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Introduction

ÁFreeknowledgeis commonlythought as,but in practice is
not a purepublicgood.

Áwhile it is perfectly non-rivalrous, its non-excludability
cannotbealwaysachieved

Áin reality, it isanexampleof an impurepublicgood.



ÁFreeknowledgeis commonlythought as,but in practice is
not a purepublicgood.

Áwhile it is perfectly non-rivalrous, its non-excludability
cannotbealwaysachieved

Áin reality, it isanexampleof an impurepublicgood

ÁExcludabilityresults from limitations of its access,and it is
drivenby economic,institutionalandsocialfactors.

Áless people can consume it

Áless people can produce it
economic inefficiency

Introduction



ÁWhy is free knowledge not a pure public good?

ÁWhat are the implications of the impurity?

ÁHow to measure the implications of the impurity?

ÁHow big are these implications across countries?

ÁWhat are the factors that contribute to the impurity?

Research questions



ÁDefinitionof purepublicgoodvsimpurepublicgood.

ÁModelof free knowledgeasa publicgood.

ÁΧrelieson peerproductionin the Wikimediamovement

ÁΧusesWikimediacontentasa proxyof free knowledge

ÁIntroductionof the conceptofάƛƴǾƛǎƛōƭŜǘŀȄέ.

ÁCalibrationusingcountrydatafrom the Wikimediaprojects.

ÁIdentificationof factorsaffectingthe invisibletax rate.

Research outline



Imaginea world in whicheverysinglepersonon
the planet is givenfree accessto the sumof all
humanknowledge. That'swhat we're doing.

τWales(2004)

Wikimedia vision



Imaginea world in whicheverysinglepersonon
the planet is givenfree accessto the sumof all
humanknowledge. That'swhat we're doing.

τWales(2004)

Theultimate goal is to makethe content on the Wikimedia
projectsa purepublicgood.

Wikimedia vision



Á Economicliterature on modellingfree knowledgeis scarce,but there are
paperson contributionto publicgoods.

ÁVoluntaryprovisionmodels(Cornes& Sandler1985, 1994; Bergstrom
et al. 1986; Epple & Romano2003; Cornes& Hartley 2007, 2012;
Burger& Kolstad,2009; Kotchen2009; Freundt& Lange2021)

ÁModelswith pure altruism(Palfrey& Rosenthal1984; Andreoni1988;
Frieset al. 1991)

ÁModelswith impurealtruism(Cornes& Sandler1984; Steinberg,1987;
Andreoni1989, 1990)

ÁFairnessand reciprocity (Rabin 1993; Fehr 2000, Fehr & Schmidt,
2006; Dufwenberg& Kirchsteiger2004; Falk& Fischbacher2006)

ÁSocialimage and pro-social behaviour (Holländer1990; Bénabou&
Tirole 2006; Andreoni & Bernheim 2009; Ellingsen& Johannesson
2008, 2011; Bursztyn& Jensen2017)

Á Literaturewith insightsfrom the Wikimediaprojects(Zhang& Zhu2011;
Alganet al. 2013; Hergueux& Jacquemet2015)

Related literature



Á Everygoodin the economyὋhastwo properties:

Áexcludability–ɴ πȠρ (– ρdenotesperfectnon-excludability)

Á rivalry”ᶰπȠρ (” ρdenotesperfectnon-rivalry)

Á A goodὋusuallyhas a complementarygoodὅso that its excludability
– –ὅȟὴ is an increasingfunction of the state of their complementary
goodsὅandtheir priceὴ.

Á Ifὅis a complementarygoodwith no complementarygoodsandὴ is the

lowestpricethat someindividualscannotafford to pay,then

Á– –ὴ is the highest level of excludabilityat which there are

individualswho cannotaccessthe good

Á” is the highest level of rivalry at which there are individualswho

cannotconsumethe good

Pure vs impure good



Á Definition: Acomplementarygoodὅis

Áa purepublicgoodif– ρand” ρ

Áan impurepublicgoodif– – and” ”

Áa privategoodif– – or” ”

public good area

Pure vs impure good



Á Definition: ApublicgoodὋis

Ápure if” ρ,ὴ πandὅisa publicgood

Á impureif” ρ,ὴ πandὅisa private good

Proposition

Implication: Individualswho cannot afford to pay for one in the network of
complementarygoodsareunableto accessthe final good.

A public goodὋis pure if and only if for eachsequenceof complementary

goodsὅȟ ὅȟ from the vectorἍ ὅȟ ȟȣȟὅ ȟ it holds

thatὅȡὣᴼᴙ.

