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Abstract: In this paper we contribute to the discussion tetiwer intellectual property rights

foster or hinder innovation by means of a labosatexperiment. We introduce a novel
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process. We use this task to investigate the sfigcintellectual property allowing subjects to
assign license fees to their innovations. We fimigétliectual property to have an adversely
effect on welfare as innovations become less fregaed less sophisticated. Communication
among innovators is not able to prevent this detntal effect. Introducing intellectual

property results in more basic innovations and extibj fail to exploit the most valuable

sequential innovation paths. Subjects act morersk¢ént and non-optimally in order to avoid

paying license fees. Our results suggest that igianhtellectual property rights hinders

innovations, especially for sectors characterizgdabstrong sequentiality in innovation

processes.
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1. Introduction

The question whether society should grant intali@cproperty (IP) rights to innovators has
been discussed widely in economics, law and psfitieroponents of IP rights argue that
temporary monopoly rights granted through patentscapyright provide incentives by
protecting innovators from imitation and allottitg them a part of the social surplus
generated by subsequent innovators (Arrow 1962ghNaus 1969; Scherer 1972). Further,
patents are assumed to induce disclosure of ndmadmgies and therefore foster a swift and
comprehensive diffusion of knowledge (Machlup 195B)ese traditional arguments have
been increasingly put to question. Opponents ofrigfats argue that the creation of
monopolies on innovations increases prices, whigtods resource allocations, causes
inefficiencies and leads to welfare losses (Stdi®08; Boldrin and Levine 2013). Moreover,
too broad, too long, or too fragmented IP righte gave rise to gridlock and anticommons
issues in downstream innovations (Heller and Eisemth998).

In this paper we contribute to the debate by me#na controlled real-effort laboratory
experiment involving creativity. We introduce a ebwesign that allows us to create
counterfactual situations and test directly the@# of IP rights on the innovation rate and

welfare of a laboratory economy.

The issues of what are the optimal extent and eaititP rights have been long debated, but
neither theoretical nor empirical research hasigem/a final answer. Theoretical results cut
both ways. Conventional wisdom is largely derivezhf static models, and does not robustly
survive in dynamic, sequential innovation modeks thest describe sectors characterized by
cumulative research (Scotchmer 1991). The questidR in dynamic, sequential models has
been raised by several theoretical studies. Thay tie offer a less positive view of the effect
of IP on the rate of innovations and thus aggregattare. Green and Scotchmer (1995)
study the division of profits between sequentiaowvators and suggest that it is desirable to
minimize patent life. Moschini and Yerokhin (200&8)alyze IP regimes with and without
research exemptions. They find ambiguous effeatissliow that firms ex ante always prefer
a full patent protection regime. In contrast, Besaad Maskin (2009) implement a model
with sequential and complementary innovations,ifigdhat IP rights are welfare-reducing,
and, in some cases, are not even preferred byntremtor, who favors instead to publicly
disclose her innovations. Going a step further,dBoland Levine (2008) theoretically and

empirically show that competitive innovators camneaompetitive rents even in complete

! For a comprehensive literature review on thecaéispects of patents see Gallini and Scotchmeér2(2®all
and Harhoff (2012), Denicold (2008); for a reviewcentral policy debates see Jaffe (2000).
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absence of monopoly power. Hunt (2004) investigtiesole of the patentability standand

a sequential innovation model in which profitalilibf inventions is eroded by new
inventions. He finds an inverse U-shaped relatignbktween patentability standards and the
rate of innovation. Using an asymmetric-ability treihge R&D race model, Fershtman and
Markovich (2010) find that the opportunity of lic®ng in a patent system might be superior
to a system with strong patent rights. Summingtlg dynamic models focus on the trade-off
between securing sufficient incentives to curramd &uture inventors. The overall result of
the theoretical analyses, though, seems to cryciddipend on the assumptions of the

respective model.

Empirical research also yields mixed evidence. Reson the impact of IP rights on
innovativeness range from a positive influence $EA001), an “inverted U” shaped relation
(Aghion et al. 2002; Furukawa 2007; Hashmi 2013)egligible impact (Dosi, Marengo, and
Pasquali 2006; Lerner 2009) to a negative influg@ian 2007; Williams 2013).

Methodologically, both theoretical and empiricabbses are second-best with respect to the
observation of a clean counterfactual situatiore &hsence of conclusive evidence might be
due to the lack of natural experiments that colilmlhvaus to observe a counterfactual, non-

existent patent-free world (Hall and Harhoff 2012).

In this paper we exploit the unique characterisfidaboratory experiments of allowing to

easily build counterfactual situations while retaghcontrol over several confounding factors.
We recreate a sequential innovation setting sinmilaspirit to Scotchmer (2004) and Bessen
and Maskin (2009) and we use it to explore thectgfef IP rights on innovativeness and

welfare.

The advantages of the laboratory in terms of cécme at a cost. The laboratory creates an
artificial environment that might lack external idatly. In bringing IP rights to the lab we
hence face a trade-off between replicating the d¢exnmteractions of creative, sequential
innovation industries and making the task managedbr an experimental session
characterized by time and monetary restrictionds HTasic trade-off has been tackled in
various ways in the still sparse experimental ditere in the economics of innovation and IP
rights. A perfect laboratory task should includes thse of both financial and creative
resources, and should recreate both the incentrwetsre and the uncertainty of actual
innovation settings. Some of the existing experimdarfeit creativity, opting for a search
task (see, for instance, Cantner et al. 2009; Mel@®pic, and Bossaerts 2009; Ederer and
Manso 2013; Buchanan and Wilson 2014). Othersitatie dynamic nature of the task and

2 Bessen and Meurer (2008) and Lanjouw and Lerr@3Q@provide a review.



control over the results of the creation proces®tois on creativity only (see, for instance,

Buccafusco and Sprigman 2010, who let the subyegte poems).

To achieve a reasonable balance, and include hothngics and creativity, we employ the
original design of Crosetto (2010) and develop eaule-like word-creation task. The task
involves creative use of scarce resources (lettams) a known but vast space (all the existing
words), thus at the same time implementing creaif@t and granting complete control of
the results. We implement (strict) sequentiality diowing only three-letter words to be
created from individual letters, while longer wordisve to be built extending shorter ones,
one letter at a time. Subjects are rewarded faaticrg words and, additionally, can license,

for a fee, their words to other subjects to ses/base for extensions in further periods.

