -

L1 - 100% - - - L1 - 100% - - -

L2 - - 100% - - L2 - - 97% - 3%

L3 - - - 100% - L3 - - - 100% -

L4 - - - - 100% L4 - - 6% - 94%
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CHW: λ = 0.6

Or, 6 Easy or Hard games!
VBEM: Recovered for λ = 0.6 (N = 100)

6 Easy Games (k) 6 Hard Games (k)
L0 L1 L2 L3 L4 L0 L1 L2 L3 L4

L0 100% - - - - L0 100% - - - -

L1 - 100% - - - L1 - 100% - - -

L2 - - 94% - 6% L2 - - 94% - 6%

L3 - 1% - 99% - L3 - - - 100% -

L4 - - 6% - 94% L4 - - 7% - 93%
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CHW: λ = 0.6

Even with only 6 Easy or Hard games!
VBEM: Still Okay for λ = 0.4 (N = 100)

6 Easy Games (k) 6 Hard Games (k)
L0 L1 L2 L3 L4 L0 L1 L2 L3 L4

L0 100% - - - - L0 100% - - - -

L1 - 100% - - - L1 - 100% - - -

L2 - - 89% 2% 9% L2 - - 70% - 30%

L3 - - - 100% - L3 - 2% - 98% -

L4 - - 5% 2% 93% L4 - - 13% - 87%
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CHW: λ = 0.6

λ = 0.2 vs. λ = 0.6
VBEM: Or All 36 Games with λ = 0.2 (N = 100)

36 Games (k) 36 Games (λ)
L0 L1 L2 L3 L4 L0 L1 L2 L3 L4

L0 100% - - - - L0 100% - - - -

L1 - 100% - - - L1 - 100% - - -

L2 - - 81% - 19% L2 - - 100% - -

L3 - - - 100% - L3 - - - 100% -

L4 - - 3% - 97% L4 - - - - 100%



2021/12/10

Audience Q&A Session

ⓘ Start presenting to display the audience questions on this slide.
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Thank You
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Bootstrap & Vuong’s test

Perform bootstrap & Vuong’s test as a robustness check.

Bootstrap:

1. Randomly draw 36 trials with replacement.

2. Perform the former MLE classification method.

3. Repeat 1. and 2. for 1000 times.
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Bootstrap & Vuong’s test
Perform bootstrap & Vuong’s test as a robustness check.

Vuong’s test:

𝑚𝑛 : the log likelihood difference of trial n between the largest 

and second largest level-k type.



id Lkc 𝐿𝑘𝑐
𝑎𝑙𝑡 Vuong

Bootstrap 
Miss Rate

1 L0 L1 82.90* 0.000* 
2 L2 EQ 6.50* 0.000* 
3 L1 L0 2.07* 0.026* 
4 L1 L3 0.62 0.328 
5 L1 L2 0.64 0.303 
6 EQ L3 0.57 0.240 
7 L3 EQ 1.01 0.198 
8 L1 L3 1.41 0.060 
9 L0 L2 3.74* 0.000* 

10 EQ L3 1.59 0.097 
11 EQ L3 4.70* 0.000* 
12 EQ L3 3.76* 0.000* 
13 L2 EQ 1.27 0.080 

id Lkc 𝐿𝑘𝑐
𝑎𝑙𝑡 Vuong

Bootstrap 
Miss Rate

14 L3 L2 0.45 0.522 
15 L0 L2 2.00* 0.041* 
16 L2 EQ 3.73* 0.000* 
17 L2 EQ 7.12* 0.000* 
18 L3 EQ 0.97 0.196 
19 L2 L3 1.33 0.097 
20 L1 L3 0.15 0.405 
21 L2 L3 3.06* 0.000* 
22 L3 L2 0.19 0.459 
23 L2 L3 1.55 0.053 
24 L1 L3 0.96 0.275 
25 L3 L2 0.58 0.444 
26 L2 L3 0.90 0.190 



id Lkc 𝐿𝑘𝑐
𝑎𝑙𝑡 Vuong

Bootstrap 
Miss Rate

27 L2 L1 0.03 0.497 
28 L3 L2 0.65 0.305 
29 L2 EQ 0.87 0.233 
30 L2 EQ 3.36* 0.000* 
31 EQ L3 1.24 0.248 
32 EQ L3 2.57* 0.008* 
33 L3 L2 0.93 0.162 
34 L2 L3 1.17 0.153 
35 L1 L3 3.28* 0.001* 
36 L1 L3 5.50* 0.000* 
37 L0 L2 0.84 0.218 
38 L1 L3 10.12* 0.000* 
39 L2 L3 2.22* 0.100 