Pure vs impure good
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Á Thereis a finite numberof individualsandtime is discreteandinfinite, yet
free knowledgeisproducedin a continuoustime setting.

Á Individualsspendtheir leisure time Ὤon producing(ύ) and consuming
free knowledge (ὺ) where contribution time ύ ύ‒ȟὔȟὈ is an
increasingandconcavefunction of the altruismdegree‒, populationsize
ὔanddevelopmentlevelὈ.

Á Definition: Anindividualcanbe:

ÁΧanaltruist (‒ πandύ π)

ÁΧanegoist(‒ πandύ π)

Á Thepopulationbasedon the altruismlevelcanbedecomposedas

ὔ ὓ Ὑ

whereὓ is the shareof individualscontributing to the free knowledge
andὙis the shareof free riders.

Economic environment



Á LƴŘƛǾƛŘǳŀƭΩǎcontributionto the productionof free knowledgeis

Ὣ ‘ύ

where‘ isa non-negativeproductivityrate.

Á Totalamountof free knowledgeproducedin the economyis

Ὃ ὋὝ ‘ὸύ ὸὨὸ

Á Totalfree knowledgecanbedecomposedas

Ὃ Ὣȟ Ὃ ȟ Ὃ

whereὋ ȟ is the free knowledgeproducedby all other individualsin the
economyandὋ is the total amount of free knowledgeproducedin the
previousperiods.

Production of free knowledge



Á Freeknowledgeisproducedin anenvironmentwith socialinteractions.

Á Utility of socialinteractionscanbeexpressedas

Ὂ Ὢ ὊЎ‘ὥ‏ ύ ύ

Ў

where

Á ‏ ᶰπȠρ is the degreeof interactionbetweenindividuals

Á Ў‘ ‘Ⱦ‘ᶰᴙis the excessproductivityfrom interaction

Á ὥ В ὥ ρȾςis the shareof time devotedto interactions

Á Totalamountof free knowledgeproducedin the economyis

Ὃ ‘ὸύ ὸὨὸ ὡ ὸЎ‘ὸὥ ὸ Ў‘ ὸὥ ὸὨὸ

Social interactions



ÁA graphwith four verticesandsixdirectededges.

Social interactions



Á LƴŘƛǾƛŘǳŀƭΩǎproblemis

ÍÁØ
ȟ

όὺȟȟὋ ὛύȟȟὋȟὊȟ

whereόὺȟȟὋ is the utility of consumptionandὛύȟȟὋȟὊȟ is the social
benefit of production.

Á Marginal utilities:

ό π, Ὓ πȟό π, Ὓ π, ό Ὓ andό Ὓ π

Proposition

Intuition: If a rational individualderivesno benefit from doingsomething,she
will opt to not do it.

TheNashequilibriumin the productionof free knowledgeis achievedwhen

ύȟ πandὋ πif and only if ὛύȟȟὋ π, aswell aswhenύȟ π

andὋ πif andonly ifὛύȟȟὋ π.

LƴŘƛǾƛŘǳŀƭΩǎ ǳǘƛƭƛǘȅ ǇǊƻōƭŜƳ



Á Aggregatedemandrepresentsthe aggregatemarginalutilities

ὃὈ Ὗ
Ὠόȟ
ὨὋ

ὨὛȟ
ὨὋ

Á Aggregatesupplyis the total amountof free knowledge

ὃὛ Ὃ ‘ ὥЎ‘ Ў‘ ὡ ὸὨὸ

Á Definition: Stateat whichdecisionsmadeby individuals ɮȟȣȟɮ
on contribution time Ἷ ύȟȣȟύ and ἐ ὊȟȣȟὊ maximise
utilityἽ Ἳ ό ίȟȣȟό ίȟό ȟȣȟό .

Theorem

Theequilibriumexistsandisgenericallyunique.

Equilibrium characterisation



Á The share of population with access to free knowledge is

ὤ ὔ ὗ ρ ήὔ

whereὤis the shareof individualswith accessto free knowledge,whereas
ὗ ρ ή is the sharewith no accessto free knowledge.

Á Theexcludabilityrateή ήἸȟȟע is a function of the vectorsor excess
pricesἸ ЎὴȟȣȟЎὴ and excessrivalries Ў”ȟȣȟЎ” , as well
asthe degreeof artificial excludabilityimposedby stateע.