Within this artificial but rich setting we implemetwo treatments, across subjects. First, we
directly test the effects of IP rights on innovatiess and welfare by imposing two alternative
IP regimes: a no-IP regime, where all license fa®sexogenously set to zero, and an IP
regime in which license fees are determined endmgsn by subjects for each newly created
word. Second, we test the robustness of indivilaahsing behavior in the case of stronger
social interaction, by enabling or not chat commation. We thus investigate whether

communication among innovators builds up altruistmrms that foster cooperation and

decrease overall license fees for innovations.

We find that the presence of IP rights resultseissland less sophisticated innovations and
significantly reduces total welfare by 20 to 30geert. This is due to IP rights causing a shift
in behavior from more valuable, longer words tovgalelss valuable, shorter ones. At the
same time subjects, in their quest to avoid payimgnse fees, forego innovation
opportunities that are instead seized in absencdPofights. The detrimental effect of

introducing IP rights holds both with and withoohtmunication.

2. Experimental Design

2.1. Related experimental literature

Experimenters trying to deal with intellectual peojy issues face two sets of problems when
designing their tasks. First, they need to trardla¢ idea of innovation in the lab. This means
allowing the subjects to use both financial anditive resources, but within a task in which it

is possible to accurately assess quality and dgyaafi the goods produced. Introducing

creativity and skills is crucial to obtain externallidity of the results; control is crucial to



allow for treatment comparisons and to derive robasults. Second, they must recreate a
multi-period dynamic landscape in a relatively $Himed experimental session.

In order to deal with these basic design problenissa group of experiments chooses to
model the creative process using search over congplaces. Subject do not truly innovate,
but explore the introduced search space lookingdone optimal solution that yields higher
payoffs, and that the experimenter knows and ctntr®ften this optimal solution is
randomly chosen by the experimenter over the spgdetso, Copic, and Bossaerts (2009)
use a combinatorial task, with an optimal non-obsisolution, and find that participants
disseminate intellectual discoveries better in aketathan in a patent system. Cantner et al.
(2009) model R&D as a multidimensional search pssecgith uncertainty, in which the best
option is randomly determined. They investigate petition for innovation in a patent race
scenario to classify investor types, finding thatstrsubjects use objective investment criteria.
Dimmig and Erlei (2013) use a similar task and shbat the introduction of patenting has
only a minor impact on R&D behavior. Ederer and Bt@a(2013) use a search task in a multi-
dimensional space. They find that a combinatiotoldrance for early failure and rewards for
long-term success are most effective in fostermgpvation. Buchanan and Wilson (2014)
implement a search task that consists of creatihgrs with the aim of finding the ‘color of
the day’, randomly set by the experimenter, andoduce trade. In their IP treatment the
creation of non-rivalrous knowledge goods is highleswever, prices increase as substantial
monopoly profits are acquired by the innovatorsthie absence of IP, Buchanan and Wilson
still identify the incentive to create non-rivalolnowledge goods, but IP theft as well. They
also implement chat communication among subjecthédle bargaining and cooperation.

By choosing to implement search tasks, the afordored experiments abstract away from
the crucial features of creativity and individu#ills. In some of the designs, finding the
‘right’ combination is just a matter of luck andcemgh trials. Innovations are usually not
created through such a process. A smaller setpdrpachoose instead to implement creative
tasks. Buccafusco and Sprigman (2010) ask theijestgbto write poems and subsequently
implement a market for the poems. They find thatpheferences of IP creators, owners, and
purchasers are unstable and dependent on the digiebution of IP rights, and that there is
a substantial valuation asymmetry between creatodspurchasers of IP, similar to the well-
known endowment effect. Such designs capture thatigity core of innovations better, but
forfeit control — it is impossible to accuratelysass which poem is ‘better’ or ‘more creative’
in the set.

In this paperwe present a novel approach integrating both aigatand control of the
outcome. Weemploy a Scrabble-like real effort word creati@ng originally introduced by
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Crosetto (2010). In this task subjects innovater avéamiliar space (their language), using
both economic (experimental money) and cognitiveedtive effort) resources. The
production process requires creativity and skilit ibs results are countable and can be used
to create precise statistics and comparisons acasditions. By allowing subjects to extend

already created words, we induce sequentialitydymémics in an intuitive way.

2.2. Design

Our experimental design, originally proposed @sosetto (2010), is inspired by the board
gameScrabblewith the addition of a price on letters, strictjgentiality in word creation and
IP rights on created words. Buying letters is &yriswvestment, and sequentiality and IP
rights add a strategic dimension to the game.

The task of the subjects is to create words. Tleegalby using letters, which they buy from
the experimenters. Each word produced generatesraadiate payoff that corresponds to the
sum of the values of the letters used in the rdéameevord. This value is the same as in
Scrabble roughly determined by the inverse of a letter'sahit® number in the set. For
example, an A is worth 1, a B 3, an X 8.

There are two types of words in the experimenth\vitie letters they own, subjects can either
form a three-letter word (we call itraot), or extend existing words (@xtensiol Roots can
be produced with any three letters, as long asvitrel exists. For example, withr anda, a
subject can producart or rat. Extensions are generated by adding one letter yrnpasition

of a word: for instancegat can be extended inteart, or cats or chat* Extensions can be
further extended as long as the language allowsnébancecart can be further extended into
chart Roots can be used to generate alternative ertempsiths, and the amount of possible
extensions stemming from each word is usually land branched. Table 1 shows all the
extension paths afat, along with their value.

It is clear from table 1 that longer words tendyteld higher payoffs. Extensions are more
profitable than roots, rewarding the extender hi full value of the word extended and not
just with the value of his marginal contributiorarFexample, extendingat into cart costs the

subject the letter, worth 1 token, and yields a payoff of 6 tokens.

