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Market Categories

• Markets are partitioned into categories 
• Markets penalize miscategorized objects 
• Why clusters? Why penalty?



Market Categories: Category Theory

• Focus on: 
• Producers evaluated by audience 

(consumers, stakeholders, etc.) 
• Penalty comes from market audience 
• Miscategorized objects are hard to evaluate, easy to ignore
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• Producers evaluated by audience 

(consumers, stakeholders, etc.) 
• Penalty comes from market audience 
• Miscategorized objects are hard to evaluate, easy to ignore

BA, Sociology 
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Market Categories: An Alternative

• Focus on: 
• Producers exploring competitive markets 
• Dynamic evolution of markets 

• Penalty comes from exploration of 
uncertain marketplace
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Market Categories: An Alternative

• Focus on: 
• Producers exploring competitive markets 
• Dynamic evolution of markets 

• Penalty comes from exploration of 
uncertain marketplace 

• Model replicates & extends category theory 
• Explains penalty, dynamics, emergence



Agenda

1. Findings of category theory 
2. Alternate model and simulation 
3. Replication and extensions



Category Theory

Position Outcome

Categorization



• Categorization predicts outcome 

• Categorical boundaries can be fuzzy, ambiguous, etc. 

• How can innovation exist given audience pressure?
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• Categorization predicts outcome 

• Categorical boundaries can be fuzzy, ambiguous, etc. 

• How can innovation exist given audience pressure? 
• Kennedy 2008; Bowers 2015; Kovács, Liu 2016; Zhao et al. 2018

Category Theory
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Category Theory

Position Outcome

Categorization

Outcome = β
<0

⋅ Miscategorized + …



Producer Exploration

Position Outcome

Categorization

Outcome = β
<0

⋅ Miscategorized + …



Optimal Differentiation

• Producers differentiate to avoid competition 
• but, world is uncertain 

• Producers imitate to avoid uncertainty



Optimal Differentiation

1. Producers learn from past examples 
2. Success attracts density 
3. Audience categorizes clusters of similar 

producers



Model Details

• Sequential entry into linear resource space 
• Risk averse actors:  
• Competition: −1/(distance to neighbor) 
• Complex environment: value of position is 

uncertain

u(m) = am� exp(�bm)
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Model Details

• Complex environment: Brownian walk 

• Distance from known points increases uncertainty 

• Allows for arbitrary density, optimal entry





Model Details

• Audiences naturally categorize similar 
objects 

• Categories: Normal mixture model 
• Updated each period → categories move, 

appear, disappear 
• Measures: 
• Continuous: Grade of Membership (GOM) 

• Binary: miscategorization, spanning/non-categorization



Measures of Categorization

• Clusters from normal 
mixture model 
• Cluster pdf: 
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Measures of Categorization

• GOM: ●
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Measures of Categorization

• Miscategorized: 

• Spanner:
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Measures of Categorization

• Miscategorized (binary): 

• Spanner (binary): 

• Non-categorized 
(binary):
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Simulated Data

• 1000 markets, 250 periods 
• DV: Producer Value 
• Producer characteristics: 
• Market position 

• Isolation (Distance to nearest neighbor) 

• Prototypicality (GOM) 

• Miscategorization 

• Spanner/Non-categorized



Replicating and Extending Category 
Theory

1. “Miscategorization” penalty 
2. Category movement 
3. Category emergence



Replicating and Extending Category 
Theory

1. “Miscategorization” penalty 
2. Category movement 
3. Category emergence



Replicating “Miscategorization” Penalty

Within each market and period: 

Value = β ⋅ [Position]



Replicating “Miscategorization” Penalty

Within each market and period: 

Negative β = penalty

Value = β ⋅ Miscategorization



Replicating “Miscategorization” Penalty

Within each market and period: 

Positive β = penalty

Value = β ⋅ GOM



Penalty: Miscategorization



Penalty: Miscategorization

90 %ile

10 %ile

Mean+95% CI



Penalty: No Category



Penalty: Spanner



Penalty: Spanner

Position Outcome

Categorization



Bonus: GOM



Penalty: Isolation

Within each market and period: 

