Ooon

Joo0doodooboodoooodoodogn
Joodoooodoogod

goddoooogd
guddddddd guooooooooon
OOoooboooogd 1017154

0gd o

good 00 oo
ooOod 20210 10 260

BA Thesis
Analysis of Price Factors for Used Trading Card
Games Considering Scarcity and (Game Performance
by

Takeru Shishido

School of Systems Information Science, Future University Hakodate
Information Systems Course, Department of Media Architecture

Supervisor:  Ayahiko Niimi

Submitted on January 26th, 2021



Abstract— The trading card game (TCG) market has expanded significantly in recent
years. One of the major factors contributing to this expansion is the sale of used cards.
Several factors affect the selling price of these cards. However, there are few examples
wherein the degree of impact of each factor is categorized or degree of scarcity is consid-
ered. In this study, we analyze the factors that contribute to the price formation of used
TCG cards using machine learning for the used sales market of “Magic: The Gather-
ing” The cards’ characteristics are classified into two categories: (1) cards performance
attributes within the game; and (2) card scarcity attributes. We then analyze what
attributes contribute to the card price formation. The results of regression analysis and
decision tree (CART) analysis using categorical and numerical attributes showed that
the scarcity attribute contributed more to price determination than the performance at-
tribute. The extreme bias of the price distribution around 0.1 USD and accuracy of the
price prediction using the results showed that only a more complex model could predict

the price.

Keywords: Data Mining, Machine Learning, Price Forecasting, Regression Analysis,

Decision Tree, Trading Card Game
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0 4.16 rarityrare000000C0CO00OO0O0OO0ODO0O

ALL Low Middle High More_High
False 72.78% 82.21% 45.30% 47.32% 11.40%
True 27.21% 17.78% 54.69% 52.67% 88.59%

0 4.17 convertedManaCost(0016) 000000000 50000000000
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O oo O oo O oo O ood O od
3 21.30% 3 22.06% 3 19.61% 3 17.53% 0 29.23%
2 1941% 2 2052% 4 16.39% 0 1586% 2 20.17%
4 1650% 4 16.65% 2 16.06% 2 15.59% 1 15.20%
1 11.40% 1 11.30% 0 12.3™% 1 15.08% 4 12.86%
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"2020-07-05": 2.93,
"2020-07-06": 2.93,
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}
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uuid 2c2eebbaaebcbe9c94b3te6b6789407
name Shivan Dragon
borderColor black
colors R(Red)
convertedManaCost 6
frameVersion 2015
hasAlternativeDeckLimit 0(No)
hasContentWarning 0(No)
hasFoil 0(No)
hasNonFoil 1(Yes)
isAlternative 0(No)
isFullArt 0(No)
isPromo 0(No)
isReprint 1(Yes)
isReserved 0(No)
isStarter 1(Yes)
isTextless 0(No)
layout normal
loyalty NaN
power 5
printings_num 31
rarity rare
textColor NaN
toughness 5
types creature
year 2019
val 0.49

3 004300000000000

ooo0o0ob0 4300000000000 00ODODOODOOOODOODODO 2030
40000
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02 0000000ODO0O0O0ODU0O0ODOD (Cooooo)

0od 0000 ElasticNet Ridge Lasso
convertedManaCost -160.4 -1.384 -159.2  -10.39
hasAlternativeDeckLimit -6.553 0 -5.801 0
loyalty 41.15 0 3314 0
power 89.72 0 88.59 0
toughness 58.11 0 57.65 0
loyalty X -10.61 0 -10.29 0
power_X 16.59 0 16.46 0
toughness_X 20.79 0 20.52 0
colors_B -3.544 -1.363  -3.547 0
colors_U 6.159 0 6.129 0
colors_G -5.305 -1.625 -5.295 0
colors.-W -5.094 -1.767 -5.097 0
colors_R -4.296 -1.416  -4.291 0
textColor_B 18.28 0.417  18.25 0
textColor U 31.10 0.937  31.06 0
textColor_G 15.13 0.091  15.10 0
textColor-W 12.62 0.018  12.60 0
textColor_R 14.99 0.132  14.96 0
types_Enchantment -60.38 -0.729  -59.96 0
types_Creature -81.67 -5.239 -81.08 -10.91
types_Land -101.5 0 -100.9 0
types_Instant -67.11 -0.769 -66.64 0
types_Sorcery -48.16 0 -47.76 0
types_Artifact 5.115 6.924 5424  40.11
types_Planeswalker -70.15 0 -64.82 0
types_Tribal -9.193 0 -9.109 0
layout_normal 2.048 0 2117 0
layout_aftermath 12.64 0 12.01 0
layout_split 9.596 0 9.332 0
layout_flip -2.810 0 -2.614 0
layout_leveler -7.778 0 -7.468 0
layout_saga 3.815 0 3.682 0
layout_transform -11.87 0 -11.70 0
layout_adventure -5.898 0 -5.676 0
layout_meld 0.261 0 0.319 0
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03 00000000000 DOU0O0ODOD (Doooo)