% The details of the letterset used are given ireagjx B, together with the English translation loé toriginal
experimental instructions.
* For the sake of clarity, all examples are repoiteBinglish, even if the actual experiment was iruGerman.
While the actual words that can be created varpssctanguages, the basic rules and the ideas bétend
examples are general.
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Table 1. All allowed extension paths ofat

extensions
root
+1 +2 +3 +4 +5
canst (7) canton (8) cantons (9)
cant (6) canto (7) cantor (8)
cantors (9)
cants (7) cantons (8)
capt (8)
¢ (7 carats (8)
cart (6) g::gt 8 carets (8) carpets (11)
carts (7) carpet (10) clarets (9)
claret (8)
casters (9)
cast (6) caste (7) caster (8) castled (10)
castes (8) coasters (10)
cats (6) casts (7) castles (9)
castle (8) ter (9
cat (5) coaster (9)
chant (10) chants (11)
chart (10) charts (11) chasten (12)
chat (9) chats (10) chaste (11) chastes (12) chastens (13)
cheat (10) cheats (11)
coast (7)
coat (6) coats (7) coasts (8)
@ scants (8) y (12)
scant (7 scantly (1 .
scat (6 scanty (11) y scantily (13
(6) scats (7) secant (8) secants (9) y (13)

This structure allows us to introduce intellectpedperty rights in a simple and intuitive way
by allowing the subjects to impose liaense feeon the use of their created word for
extensions. Through this fee subjects can secuteop#he surplus created in extending for
themselves. The surplus is generated by reusingsdéinee resources, i.e. letters. We let
subjects choose the level of the fee as a perogntegm 0 to 100%, of the value of the
licensed word. In the example, the ownercat (value 5) can choose to impose a fee that
ranges from O to 5 tokens to the subject that wgidloeextendcat into cart. License fees
enable us to address in a simple way the centaddlgmn in sequential IP rights, the split of

profits between upstream and downstream innovéBustchmer 1991).

2.2.1. Treatments
We implement two different treatments over thisibasructure, in a factorial 2x2 between-

subjects design. First, we manipulate exogenoustygresence or absence of intellectual
property rights. In the Intellectual Propertf?) treatments, subjects can impose a license fee
on the access to their words to othersndhP treatments, this is not possible, and all words

are publicly available at no extra femlP treatments are equivalent to exogenously setting al



license fees to 0%. We can thus directly test ffexieof IP rights on the rate of word creation
and hence on payoffs at the individual and groupl&e

Second, we manipulate the possibility for subjéctsommunicate with each other. Ihat
treatments we introduce a chat box in which subjeah communicate with all others in their
group. InnoChat treatments subjects cannot communicate. Thesemiee#t allow us to
observe the effect of communication as a meanaailithting cooperation on individual and

collective performance.

2.2.2. Design details
With this general description in mind, we now mdeethe details of the task. The game is

played by randomly matched groups of 4 subject® d@bmposition of groups is constant
during the whole game. Within groups, subjects [eguentially, as in turn-based games.
Subjects start the experiment with an endowmentafokens (1 token converts to €0.12, so
that the initial endowment is of €9) and 4 randopig-assigned letters. The experiment lasts
for 25 periods. In each period, each subject hasake at most three choices:iamestment

decision, groductionchoice and, iP treatments only, almtellectual Propertydecision.

Investment

Subjects buy a letter at a fixed price of 2 tokdredters are randomly drawn from the letter
set. The random sequence governing letter drawpresletermined and fixed, though

unknown to the subjects, in order to make resutisifdifferent groups and treatments fully
comparable. The average value of a drawn lett&/838, so that the price is slightly above the
expected value, which makes buying a letter a riskygestment with potentially negative

returns. Subjects can skip the investment phaselamoke not to buy any letter.

Production

Subjects are then given the opportunity to produgerd. They can create a new three-letter
word (aroot), extend an existing word by adding exactly ongetein any position (an
extensiol or do not produce anything and pass.

All submitted roots or extensions are spellchedkgdhe system. Moreover, subjects are not
allowed to submit a word previously created by othejects. All validly created words enter

a public word repository that each subject hahatcenter of its screen at any time. The list

® Synchronous decisions have been ruled out botrefsons of software complexity and in order tagissues
with duplicated words and time pressure.
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of existing words can be sorted alphabetically grvioord length, value, and, folP

treatments, word owner and license fee attachéuetavord.

Intellectual Property

In IP treatments and in case subjects produced a woot groextension alike) in the period,
they are asked to set a license fee that will afptheir newly-created word. Subjects submit
their choice using a line of radio buttorensisting of 11 discrete values, rangfngm 0% to
100% in steps of 10%, with no default value sekbc&ubjects can impose license fees only
to their marginal contribution to the word creatéul.the case of a root, license fees are
imposed on the whole three-letter word. In theecat an extension, the license fee is
imposed only on the added letter.

Let us work out an example. Subject A creaias a root of value 5, and imposes a license
fee of 60%. Subject B then extenzi® into chat Accordingly, subject B has to pay a license
fee of 3 tokens (5 times 0.6) to subject A for gsiat, but can in turn impose a license fee on
her marginal contribution to the word, the letteHer payoff for creatinghatis the value of
chat (9 tokens) minus the fee paid (3 tokens) and liteisce 6. If subject B sets a license fee
80% onh (the value oh is 4), then a potential extenderasfatwill have to pay 3 tokens to
subject Aand 3.2 (80% oh’s 4) to subject B. All these computations are autdacahy
performed by the computer that allocates licenss fe the respective marginal contributors.
By imposing license fees on words, subjects can gdditionalrevenue, when their words
are extended by others. However, on the group ,léeehse fees are nothing but a zero-sum

mechanism to redistribute wealth as there arearséaction costs.

Idle phase

When it is not their turn, subjects face the maiard of the gam&Here they can keep track
of their earnings, follow what other subjects amend, inspect and sort the list of words
created, and use an interactive spellchecker éer’ fr

In chattreatments, the main board incorporates a chatwete subjects can communicate
with each other. Messages sent to the chat bost@ntaneously visualized by all the other

3 subjects in the group.

® A screenshot of the main board can be found inirtsteuctions in appendix B.
" The spellchecker has been providedznable the subjects to explore the space of svandl make individual
skills less prominent. The spellchecker is basedhensystem’s internal dictionary — in our case, standard
Windows dictionary for German.
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2.3. Theoretical properties of the design

Our design aims at recreating in the lab a segalemtimulative innovation setting inspired
by the models of Scotchmer (20G#)d most closely Bessen and Maskin (2009). Inqudat,

we induce strict sequentiality, since each extenssocreated from an existing word by
adding one and only one letter.