id Lkc 𝐿𝑘𝑐
𝑎𝑙𝑡 Vuong

Bootstrap 
Miss Rate

40 L3 EQ 3.85* 0.000* 
41 L0 L1 0.72 0.241 
42 EQ L3 1.73 0.015* 
43 L3 L2 1.74 0.054 
44 L2 L3 0.45 0.322 
45 L0 L2 1.29 0.147 
46 L3 L2 0.10 0.493 
47 L1 L3 1.17 0.109 
48 L3 L2 1.61 0.056 
49 L0 L1 0.78 0.228 
50 EQ L3 1.89 0.030* 
51 L0 L1 2.43* 0.000* 
52 L0 L1 1.04 0.163 



id Lkc 𝐿𝑘𝑐
𝑎𝑙𝑡 Vuong

Bootstrap 
Miss Rate

53 L1 L3 0.62 0.300 
54 L2 L3 2.07* 0.020* 
55 L0 L1 9.12* 0.000* 
56 EQ L2 0.88 0.400 
57 L2 L3 3.01* 0.001* 
58 L2 L0 0.08 0.527 
59 L2 L3 0.74 0.272 
60 L1 L3 2.89* 0.000* 
61 L2 L3 0.82 0.273 
62 L1 L3 5.97* 0.000* 
63 L2 EQ 2.48* 0.004* 
64 EQ L3 0.75 0.176 
65 L1 L3 2.42* 0.010* 

id Lkc 𝐿𝑘𝑐
𝑎𝑙𝑡 Vuong

Bootstrap 
Miss Rate

66 L1 L3 0.58 0.278 
67 L1 L3 1.26 0.066 
68 L2 L3 2.45* 0.002* 
69 L1 L0 1.96* 0.009* 
70 L3 EQ 2.43* 0.017* 
71 EQ L3 4.09* 0.000* 
72 L0 L2 2.18* 0.026* 
73 L2 EQ 3.66* 0.036* 
74 L0 L2 0.28 0.482 
75 L2 EQ 2.75* 0.001* 
76 EQ L3 5.94* 0.000* 
77 EQ L3 0.36 0.497 
78 EQ L3 1.42 0.100 



id Lkc 𝐿𝑘𝑐
𝑎𝑙𝑡 Vuong

Bootstrap 
Miss Rate

79 EQ L3 2.66* 0.007* 
80 EQ L3 7.36* 0.000* 
81 L3 L2 2.16* 0.017* 
82 EQ L3 2.24* 0.003* 
83 L1 L3 7.00* 0.000* 
84 L2 L3 3.47* 0.000* 
85 L2 EQ 2.75* 0.000* 
86 L3 L2 1.62 0.047* 
87 L2 L3 2.58* 0.009* 
88 L3 L1 0.07 0.617 
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Pseudo-type Clusters

 After adding the 2 additional types… 
 Sum both targets and jump to that corner: #76 & #80

clusters:

• 39 59

• 54 68

• 76 80 → Sum target corner/ SCL4

• 84 87
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Subj76:
Sum target 
corner

Subj80:
SCL4

id 𝐿𝑘𝑐
∗ 𝐿𝑘𝑐

𝑎 Vuong signi lambda
76Corner SCL4 1.37 0 1.66

80SCL4 Corner 1.54 0 3.64
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Subj76:
Sum target 
corner

Subj80:
SCL4

Me 𝑥1 𝑦1
+ Another 𝑥2 𝑦2

+ + (top-right)
+ - (bottom-right)
- + (top-left)
- - (bottom-left)

The formula is:
(own target)×2+ (opponent’s target)×2

id 𝐿𝑘𝑐
∗ 𝐿𝑘𝑐

𝑎 Vuong signi lambda
76Corner SCL4 1.37 0 1.66

80SCL4 Corner 1.54 0 3.64



Subj76

▓ Choice



Subj80

▓ Choice
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Classification Result: Lookup

 Average thinking steps 
= 1.97

 0.03 step less than CHW

0%

10%

20%

30%

40%

50%

L0 L1 L2 L3 EQ

Type Distribution

1st CHW
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id 𝐿𝑘𝑙 𝐿𝑘𝑙
𝑎𝑙𝑡 Vuong 𝐿𝑘𝑙

∗ 𝐿𝑘𝑐

1 L1 L0 0.67 L0 L0*
2 EQ L2 2.21* EQ L2*
3 L3 L1 0.02 L1 L1*
4 EQ L2 0.00 L2 L1
5 L3 L0 3.65* L3 L1
6 L3 L0 13.40* L3 EQ
7 L3 L1 6.42* L3 L3
8 L3 L1 0.00 L1 L1
9 L2 L0 0.00 L0 L0*

10 L3 L2 5.67* L3 EQ
11 EQ L2 0.00 L2 EQ*
12 EQ L0 8.79* EQ EQ*
13 L3 L2 2.56* L3 L2

id 𝐿𝑘𝑙 𝐿𝑘𝑙
𝑎𝑙𝑡 Vuong 𝐿𝑘𝑙

∗ 𝐿𝑘𝑐

14 L0 L0 - L0 L3
15 L3 L2 2.81 L3 L0*
16 EQ L2 1.83 L2 L2*
17 L3 L2 0.07 L2 L2*
18 L0 L0 - L0 L3
19 EQ L2 0.00 L2 L2
20 L3 L2 5.00* L3 L1
21 EQ L2 0.96 L2 L2*
22 L3 L1 5.00* L3 L3
23 L3 L2 5.23 L3 L2
24 L2 L0 0.00 L0 L1
25 L3 L1 2.68* L3 L3
26 EQ L3 4.64* EQ L2
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id 𝐿𝑘𝑙 𝐿𝑘𝑙
𝑎𝑙𝑡 Vuong 𝐿𝑘𝑙