Á Aggregatedemandis

ὃὈ Ὗ
Ὠόȟ
ὨὋ

ὨὛȟ
ὨὋ

Ὗ ὃὈ

Á Aggregatesupplyis

ὃὛ Ὃ ρ ή ‘ ὥЎ‘ Ў‘ ὡ ὸὨὸ Ὃ ὃὛ

Effect of excludability and rivalry



Á Definition: The invisible tax reflects the lower supply of free knowledge as 
a result of excludability and rivalry, and it can be calculated as

†
Ὃ

Ὃ

where Ὃ Ὃ Ὃ is the lower supply of free knowledge.

Invisible tax of free knowledge
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†
Ὃ

Ὃ

where Ὃ Ὃ Ὃ is the lower supply of free knowledge.
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Invisible tax of free knowledge



Á Definition: The invisible tax reflects the lower supply of free knowledge as 
a result of excludability and rivalry, and it can be calculated as

†
Ὃ

Ὃ

where Ὃ Ὃ Ὃ is the lower supply of free knowledge.

Á ²Ƙȅ ǘƻ Ŏŀƭƭ ƛǘ ŀƴ άƛƴǾƛǎƛōƭŜ ǘŀȄέΚ

Á in public economics, a tax is an amount levied to support production 
and provision of public goods

Á in microeconomics, a tax is a source of economic inefficiency, which 
results in lower supply and demand (deadweight loss)

Á it is invisible because there is no monetary payment

Invisible tax of free knowledge



Á Supply and demand shifts as a result of taxing free knowledge.

Invisible tax of free knowledge

deadweight loss



Invisible tax of free knowledge

Theorem

Intuition: Thosewho do not haveaccessto free knowledgecannotenjoy the
benefitsof consumingit andcontributingto its production.

Thedeadweightlossof taxingfree knowledgeis the sumof utility functions
of individualswith no accessto free knowledge,that is

fl όὺȟὋ ὛύȟὋ



Á 5ŀǘŀ ǿŜǊŜ ƻōǘŀƛƴŜŘ ŦǊƻƳ ǘƘŜ ²ƛƪƛƳŜŘƛŀ CƻǳƴŘŀǘƛƻƴΩǎ ŘŀǘŀōŀǎŜǎΦ

ÁMissing data on page edits for many countries, including Russia, China, 
Pakistan, Iran, Turkey and Thailand among others.

Á Annual elasticities of page edits estimated with the quadratic regression

ὖὥὫὩὩὨὭὸίὴὩὶὧὥὴὭὸὥ‌ ‍ὛὬὥὶὩέὪὍὲὸὩὶὲὩὸόίὩὶί

‍ὒὭὸὩὶὥὧώὶὥὸὩ‍ὒὭὸὩὶὥὧώὶὥὸὩ‐

Á Aggregating page edits per country using the formula

ὖὥὫὩὩὨὭὸίɇὔόάὦὩὶέὪὩὨὭὸέὶίȟ

Á Averagepageedits per buckets(5 to 99 edits and 100 or more edits)and
averagenumberof editors (intervalsof ten) were calculatedusingsimple
intervalmeansandnormalisationto the aggregatenumberof pageedits.

Calibration



Á Annual elasticities of page edits per capita:

Á Usingthe elasticitiesto calculatethe potential maximumof edits made
andWikipediaarticlescreated.

Calibration

Variable 2021 2022

ὛὬὥὶὩέὪὍὲὸὩὶὲὩὸόίὩὶί

ὒὭὸὩὶὥὧώὶὥὸὩ

ὒὭὸὩὶὥὧώὶὥὸὩ

Intercept

0.3282**
(0.1438)

-1.5652***
(0.3959)

1.2425***
(0.3699)

0.3507***
(0.1256)

0.2960***
(0.1096)

-1.8668***
(0.4200)

1.4713***
(0.3374)

0.4394***
(0.1377)

Numberof observations
Vertex

144
63.0%

144
63.4%

Notes: Robuststandarderrors are reported in parentheses. Symbols***, ** and *
denotestatisticalsignificanceat the levelof 1%, 5%and10%, respectively.



Á Invisible tax of free knowledge in 2022 was 55.5% globally (56.9% in 2021).

ÁLowest rates: Luxembourg (0.3%), Norway (0.6%) and Finland (1.4%)

ÁHighest rates: Malawi (99.8%), Chad (99.7%) and Lesotho (99.6%)

ÁGlobal South (77.2%) vs Global North (14.6%)

Results