We translate the concept of innovation in the Igblditing subjects be creative within a
familiar space thais vast but intuitively searchable. Moreover, #@ace is countable, as it
resides totally within the chosen dictionary. Everyrd that can be created according to our
rules is fully described by two dimensions: itsualthat is translated in immediate payoff at
the moment of creation, and its extendibility. Fe@ch root we computed the number and
value of all possible extensions. Recursively, uwktde same for each extension. We hence
have a precise and complete map of the innovapanesfacing our subjects.

Creating extensions requires effort and the presehcoots to be extended, but the reward is
higher. This models the effort needed to invenainatural way: generating complex ideas
requires both effort and the ability $tand on the shoulders of giants

Moreover, our experiment includes a key featuretaafhnology markets: the fact that
“imitators do not produce direct ‘knockoffs,” buather differentiated products. [... T]he
different R&D paths behind these products permitoirative complementarities. Imitation
then increases the ‘biodiversity’ of the technolojgy], improving prospects for future
innovation” (Bessen and Maskin 2009, 613). Extemsiaot only incorporate the existing
root, but enlarge it in different directions, inaséng the ‘biodiversity’ and opening up paths
for future extensions. Discoveries work through iayement rather than replacement.

Finally, as in Bessen and Maskin (2009), innovaion our experiment are complementary.
Each innovator can take a different research liee produce different words given the same
letters, or strike a different deal between valod axtension potential, and thus enhance the
probability that more sophisticated products aeated.

2.4. Testable hypotheses

What is the effect of IP rights on innovation?

Our IP treatments are designed to provide an experimanther to this issue. In our task,
overall welfare depends on the relative numberxbéresions built per each root. Since the
expected net value of buying one letter is negdtive expected value of randomly drawing a

letter is 1.87 for a cost of 2), a group only pradg roots will face a decline in welfare, as

10



compared with the initial endowment. Extensionsvalfroups to use their resources (letters)
several times, producing net welfare gains as invexst costs are sunk.

In IP treatments the presence of license fees affectallineation of the surplus generated by
extensions between the upstream and the downsireantors. IP rights give incentives to
innovate, but at the same time impose costs on sliogam innovators, and hence act as a
brake on the creation of more complex, derivatweentions. As in Scotchmer (1991he
effect of IP rightson overall welfare are hence ex-ante ambiguous,vemdio not posit a

specific hypothesis on the matter.

What is the effect of communication on innovation?

We further investigate the individual motivation aontributing to sequential innovation.
Based on the findings of the public goods liteatuwhere communication leads to more
cooperation (see, among others, Bochet, Page, attelfAian 2006) and the studies pointing
to high altruistic contributions in open innovatigemmunities (Lakhani and Hippel 2003),
we expect communication to have a positive effacttloe innovation rate. We therefore
expect communicating subjects to build up groupmsorof low overall license fees
independent of the IP framework. Lower fees wobkhtlead to an increase in the number of

extensions for each root, allowing the groups &xhemore sophisticated innovations.

Which level of license fee will prevail in the lamm?

In IP treatments, in which subjects are free to set tpeaferred license fee, our task
replicates a social dilemma situation. Setting mwno license fees increases the chances of
collectively reaching longer, profitable words, piding a public benefit; higher fees, on the
other hand, are likely to generate higher privatams. In this context setting low fees can be
interpreted as cooperation, since it potentiallgdis the group’s overall welfare.

Moreover, robust evidence from public good games &i decreasing levels of cooperation
over repetitions of the game, and at a strong etiemitial values(see, for instance, Croson
2007; Fischbacher and Gachter 2010). As in puldimdggames, we therefore expect a path-
dependency following the initial decisions, wherdlmense fees chosen in the beginning
determine the long term average level of licenss f@ithin groups. We expect subjects to
impose increasing license fees as the game prgceedalso expect the level and rate of

increase to be lower ichattreatments, in which cooperation is facilitated.

11



2.5. Experimental procedures

Experiments were conducted in the Laboratory fandoral Economics at the University of
Gottingen in August and September 2013. The exariahl software was written in python,
and adapted fron€rosetto (2010)Participants were recruited with ORSEE (Greiner400
and were allowed to participate in one session.OMg recruited 214 participants. Prior to
the experiment, participants were exposed to auapertest to ensure a full working
knowledge of Germah22 subjects failed the test and had to be exclfided participation.
The remaining 192 participants took part in 18 isessof the experiment.

We implemented a pure between, 2x2 factorial desigyssing the dimensiomhat/noChat
and IP/nolP. Subjects were allocated to 48 groups of 4 playg?sfor each treatment as

summarized in table 2.

Table 2. Overview of the treatment conditions

no communication communication
no IP noChat/nolP chat/nolP
(N=48) (N=48)
IP — endogenous license fee noChat/IP chat/nolP
(N=48) (N=48)

Once allowed to participate, and before the stathe main task, subjects went through an
incentivized word-finding control taskAt the end of the 25 periods of the main task, and
after being notified their final score and paygférticipants were asked to complete a short
not incentivized questionnaire, including demogreph controls for language skills,

familiarity with word tasks, and risk aversion. @ak participants were 24.1 years old and
53.6 percent were female. Sessions lasted arounai®Otes. The 192 participants earned

€16.19 on average, with a minimum payoff of €7.d armaximum of €28.5.

3. Results

In this section, we first report treatment effeesalyzing the impact of both thié andchat
manipulations on the total number, quality and gabf created words. Since the game is
path-dependent, we then test the robustness ofimdings by controlling for the actual

decision sets faced by each subject at each declle then turn to the individual and group

® The test was developed by Kirchkamp and Reif3 (R0lHe participants had to find the correct word$ooms
to complete sentences in a German text.
° The task wasdapted from Eckartz, Kirchkamp, and Schunk (20&@).details see appendix A.
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level, and run regressions to check if resultsigarwhen group and individual heterogeneity
are taken into account. The focus on individualicd® allows us to check to what extent
individual choices were consistent with individuad,group payoff maximization. Finally, we

analyze the prevailing levels of license fees,rtldghamics, and if their level impacts the

innovation rate.