oo 0000 ElasticNet Ridge Lasso
hasContentWarning -109.0 0 -104.8 0
hasFoil 13.07 -6.938  8.404 0
hasNonFoil 8.749 0 1242 0
isAlternative -2.613 0 2.258 0
isFullArt 17.00 0 -4.678 0
isPromo -1.647 0 -0.271 0
isReprint 15.60 0 16.52 2.098
isReserved 460.2 16.40  461.5 414.5
isStarter -4.741 -2.750 -7.522 0
isTextless -27.44 0 -1.244 0
year -31.46 -8.524 -31.37 0
printings_num 2.756 0 3.237 0
borderColor_black 7.690 x 104 0.428 2.991 0
borderColor_borderless ~ 7.690 x 104 0 14.57 0
borderColor_white 7.690 x 104 -0.498 -17.56 0
frameVersion_1993 -4.960 x 10'® 14.82 41.00 53.22
frameVersion_1997 -4.960 x 10%° -3.859  -26.26 -7.260
frameVersion_2003 -4.960 x 10%° -4.339  -7.726 0
frameVersion-2015 -4.960 x 10'° -4.572  -0.400 0
frameVersion_future -4.960 x 101® 0 -6.619 0
rarity_common -2.020 x 10'® -5.188 -7.331 0
rarity_mythic -2.020 x 10%° 0 7.073 0
rarity_rare -2.020 x 10%° 9.833 5979  8.558
rarity_uncommon -2.020 x 10'® -3.746  -5.721 0
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04 0D0O0O0ODODOOODOODOUDOOOOD (Ooo)

0od 0000 ElasticNet Ridge Lasso
convertedManaCost -171.5 -1.596 -169.8 -10.09
hasAlternativeDeckLimit 0.634 0 1.296 0
hasContentWarning -99.80 0 -95.85 0
hasFoil 9.057 -6.773  9.742 0
hasNonFoil 17.38 0 18.21 0
isAlternative 10.59 0 10.40 0
isFullArt -3.304 0 -2.513 0
isPromo -5.902 0 -6.310 0
isReprint 13.13 0 1326 0.457
isReserved 456.6 16.36  455.2  412.1
isStarter -1.646 -2.636  -1.559 0
isTextless -4.382 0 -4.308 0
loyalty 53.68 0 4447 0
power 104.3 0 103.5 0
toughness 23.89 0 23.59 0
loyalty X -7.888 0 -9.142 0
power_X 25.80 0 25.13 0
toughness_X -7.403 0 -6.671 0
year -22.96 -8.467 -22.95 0
prings_num 0.631 0 0441 0
colors_B -5.994 -1.292  -6.154 0
colors_U 2.947 0 2824 0
colors_G -6.106 -1.582  -6.212 0
colors-W -5.725 -1.689 -5.862 0
colors_R -6.694 -1.384 -6.764 0
textColor_B 14.78 0.518 14.61 0
textColor U 29.51 1.059  29.88 0
textColor_G 13.21 0.204 13.26 0
textColor-W 10.51 0.116 10.36 0
textColor_R 11.56 0.236  11.68 0
types_Enchantment -50.19 -1.415 -49.82 -9.731
types_Creature -52.15 -4.852  -51.77 -7.928
types_Land -80.87 0.088 -80.50 0
types_Instant -40.03 -0.328  -39.64 0
types_Sorcery -23.58 0 -23.28 0
types_Artifact 5.337 6.372 5471  28.03
types_Planeswalker -50.82 0 -45.48 0
types_Tribal 4.565 0 4.239 0
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05 0000D000000D00000O0O0 (00D0)00)

oo 0000 ElasticNet Ridge Lasso
layout_normal 1.240 x 10'3 0 -6.899 0
layout_aftermath 1.240 x 10'3 0 11.83 0
layout_split 1.240 x 1013 0 14.44 0
layout_flip 1.240 x 1013 0 -10.62 0
layout_leveler 1.240 x 1013 0 -9.744 0
layout_saga 1.240 x 1013 0 15.61 0
layout_transform 1.240 x 10'3 0 -10.08 0
layout_adventure 1.240 x 1013 0 -1.222 0
layout_meld 1.240 x 1013 0 -3.320 0
borderColor_black 7.130 x 104 0.492 1242 0
borderColor_borderless ~ 7.130 x 10%* 0 -4.806 0
borderColor_white 7.130 x 104 -0.538 -7.616 0
frameVersion-1993 4.850 x 10 14.73 41.78  52.12
frameVersion-1997 4.850 x 10 -3.781 -23.31 -6.230
frameVersion_2003 4.850 x 104 -4.337  -8.729 0
frameVersion_2015 4.850 x 10 -4.562 -4.782 0
frameVersion_future 4.850 x 10 0 -4.960 0
rarity_common -3.730 x 1014 -5.213  -11.62 0
rarity_mythic -3.730 x 10 0 12.75 0
rarity_rare -3.730 x 104 9.830 7.565 8.553
rarity_uncommon -3.730 x 1014 -3.773  -8.691 0