Negative β = penalty

Value = β ⋅ Isolation



Penalty: Isolation



Penalty: Isolation

Position Outcome

Categorization



Replicating Category Theory

• Miscategorization penalty is a side effect of 
optimal exploration of uncertain terrain



Extending Category Theory

• Categories are cross-sectional 
• Change and move over time



Replicating and Extending Category 
Theory

1. “Miscategorization” penalty 
2. Category movement 
3. Category emergence



Replicating and Extending Category 
Theory

1. “Miscategorization” penalty 
2. Category movement 
3. Category emergence



Unexpected Success Attracts Categories

Entrant at new 
position

Later entrants 
copy

Later entrants 
avoid

Net movement 
of categories

No net movement 
of categories

SucceedsFails









Unexpected Success Attracts Categories

�V alueT = V alueT � ET (V alue)
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Unexpected Success Attracts Categories

[Position] ∼ ΔValue + ΔValue ⋅ Time + …



GOM 10 Per. 25 Per. Miscat. 10 Per. 25 Per.

ΔValue 0.091 0.078 0.115 -0.214 -0.132 -0.226

Time×ΔValue 0.010 0.001 -0.028 -0.004

Time 0.031 0.012 -0.069 -0.030

(Intercept) -0.421 -0.772 -0.677 -0.840 -0.036 -0.232

Num. obs. 31354000 2674000 6154000 31354000 2674000 6154000

Unexpected Success Attracts Categories

[Position] ∼ ΔValue + ΔValue ⋅ Time + …



Unexpected Success Attracts Categories

• Categories migrate towards successful 
• prototypical social network 
• pitch by analogy, e.g. ‘Uber for dogs’ 
• exemplars, minivans, vanguard influence