3.1. Aggregate results: words and value created

We first test if and to what extent the aggregatguat created in our experiment is affected
by the presence of IP rights and communicationmeéasure output we use ttotal net value
created in each group, i.e., the value of all theds created, minus the cost of the letters used

to create them.

Table 3. Overview of words and value created by tegment

noChat/nol P noChat/I P chat/nol P chat/IP

85.5 84.3 80 81.42

letters bought mean (sd) (7.51) (8.05) (9.16) (7.43)
total net value mean (sd) 288.25 204.92 252.42 189.17
(44.21) (46.23) (76.51) (56.26)

median 295.5 210 235.5 209

min 200 103 155 99
max 350 274 404 280

word lenath mean (sd) 4.97 4.49 4.84 4.37
9 (.3756) (.3219) (.4103) (.3573)

word value mean (sd) 4.59 3.74 412 3.52
(.5366) (.5744) (.8238) (.6187)

. 49.33 43.33 45.33 38.5

no. extensions mean (sd) (5.76) (6.21) (8.11) (7.54)
M. roots mean (sd) 10.92 13 10.67 14.25
' (1.98) (2.22) (2.61) (2.60)
extensions per 4.69 3.41 4.58 2.81
root mean (sd) (1.219) (.7384) (1.604) (.7846)

Table 3 summarizes the core results on words ahdalee created. In the table, the total
amount of letters bought represents the level wéstment in the group. The average word
length, together with the average word value, meathe degree of sophistication reached.
The number of roots and extensions measures thre sitidbase and follow-up inventions,

respectively. All measures are calculated at tbemtevel.

13



3.1.1. The effect of intellectual property rights
We find thatnolP treatments result in significantly higher outputithvand without chat

communication (Mann-Whitney-U té&t for chat/IP and chat/nolP z=-1.675, p=.094; for
noChat/IPandnoChat/nolPz=-3.464, p=.0005). The difference is rather latgeabsence of
property rights with (without) chat communicatidretaverage net value created is about 40%
(33%) higher. The groups performing worst in ti@P treatments achieve a total net value
that is 50% (100% without chat) higher than thestigroup of théP treatments.

Figure 1 shows that the distribution of total natue acros#i0lP groups dominates the one

for thelP groups, both within thehatand thenoChattreatments.

total net value
100 150 200 250 300 350 400
. \‘

total net value
100 150 200 250 300 350 400

group group

—-—@—-= chat/nolP - X-weee chat/IP ‘ ‘—I— noChat/nolP ~ ——4-—=- noChat/IP

Figure 1. Total net value by treatment and group

These striking differences are reflected in theratizristics of the words created. Without IP
words are longer (MWU: fochat/IP and chat/nolP z=-2.483, p=.013; fonoChat/IP and
noChat/nolPz=-2.944, p=.0032) and tend to be more valuableva@nage (MWU: fochat/IP

and chat/nolP z=-1.559, p=.119; fomoChat/IP and noChat/nolPz=-3.233, p=.0012). In
contrast, the average investment is almost equasadreatments, as measured by the number
of letters bought (MWU forchat/IP and chat/nolP z=0.521, p=.6024; fonoChat/IP and
noChat/nolP z=-0.406, p=.6850).

RESULT 1: Introducing IP decreases overall welfare as a panable level of investment is

transformed into less sophisticated and less vdeiainovations.

We now analyze what drives these treatment diffsenRecall that a group as a whole does
not bear any additional costs when building ontegsroots or prior extensions, whereby the

letters already used generate their inherent paagsin. Letters already bought can be seen as

1%1n the following referred to by “MWU?”.
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an endowment which was paid for beforehand, i.etettare only sunk costs but potential
gains in creating extensions. As a consequenceaalbweelfare increases with the relative

number of extensions compared to roots.

I
I
- | | I

roots extensions

_ chat/IP _ noChat/IP chat/nolP noChat/nolP

40

30

average count

10
|

Figure 2. Number of roots and extensions createdylireatment (error bars show st.err. of the mean)

Figure 2 shows the average over groups of the numfb®ots and extensions by treatment.
There are substantial differences across treatmdémtshe IP treatments roots are built
significantly more often relative to extensions. dnat/IP (noChat/IB 71.1% (71.9%) of
created words are extensions, whereaschat/nolP (noChat/nolf the share is 79.3%
(78.5%). Both differences are statistically sigrafit. Moreover, in thaolP treatments more
extensions are created on average from each rost{Mor chat/IP andchat/nolPz=-2.830,
p=.0047; fomoChat/IPandnoChat/nolPz=-2.688, p=.0072).

RESULT 2a: The deterioration in welfare due to introducing ¢Bn partially be ascribed to

a shift towards more basic innovations relativette more sophisticated sequential ones.

We consider another channel through which IP rigbtdd cause detrimental effects on total
net value. Subjects might be characterized Ipyederence for their own creation¥hat is,
they might refrain from extending words createdhbyer players and restrict attention to their

own. This might be due to an enhanced familiaritghwone’s own creations, or, P
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treatments, to avoid license fee payments. If bielsavior emerges, profitable opportunities
might be missed and the total net value of the gmight end up being lower.

This behavior might stem from two different stragsg On the one hand, subjects might be
rationally avoiding paying fees, and choose to terélaose words or extensions that give the
highest payoff individually but not collectivelyn lother words, subjects in olR treatments
face collective action problems, while subjects@P treatments do not. On the other hand,
subjects might show an aversion to license feesn whenpaying a fee might be the
individually optimal choice. In this paragraph, westrict attention to the preference for own
words, irrespective of the reason. We discuss dtienality of this behavior in section 3.3

below, where we analyze choices at the individexatl.

We investigate the existence of a potential preiegefor own words by assigning an
originator to each word. The originator is the sgbjwho created the root for the respective
word *Assuming an even distribution of letters and skiflplayers do not take into account
the property status of the word they wish to exteadubut one extension in four should
originate from the same subject, while three odfbaf should originate from other subjetds.
Higher shares might be expected, however, duerte qmath dependency causing subjects to
find extensions to their own words more easily. tiddally, subjects might think in advance
of a stream of extensions when building a root, lagdce create a word that they are able to
extend by themselves as the game proceeds. Noesthébr the sake of simplicity we will
take a share of 25% as our benchmark. Figure 3 d¢heaverage share of extensions built on

self-originated words by treatment.

