The Invisible tax of free knowledge
Evidence from the Wikimediarojects

Wikimania 2023

Singapore
Kiril Simeonovski

Bws,




Introduction

AFreeknowledgeis commonlythought as, but in practiceis
not a pure publicgood

Awhile it is perfectly non-rivalrous, its non-excludability
cannotbe alwaysachieved

Ain reality, it is an exampleof animpure publicgood



Introduction

AFreeknowledgeis commonlythought as, but in practiceis
not a pure publicgood

Awhile it is perfectly non-rivalrous, its non-excludability
cannotbe alwaysachieved

Ain reality, it is an exampleof animpure publicgood

AExcludabilityresults from limitations of its accessand it is
drivenby economic,jnstitutionalandsocialfactors

Aless people can consume it o .
, . economic inefficiency
Aless people can produce it



Research guestions

A Why is free knowledge not a pure public good?
A What are the implications of the impurity?

A How to measure the implications of the impurity?
A How big are these implications across countries?

A What are the factors that contribute to the impurity?



Research outline

ADefinitionof pure publicgoodvsimpure publicgood

AModel of free knowledgeasa pub

AX relieson peerproductionin t
AX usesWikimediacontentasa

icgood

ne Wikimediamovement

proxy of free knowledge

Alntroductionof the conceptof d A Yy A BLE & £ S

ACalibrationusingcountry datafrom the Wikimediaprojects

Aldentificationof factorsaffectingthe invisibletax rate.
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Imaginea world in which everysinglepersonon
the planetis givenfree accesdo the sum of all
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hat'swhat we're doing
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Wikimedia vision

Imaginea world in which everysinglepersonon
the planetis givenfree accesdo the sumof all
humanknowledge That'swhat we're doing

\ T Wales(2004)

Theultimate goalis to makethe content on the Wikimedia
projectsa pure publicgood
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Pure vs impure good

A Everygoodin the economy Ohastwo properties
A excludability-N 10p (- p denotesperfectnon-excludability)
A rivalry” N 1ip ("  p denotesperfectnon-rivalry)

A A good "Ousuallyhas a complementarygood 6 so that its excludability

— —(6) is anincreasingfunction of the state of their complementary
goodso andtheir pricen.

A If 6 isa complementarygoodwith no complementarygoodsandr) isthe
lowest pricethat someindividualscannotafford to pay,then

A= —(ﬂ ) Is the highestlevel of excludabilityat which there are
Individualswho cannotaccesgshe good

A ™ is the highestlevel of rivalry at which there are individualswho
cannotconsumethe good



Pure vs impure good

A Definition Acomplementarygoodd is
A apurepublicgoodif—  pand” P

A animpurepublicgoodif— = and” "
A aprivategoodif— = or” 7
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Pure vs impure good

A Definition Apublicgood Ois
A pureif” p,n  mand6 isapublicgood
A impureif” p,f] mand6 isa private good

Proposition
A publicgood Ois pure if and only if for eachsequenceof complementary
goodséy {6y}  from the vectorA ({6 )} BHS &) ) it holds
thato o a.

Implication Individualswho cannot afford to pay for one in the network of
complementarygoodsare unableto accesghe final good



Pure vs impure good
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Pure vs impure good
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Economic environment

Thereis a finite numberof individualsandtime is discreteand infinite, yet
free knowledgeis producedin a continuoustime setting

Individualsspendtheir leisuretime "Q on producing(0 ) and consuming
free knowledge (0 ) where contribution time 0 0 (—h)HO) is an
increasingand concavefunction of the altruismdegree—, populationsize
U anddevelopmentlevel O.

Definitiont Anindividualcanbe:
A Xanaltruist(- mand0 1)
A Xanegoist(— Ttandyv 1)
Thepopulationbasedon the altruismlevelcanbe decomposecdhs
b 0 Y

where U is the share of individualscontributing to the free knowledge
and'Yisthe shareof freeriders



Production of free knowledge

A L Y R A @domrituktidn £ dhe productionof free knowledgeis
Q ‘0
where* isanon-negativeproductivityrate.