∗ 𝐿𝑘𝑐

27 L2 L1 0.86 L1 L2
28 L3 L1 6.54* L3 L3
29 L2 L0 0.00 L0 L2
30 L3 L1 3.93* L3 L2*
31 L0 L0 - L0 EQ
32 EQ L3 1.27 L3 EQ*
33 L3 L1 6.48* L3 L3
34 L3 L2 0.00 L2 L2
35 L2 L1 -0.00 L1 L1*
36 L1 L0 5.75* L1 L1*
37 EQ L2 0.98 L2 L0
38 L1 L0 6.53* L1 L1*
39 L3 L1 2.84* L3 L2+

id 𝐿𝑘𝑙 𝐿𝑘𝑙
𝑎𝑙𝑡 Vuong 𝐿𝑘𝑙

∗ 𝐿𝑘𝑐

40 L3 L1 8.86* L3 L3*
41 L3 L1 2.05* L3 L0
42 EQ L2 5.33* EQ EQ+
43 L3 L2 3.72* L3 L3
44 L3 L1 4.37* L3 L2
45 EQ L2 2.29* EQ L0
46 L2 L0 5.91* L2 L3
47 L1 L0 0.00 L0 L1
48 EQ L2 1.93 L2 L3
49 L0 L0 - L0 L0
50 L3 L2 4.36* L3 EQ+
51 L1 L0 0.00 L0 L0*
52 L3 L1 0.00 L1 L0
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id 𝐿𝑘𝑙 𝐿𝑘𝑙
𝑎𝑙𝑡 Vuong 𝐿𝑘𝑙

∗ 𝐿𝑘𝑐

53 L3 L1 2.12* L3 L1
54 L3 L1 4.10* L3 L2*
55 EQ L2 0.00 L2 L0*
56 L1 L0 0.00 L0 EQ
57 L3 L2 3.64* L3 L2*
58 L0 L0 - L0 L2
59 L0 L0 - L0 L2
60 L1 L0 0.00 L0 L1*
61 L1 L0 0.00 L0 L2
62 L3 L1 1.59 L1 L1*
63 L3 L1 3.52* L3 L2*
64 EQ L3 0.44 L3 EQ
65 L1 L0 0.00 L0 L1*

id 𝐿𝑘𝑙 𝐿𝑘𝑙
𝑎𝑙𝑡 Vuong 𝐿𝑘𝑙

∗ 𝐿𝑘𝑐

66 L3 L1 4.45* L3 L1
67 L3 L1 0.00 L1 L1
68 L2 L1 2.45* L2 L2*
69 L1 L0 5.24* L1 L1*
70 L3 L2 0.88 L2 L3*
71 L1 L0 0.00 L0 EQ*
72 L3 L2 2.96* L3 L0*
73 EQ L3 0.00 L3 L2*
74 L0 L0 - L0 L0
75 EQ L3 7.48* EQ L2*
76 EQ L2 3.30* EQ EQ*
77 L3 L2 6.40* L3 EQ

78 EQ L3 0.39 L3 EQ
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id 𝐿𝑘𝑙 𝐿𝑘𝑙
𝑎𝑙𝑡 Vuong 𝐿𝑘𝑙

∗ 𝐿𝑘𝑐

79 EQ L3 1.65 L3 EQ*
80 EQ L3 4.23* EQ EQ*
81 L3 L2 5.77* L3 L3*
82 EQ L1 0.00 L1 EQ*
83 L3 L1 2.03* L3 L1*
84 L2 L0 0.00 L0 L2*
85 EQ L2 0.92 L2 L2*
86 L3 L2 9.14* L3 L3+
87 L1 L0 1.90 L0 L2*
88 L1 L0 0.00 L0 L3
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Initial-lookups– U0 & U1
 6 out of 11 U0 (choice) subjects starts from U0

 2 out of 12 U1 (choice) subjects starts from U0’

 U0 exists

 U1 is rare
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Initial-lookups– U0 & U1
id ini_type own_first other_first Lk_l Lk_c

3U0 8 28U0 U0
8U0 31 5U0 U0

35U0’ 1 35U0 U0
69U0 5 31U0 U0

id ini_type own_first other_first Lk_l Lk_c

46U0 24 12U1 U1
68U0 4 32U1 U1



Other’s goal
Right 4, Above 2

Your goal
Left 2, Below 4

Own remaining 
strategies

Other’s remaining 
strategies
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