1 Consider, for instance, a four letter word thasweeated by subject A and then extended by anstigect
B: the word is assigned subject A as its originaldnis definition strongly simplifies the analysis we do not
have to deal with multiple owners and are stilleatt make meaningful comparisons based on an apgt®p
number of observations.
12 This is the share that should prevail if play@osnot careabout the property of the word they want to extend,
and just choose the best option available to theang time. This is also the expected behaviomhmnolP
treatments, since in those treatments all worde ltla& same property status — they belong to everyamd no-
one.
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Figure 3. Share of extensions of self-originated was by treatments (error bars show st.err. of the mean)

The figure shows that in th@lP treatments the share of self-originated words & e the
25% benchmark that we assumed for the case of eferpnce for own words. P
treatments, on the other hand, the share is hitjaer 30%, significantly so with respect to
nolP treatments (MWU: forchat/IP and chat/nolP z=1.877, p=.0605; fonoChat/IP and
noChat/nolPz=2.543, p=.011).

RESULT 2b: The deterioration in welfare due to introducing ¢Bn partially be ascribed to
a shift towards favoring self-originated innovatsoto avoid paying license fees.

3.1.2. The effect of communication
When comparing the communication treatments carthti on the IP regime, we find no

significant differences in total net value (MWU:rfehat/IP and noChat/IP z=-0.549,
p=.5832; forchat/nolPandnoChat/nolPz=-1.444, p=.1487).

The number of letters bought is significantly highadnen there is no chat communication for
the nolP treatment (MWU: forchat/IP andnoChat/IPz=-0.668, p=.5043; fochat/nolPand
noChat/nolPz=-1.852, p=.0640). The difference fwolP is quite relevant and amounts to 5.5
letters (85.5-80). Without chat communication oedatvords are of the same length (MWU:
for chat/nolP and noChat/nolPz=-0.808, p=.4189; fochat/IP and noChat/IP z=-0.751,
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p=.4529). The effect of communication on word lénigt not significant in théP treatments,
while in thenolP case the groups allowed to communicate producétblighorter words
than the groups that were not (MWU: fdrat/nolPandnoChat/nolPz=-1.877, p=.0605; for
chat/IPandnoChat/IPz=-0.866, p=.3864).

These results might be somewhat misleading sint¢ealhayroups that were offered chat
communication actually used it. élhat/IP (chat/nolPpnly 58% (75%) of groups sent at least
one message. We can further define a criterion itlattifies groups that actually used the
chat communication in eeaningfulway, i.e., to discuss the game or possible siegéy
Only 42% (66%) of the groups chat/IP (chat/nolP)id so. However, these groups achieved
a higher total net value — 219 (263) on averagenagd67.86 (231.25) on average — than
groups that did not use the chat. These differeace®nly weakly to not significant (MWU:
for IP z=-1.627, p=.1038; fanolP z= -1.189, p=.2345). Recall thatmoChat/IPthe average
created net value amounts to 204.92 ambi@hat/nolPto 288.25 Accordingly, groups using
chat communication in a meaningful way are stitldpable of substantially outperforming the
average noChat group. We are further not able to identify whethgnoups offered
communication and using it perform better becadgbeocommunication itself or because of
a self-selection process, whereby more cooperativemore capable group members
communicate more often.

We conclude that introducing communication by nanseprecludes the detrimental effects

of introducing property rights identified in ourpgetiment.

RESULT 3: Allowing for communication has no effect on oVievadlfare, regardless of the

established IP regime.

3.2. Controlling for the actual choice set

The results reported above are strong, but areatijudependent on the path that was taken
by the different groups in terms of extendibiliti tbe words created. Each choice by each
subject not only gives an immediate payoff, bubakapes the current and future choice sets

13 We define this criterion as being true if playessnmunicate to discuss game related topics angusbgreet
each other. Communication is defined as game celtiney talk about something meaningful with respto
license fees (player 2: “Shall we keep the liceiees down?”, player 1: ,20 percent is fair :-)"apér 3: ,agreed
:)", player 4: “Sounds good”), the words producetayer 1: “did you built miste out of mist or ouf mit?
@player 27, player 2: “mist”), looking for help find words (player 2: “do you have an idea for jlayer 1:
“hmm, no, that’s difficult”), making sure the rule$ the experiment (player 3: “How many rounds #rere?
Till there are no letters left?”, [...] player 1: ,2®unds, | think!, player 4: ,yes“) or discussimpssible
strategies (player 1: “does it make sense to bleyter in each round? And we maybe always waitrés$ enter
till the time is over to have more time for thingi?i, player 2: “ok”).
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of all subjects. In this section, we take carehig problem by introducing an indicator of the
value of a wordelativeto the actual choice set facing a subject at thenemt of choice.
Consider the actual choice 98t given for each subjectin periodt. This choice set is a
function of the letters owned by playeand the existing words at time For each choice
citeCit we computed the immediate net payoffzés;), subtracting from the raw payoffs the
license fee paid and the cost of the letter(s) .u¥éd then compute, alongside the actual
payoff z; the maximumM=max{z(ci),CicCi} and minimum m={z(ci),CcCit} payoffs
obtainable fronC;.

The actual payoffs; is by definition smaller than or equal to the nmaxim M;; and greater
than or equal to the minimum; payoff obtainable. We then can calculate the inadatet
value of the actual choice by subjeet timet, henceforttRN\, as:

RNVi=(7ie-mie)/ (Mie-mt)

Note thatRNV; ¢[0,1], m<0, M>0 andm<c< M for all subjects, periods and treatments. This
measure allows us to control for path-dependeniggieh values of the RNV imply better
performance in the specific situation conditionaltbe actual choice set faced by the subject.
Subijects clearly should aim to maximize the RN\it asaximizes payoffs?

Table 4 shows the RNV for all treatments pooledr@veups and periods.