A Totalamountof free knowledgeproducedin the economyis
o aqYy ( * (U (9 Qo)
A Totalfree knowledgecanbe decomposedis
0 "0 05 O

where "O , is the free knowledgeproduced by all other individualsin the

economyand ‘O s the total amount of free knowledgeproducedin the
previousperiods



Social interactions

A Freeknowledgeis producedin an environmentwith socialinteractions
A Utility of socialinteractionscanbe expresseds

0 d 1 0¥ & o)
w v)

where

A1 N 1ip isthe degreeof interactionbetweenindividuals
A Y T N g isthe excesgproductivityfrom interaction
A ® B & pfgisthe shareof time devotedto interactions

A Totalamountof free knowledgeproducedin the economyis

O ( “ (0U ((‘))’Q‘)) OO OGO Y O6O]Qo



Social interactions

A Agraphwith four verticesandsixdirectededges
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where 6(0 ;HQ is the utility of consumptionand Y0 RQiQ; ) is the social
benefit of production

A Marginal utilities:
6 mwY 1o mY w6 Yandd Y m

Proposition

TheNashequilibriumin the production of free knowledgeis achievedwhen
0 mand'O mif andonlyif Y0 fHO) T aswellaswhent T
and’O  mif andonlyif Y0 FO) T

Intuition: If a rationalindividualderivesno benefit from doingsomething,she
will opt to not doit.



Equilibrium characterisation

A Aggregatalemandrepresentsthe aggregatemarginalutilities

i ®: QY
50 Y ( h h(;

90 O
A Aggregatesupplyis the total amountof free knowledge
Y 0 [ ¥ V)] o@D

A Definition: Stateat which decisionsmadeby individuals (5 B )

on contribution time I (0 B R ) and ¢ ('O HO) maximise
utility”l I (0 i BB [ B WBmo).
Theorem

Theequilibriumexistsandis genericallyunique




Effect of excludability and rivalry

A The share of population with access to free knowledge is

~

® 0 v (p M
where w is the shareof individualswith accesso free knowledge,whereas

~

U (p n)isthe sharewith noaccesgo free knowledge

A Theexcludabilityrate i i T h v is a function of the vectorsor excess
prices’l (Y B hyn ) and excessrivalries (Y BB hy” ), aswell
asthe degreeof artificial excludabilityymposedby state V .

A Aggregatedemandis

~

o v

DR QY v 50
Q00 O° 0O
A Aggregatesupplyis

oY O (p M qY Y ) oD O &Y



Invisible tax ofree knowledge

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

T 0
=

where'O 'O O is the lower supply of free knowledge.
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A Definition: The invisible tax reflects the lower supply of free knowledge as
a result of excludability and rivalry, and it can be calculated as
0
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where'O 'O O is the lower supply of free knowledge.
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Invisible tax of free knowledge

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

T 0
=

where'O 'O O is the lower supply of free knowledge.
A2ké (2 OIFftf AG Yy GAy@AaArAOfS GF EE¢

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

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

A it is invisible because there is no monetary payment



Invisible tax of free knowledge

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

deadweight loss




Invisible tax of free knowledge

Theorem

Thedeadweightlossof taxingfree knowledgeis the sumof utility functions
of individualswith no accesso free knowledgethat is

i [o(vFO) "o FO)]

Intuition: Thosewho do not haveaccesdo free knowledgecannotenjoythe
benefitsof consumingt and contributingto its production



Calibration

AS5FaGF 6SNB 200FAYSR FTNRY GKS 2A1AY
A Missing data on page edits for many countries, including Russia, Chin:
Pakistan, Iran, Turkey and Thailand among others.

A Annual elasticities of page edits estimated with the quadratic regression
0 O WD ROADON QY O T YQHhE WE 0 Qb & Qb |
T 0 QOQI do@ 0 Q0 QA dO&

A Aggregating page edits per country using the formula

0 6 QN QE6 6 OB Q Q0% | |

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



Calibration

A Annual elasticities of page edits per capita:

Variable 2021 2022
YQOE WE 0 QD E QO i 0.3282** 0.2960***
(0.1438) (0.1096)
0 Q0 QI dOQ -1.5652%* -1 .8668***
(0.3959) (0.4200)
0 Q0 Qi K@ 1.2425%** 1.4713%*=
(0.3699) (0.3374)
Intercept 0.3507*** 0.4394***
(0.1256) (0.1377)
Numberof observations 144 144
Vertex 63.0% 63.4%

Notes Robuststandarderrors are reported in parentheses Symbols***, ** and *
denotestatisticalsignificanceat the levelof 1% 5%and 10% respectively

A Usingthe elasticitiesto calculatethe potential maximumof edits made
andWikipediaarticlescreated



Results

A Invisible tax of free knowledge in 2022 was 55.5% globally (56.9% in 2021
A Lowest rates: Luxembourg (0.3%), Norway (0.6%) and Finland (1.4%)
A Highest rates: Malawi (99.8%), Chad (99.7%) and Lesotho (99.6%)
A Global South (77.2%) vs Global North (14.6%)