4 D0 4500000d00uuuuooooada

oooodoo4s5000000000O000DOOOOOODOODODOOODDOOOO

06 types-Enchantment 0000000000000 0O0OO

ALL Low Middle High More_High
False 88.87% 89.70% 86.69% 84.63% 88.59%
True 11.12% 10.29% 13.30% 15.36% 11.40%

07 typesCreature 000000000 OOOOOOO

ALL Low Middle High More_High
False 52.86% 50.15% 58.96% 66.81% 78.36%
True 47.13% 49.84% 41.03% 33.18% 21.63%
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0 8 typesArtifact 00000000000 OOOOO

ALL Low Middle High More_High
False 90.02% 91.45% 86.63% 83.85% 74.56%
True  9.97%  8.54% 13.36% 16.14% 25.43%

09 isReprint 0000000000 OO0OOOO

ALL Low Middle High More_High
False 50.08% 51.49% 44.83% 49.10% 53.50%
True 49.91% 48.50% 55.16% 50.89% 46.49%

0 10 isReserved D0 OOO0O0O0OOOOOOOOOO

ALL Low Middle High More_High
False 98.08% 99.51% 97.04% 88.53% 56.43%
True 1.91%  048%  2.95% 11.46% 43.56%

0 11 convertedManaCost(0016) 000000000 50000000000

ALL Low Middle High More_High

O oo O oo O oo O oo O ood
3 21.30% 3 22.06% 3 1961% 3 1753% 0 29.23%

2 1941% 2 2052% 4 16.39% 0 1586% 2 20.17%

4 1650% 4 16.66% 2 16.05% 2 15.59% 1 15.20%

1 11.40% 1 11.30% 0 1237% 1 15.08% 4 12.86%

0 11.28% 0 1053% 5 11.21% 4 15.03% 3 12.86%

0 12 frameVersion 1993 0000000000000000

ALL Low Middle High More_High
False 89.98% 94.02% 85.14% 58.74% 4.67%
True 10.01%  5.97% 14.85% 41.25% 95.32%

0 13 frameVersion 1997 000000000 DOO0ODOOOOO

ALL Low Middle High More_High
False 82.97% 81.96% 85.47% 86.46% 95.61%
True 17.02% 18.03% 14.52% 13.53% 4.38%
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014

rarityrare 000000000 OODOOOO

ALL Low Middle High More_High
False 72.78% 82.21% 45.30% 47.32% 11.40%
True 27.21% 17.78% 54.69% 52.67% 88.59%

0 15 borderColor black 00000000 O0OOO0OOOO

ALL Low Middle High More_High
False 90.21% 90.60% 90.03% 84.85% 87.711%
True 9.78%  9.39%  9.96% 15.14% 12.28%

0 16 year(199302020) 000000000 50000000000

ALL Low Middle High More_High
a oo O oo d ag a oo g oo
2019 9.77% 2019 10.37% 2019 8.96% 1993 30.40% 1993 85.96%
2018 7.05% 2018  6.97% 2020 8.35% 2020 9.57% 1994  9.35%
2020 6.29% 2017  6.39% 1993 8.31% 1994  9.24% 1999  2.92%
2017 6.22% 2020 5.62% 2018 7.71% 2018  6.62% 1998  1.16%
2016 5.24% 2016  5.35% 2017 6.45% 1999  5.40% 2020  0.29%
017 isStarter 0000000 OOOOOOOO
ALL Low Middle High More_High
False 81.16% 84.48% 68.90% 77.00% 96.19%
True 18.83% 15.51% 31.09% 22.99% 3.80%
018 isPromo0000000COCOOOOOOO
ALL Low Middle High More_High
False 97.60% 99.38% 92.52% 89.92% 97.95%
True  2.39%  0.61%  7.47% 10.07% 2.04%
019 raritycommonOO00OOO0D0O0O0OOOOOOOOO

ALL Low Middle High More_High
False 60.29% 50.91% 87.48% 90.59% 99.12%
True 39.71% 49.09% 12.52% 9.41% 0.88%
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0 20 raritymythicOOOOOOOOOOOOOOOO

ALL Low Middle High More_High

False 95.78% 99.13% 86.90% 77.73% 99.71%
True  4.22%  0.87% 13.10% 22.27% 00.29%
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