Replicating and Extending Category 
Theory

1. “Miscategorization” penalty 
2. Category movement 
3. Category emergence



Penalty Trend Predicts Categorical 
Change

V alue = �t ·GOM
<latexit sha1_base64="lHacLZ1T68gHD95sHp5WuCwlzr0=">AAACAnicbZC7SkNBEIbneI3xdoyV2KyKYBXOsdFGCAhqI0YwF0hC2LOZJIt7LuzOEUIINrY+ho2FIrY+hZ1v4+ZSaPSHhY9/ZpidP0iUNOR5X87M7Nz8wmJmKbu8srq27m7kyiZOtcCSiFWsqwE3qGSEJZKksJpo5GGgsBLcng7rlTvURsbRDfUSbIS8E8m2FJys1XS3ylylyE5YPUDiTWJ10YqJnV9dNt09L++NxP6CP4G9ws5jrgAAxab7WW/FIg0xIqG4MTXfS6jR55qkUDjI1lODCRe3vIM1ixEP0TT6oxMGbN86LdaOtX0RsZH7c6LPQ2N6YWA7Q05dM10bmv/Vaim1jxt9GSUpYSTGi9qpYhSzYR6sJTUKUj0LXGhp/8pEl2suyKaWtSH40yf/hfJh3rd8bdM4g7EysA27cAA+HEEBLqAIJRBwD0/wAq/Og/PsvDnv49YZZzKzCb/kfHwD/8OXUw==</latexit><latexit sha1_base64="9ZF7U8IFzPeGgxqMCyCPzB/F96M=">AAACAnicbZC7SkNBEIb3xFuMt2OsxGZNEKzCOTbaKAFFbcQI5gJJCHs2k2TJngu7c4QQgo2tj6GFhSK2PoWdb+PmUmjiDwsf/8wwO78XSaHRcb6txNz8wuJScjm1srq2vmFvpks6jBWHIg9lqCoe0yBFAEUUKKESKWC+J6HsdU+H9fIdKC3C4BZ7EdR91g5ES3CGxmrY2yUmY6DHtOYBsgbSGm+GSC+urxp21sk5I9FZcCeQze8+ps+eMyeFhv1Va4Y89iFALpnWVdeJsN5nCgWXMEjVYg0R413WhqrBgPmg6/3RCQO6Z5wmbYXKvADpyP090We+1j3fM50+w46erg3N/2rVGFtH9b4Iohgh4ONFrVhSDOkwD9oUCjjKngHGlTB/pbzDFONoUkuZENzpk2ehdJBzDd+YNM7JWEmyQzJkn7jkkOTJJSmQIuHknjyRV/JmPVgv1rv1MW5NWJOZLfJH1ucPY62YXQ==</latexit><latexit sha1_base64="9ZF7U8IFzPeGgxqMCyCPzB/F96M=">AAACAnicbZC7SkNBEIb3xFuMt2OsxGZNEKzCOTbaKAFFbcQI5gJJCHs2k2TJngu7c4QQgo2tj6GFhSK2PoWdb+PmUmjiDwsf/8wwO78XSaHRcb6txNz8wuJScjm1srq2vmFvpks6jBWHIg9lqCoe0yBFAEUUKKESKWC+J6HsdU+H9fIdKC3C4BZ7EdR91g5ES3CGxmrY2yUmY6DHtOYBsgbSGm+GSC+urxp21sk5I9FZcCeQze8+ps+eMyeFhv1Va4Y89iFALpnWVdeJsN5nCgWXMEjVYg0R413WhqrBgPmg6/3RCQO6Z5wmbYXKvADpyP090We+1j3fM50+w46erg3N/2rVGFtH9b4Iohgh4ONFrVhSDOkwD9oUCjjKngHGlTB/pbzDFONoUkuZENzpk2ehdJBzDd+YNM7JWEmyQzJkn7jkkOTJJSmQIuHknjyRV/JmPVgv1rv1MW5NWJOZLfJH1ucPY62YXQ==</latexit><latexit sha1_base64="zRZ36aUhjUDKrRVjhrc1rnP+8wc=">AAACAnicbZA9SwNBEIb3/Izx69RKbBaDYBXubLQRAoLaiBHMByQh7G0myZK9vWN3TghHsPGv2FgoYuuvsPPfuEmu0MQXFh7emWF23iCWwqDnfTsLi0vLK6u5tfz6xubWtruzWzVRojlUeCQjXQ+YASkUVFCghHqsgYWBhFowuBjXaw+gjYjUPQ5jaIWsp0RXcIbWarv7VSYToOe0GQCyNtIm70RIr25v2m7BK3oT0XnwMyiQTOW2+9XsRDwJQSGXzJiG78XYSplGwSWM8s3EQMz4gPWgYVGxEEwrnZwwokfW6dBupO1TSCfu74mUhcYMw8B2hgz7ZrY2Nv+rNRLsnrVSoeIEQfHpom4iKUZ0nAftCA0c5dAC41rYv1LeZ5pxtKnlbQj+7MnzUD0p+pbvvELpMosjRw7IITkmPjklJXJNyqRCOHkkz+SVvDlPzovz7nxMWxecbGaP/JHz+QNPJZYT</latexit>

Larger β = Stronger Penalty



Penalty Trend Predicts Categorical 
Change

Positive Δβ = Increasingly Strong Penalty

��GOM = �t � �t�25
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Penalty Trend Predicts Categorical 
Change

• Categories can merge or emerge 
• Successful spanners can combine multiple categories into one 

• Successful innovators can discover new categories 

• Predicting probability of any future change



Penalty Trend Predicts Categorical 
Change

ΔCategories ∼ Δβ[Position]



(1) (2) (3) (4) (5)

Penalty Trend 
(Isolation)

-1.720

Penalty Trend (GOM) -1.464

Penalty Trend (No Cat.) -0.515 -0.466

Penalty Trend 
(Spanner)

-0.440 -0.307

(Intercept) -2.840 -2.855 -2.968 -2.970 -2.969

Num. obs. 219000 219000 151837 151837 151837

Weakening Penalty Predicts Categorical 
Change

ΔCategories ∼ Δβ[Position]



Weakening Penalty Predicts Categorical 
Change

• Miscategorization penalty is retrospective 
prediction of market value 

• e.g. 
• market makers 
• haute cuisine



Replicating and Extending Category 
Theory

1. “Miscategorization” penalty 
2. Category movement 
3. Category emergence



Discussion



Discussion

• Producer knowledge vs audience 
knowledge of world



Discussion

Position Outcome

Categorization



Discussion



Discussion



Discussion

Spanner No Category



Thanks!