Table 4. Summary statistics of the Relative Net Vak by treatments

RNV
average (sd) median min max
noChat/nol P (.55123) 387 356 450
noChat/I P ¢ 531079) 311 274 378
chat/nol P . 55669) 358 272 461
chat/IP (;8533) 333 253 389

RESULT 1, 2&and3 are robust to the introduction of RNV rather thatal net value. The Null
that all RNVs are equal across treatments can jeeteel (Kruskal-Wallis test 42=19.913

4 Note that, however, using the RNV does not allowdhecking if a decision was optimal for the grapa
whole. To be capable of defining a decision as d@ptimal from a group’s perspective, we would héwve
account for all possible paths and future outcoenesot or extension opens up. It is technicallysiide to do
so, but we argue that these calculations are wayeathe cognitive capabilities of subjects andéfere cannot
be considered to measure the optimality of a gigkaice. Consequently, we build on this rather mgopi
maximization problem of an individual player.
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with df=3, p=.0002). We find significant differerebetween IP treatments conditional on the
communication regime (MWUchat/IP and chat/nolPz=-2.136, p=.0327; fonoChat/IPand
noChat/nolP z=-3.811, p=.0001), but no significant differendastween communication
treatments conditional on the IP regime (MWhat/IP and noChat/IP z=0.520, p=.6033;
chat/nolPandnoChat/nolPz=-1.501, p=.1333).

While the total value created is always weakly @éasing over periods, the RNV can in
principle increase or decrease. It increases ifestilearn to better exploit the opportunities
they face. It decreases if subjects cannot keepwitipthe increasing amount of possibilities
open to them. The maximum obtainable payoff is radicator of theopportunitiesthat a
group is able to build; the RNV measutesvhat extenthese opportunities are seized by the
subjects.

Figure 4 shows the development of the maximum, mimn obtainable and actual payoffs

over time by treatment.

chat/IP noChat/IP

net payoff

period

¢ (actual) ———= m (min)

Figure 4. Evolution of minimum, maximum and actualpayoffs by period and treatment

Three remarkable facts are evident from the figiiest, as already noted in table 3 above,
the average value of subjects’ choices is higheahbsence of IP. Second, the RNV is
decreasing for all treatments as a consequendeaeofatt that the increase in M — as more
words are created opening up more opportunitiesdbjects — is not matched by a similar

increase in actual payoffs. ThirdplP treatments generate way more opportunities tRan
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treatments — as can be seen from the trajectorth@fmaximum achievable value (M)
shooting off. The slope of M by period is signifitly higher fornolP vs. IP treatments (the
slope is 0.4165 for pooledolP treatments, 0.3069 for poold&® treatments, differently
significant in an interacted regression, p<.000hisT different success at creating
opportunities is due to the fact thatrialP treatments more extensions are built, allowing the
subjects to reach longer words and opening upaerset of choices.

In our experiment, in presence of IP some sequantavations with a very high value for
the whole group are not attainable at all or onlthveonsiderable delay. For instance, the
most valuable attainable word reaches in treatme@hat/nolPa payoff of 10 by period 13,
moving then to reach a maximum over 14. In theespondinghoChat/IPtreatment, M is at
6.4 by period 13, and it never reaches the valu&of

RESULT 4. In presence of IP very valuable sequential innaradi are out of reach or

achieved with delay only. Absence of IP pushekduthe frontier of achievable innovations.

3.3. Results and behavior determinants at the individuabnd group level

We now turn to the individual and group level inerto test the robustness of our results and
to identify the determinants of performance.

Therefore, we run a simple OLS regression of th&/RIN treatment conditions and a set of
control variables. We introduce dummy variablesdoat andIP treatments; their interaction
identifies thechat/IP treatment. The baseline treatment for the regrassinoChat/nolP In
order to control for unobserved heterogeneity ibjetts’ abilities in word creation, we
include in the regression their performance in atrad task that we designed for the purpose
and was run before the experiment. Details oféis& &ind its results can be found in appendix
A. We include dummy variables for subjects in thgoer and lower 25 percentile of the
earned points distribution in the task, denoted vawdtask high and wordtask low
Furthermoreage female proficiencyin German (on a scale from 1 to 5) aperiod are
included as explanatory variables. We interactqoewith the respective treatment condition,
as we expect the RNV to decrease more strongligserace of property rights (see figure 4).
Individuals’ performance might crucially depend tme capabilities of the other group
members. We therefore run the regression on thepglevel as well. In this case the most
capable member of the group might determine therstiperformance as she might open up
promising paths by building favorable roots andeagtons. The exact opposite might be true

if there is a member with very low task-specifidllsk This aspect is accounted for by
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redefining the dummy variablegordtask highandwordtask_low which in this case refer to
the presence of at least one group member showghgdr low performance in the control
task. Results are summarized in table 5.

Table 5. Regression results — RNV

(individual level) (group level)
chat -0.0325 -0.0419
(0.0321) (0.0297)
IP -0.0839** -0.0871***
(0.0346) (0.0297)
chat_IP 0.0653 0.0794*
(0.0534) (0.0420)
period -0.0112%** -0.0118***
(0.00145) (0.00141)
period_chat/IP -0.00135 -0.00179
(0.00265) (0.00199)
period_noChat/IP 0.000281 0.000601
(0.00208) (0.00199)
period_chat/nol P 0.000649 0.000862
(0.00234) (0.00199)
high in control task 0.0171 0.0145
(0.0170) (0.0110)
low in control task -0.0570*** -0.0102
(0.0163) (0.0115)
female -0.0259**
(0.0123)
age -0.00491**
(0.00233)
proficiency 0.00238
(0.00408)
Constant 0.673*** 0.552***
(0.0608) (0.0246)
Observations 4603 1200
R-squared 0.070 0.216

Note: Standard errors in parentheses and *** p<0.01p<®.05, * p<0.1. Standard errors are clusterechergtoup level for the individual

level regression

Estimated coefficients confirm our findings. Intumihg IP decreases the created relative net
value. A joint significance test fahat andchat_IP does not reject the Null of no influence
(on the individual level F=.81, p=.4502; on the rolevel F=1.8, p=.1662). Thus chat
communication cannot prevent the negative effechiwdducing intellectual property rights.
As the game proceeds, created relative net valigzidates as the marginal effect fogriod

Is significant, negative and quite strong. Redadit 25 periods were played, i.e. the average
RNV is estimated to almost halve from the firstveyy last period. This result confirms the

developments shown in figure 4, although the irttgwa of period andIP is not significant,
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indicating that there is no significant differencethe downward trend between treatments.
The indicator variables for the performance in tbatrol task show the expected signs. On
the individual level we find a significantly worperformance of subjects performing weakly
in our control task. Females and older participdatel to perform worse, while the self-
reported level of proficiency in German shows rgm#icant influence.

All in all, our results prove robust when contnagjifor the dynamics of the game, the actual
choice set and participants characteristics atndigidual and group level.

The results of the RNV regressions shed light owtler reason why IP leads to
comparatively worse performance: P treatments subjects restrict attention to self-
originated words more than what optimal behavioulMggrant. In presence of license fees,
optimality for the individual and for the group dnge. Roots and extensions of own words
are more favorable as no license fee paymentsnaieced. Thus, the observed systematic
shift in behavior towards more roots and more satiinated words could reflect a rational,
payoff-maximizing adjustment at the individual levEhe RNV regressions show that this is
not the case. P treatments subjects not only create less oppoign{tower maximum
available payoff, see figure 4), but they also @enf worserelative to these reduced
opportunities, as clearly indicated by the strong aignificant negative sign fdP in the
RNV regressions. InP treatments subjects overreact to the introductibiiPoand forego
substantial gains by trying to avoid license fegnpants. As a consequence the total value

created decreases even more than it could be expetien assuming fully rational behavior.

RESULT 5: IP causes behavior to change even more drastitiady it could be expected by

assuming rational behavior. Subjects opt for lowet payments to avoid license fees.

3.4. Dynamics of license fees

In IP treatments subjects were able to choose the bdemsbetween 0 and 100% of the value
of their marginal contribution to the word. Figuseshows the average license fees chosen
over periods for théP treatments. Average fees tend to increase asatime groceeds. Since
the chosen fee can be interpreted as a measule dével of cooperation within a group
(cooperation increases as the fee demanded goes),dthis finding resembles the typical
pattern of social interaction shown in many pulgood experiments (see, for instance,
Fischbacher and Gachter 2010). In the first fiveqoks, the average fee amounts to 0.59
(0.49) inchat/IP (noChat/IB; it increases to 0.69 (0.63) in the last fiveipés. Overall, the

presence of communication does not seem to avadetideating cooperation levels; overall
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fee levels are not significantly different betweemat/IP and noChat/IP (MWU, z=.924,
p=.3556).
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Figure 5. Average license fees over periods by treaent and within chat/I P

We additionally distinguish groups that use chahcwnication to discuss license fee levels
from those that do ndf. The former tend to be able to maintain lower feesr the course of
the experiment. Communicating groups start off @w Ifees, and are able to avoid a
deterioration of cooperation. Observing group meamskbat refrain from communication
might be interpreted as a strong statement fouttvallingness to cooperate in general, which
then leads to higher fees in comparison to treatsnemwhich there is no opportunity to
communicate in the first place. However, this ddfece within thechat/IP treatment might
be due to self-selection. The difference cannohéld as evidence in support of a positive
communication effect.

Overall, we conclude that, but for a small subdegjroups, chat communication is by and
large not used to solve the collective action pgobiintroduced by the presencelBf We
interpret this finding as lending additional sugpimr RESULT 3 communication is not an
appropriate means to prevent the detrimental eféécintellectual property rights in our
sequential innovation setting.

The average level of license fees increases owe; thonetheless, the best predictor for the
fee levels in the latter part of the experimentfaeelevels in thdirst threeperiods. Figure 6
shows a strong positive correlation of the averagense fee in the first three and in the

subsequent 22 periods.

!5 Note that out of 12 groups @hat/IP only 5 groups actually used chat communication @mg 4 specifically
discussed the levels of license fees to choose.
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Figure 6. License fees path-dependency

Since average fees are increasing over time, #rersome deviations toward the right hand
side of the perfect correlation line. However, theégviations are rather modest. Ebat/IP

the correlation amounts to 0.9108 (p<.0000) and rfoChat/IP correlation is 0.7663
(p<.0000). This points to a higher share of grotlfad are able to agree upon a rather stable
level of license fees by means of communicatiornwdffurther focus on the groups that use
the chat to talk about fee levels, the correlai®r{0.9739, compared to 0.7494 for non-
communicating groups). We confirm the finding thedme groups are able to use
communication to achieve fee stability at low levéls above, we cannot ascribe for sure this
result to communication in general, since self-céa is at play.

The average level of license fees for the wholeegy@oremost determined by actions in the

very first periods rather than communication.
RESULT 6: Cooperation as measured by license fees demanae@ppath-dependent and

tends to decrease over time; its level is deterchimg actions in the very first stages of the

game.
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3.5. Importance of demanded license fees

We showed that introducing IP reduces total welfareur sequential innovation experiment.
License fee levels serve as an indicator for caaipmr that we found to be path dependent
but by and large independent of the chat commubitaHowever, actual license fee levels
might explain variation in welfare created acrossugs, as one might expect groups agreeing
upon low fees to perform in a similar way to theesmcting in absence of IP. Figure 7 plots,

for each group, average fee levels against achieredfdre as measured by total net value.
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Figure 7. Average license fees and total net vallRNV

While there seems to be a weak negative correlatidiee levels and total net value when
there is chat communication, this relationshipesersed without communication. Pooling
together botHP treatments gives a correlation of average licdaseand total value created
that is close to Opk-0.0000). Endogenously chosen fee levels are heatsystematically

related with the group’s total output. We conclutiat introducing an IP regime has a

negative effecper se the absolute levels of license fees are irrelevan

RESULT 7: Absolute levels of license fees are of no impogdoc the detrimental effect of

an IP regime.
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4.  Conclusion

This paper advances the debate on the role oflantell property rights by means of a
laboratory experiment. We recreate in the laboyadosequential innovation environment, and
use a novel word-creation task that combines timralefeatures of innovation, investment
and creativity, in one experiment. We use this taskvestigate the effects of the presence or
absence of intellectual property rights on innavatactivity and welfare. We further assess
the effect of communication with and without IP.

Results clearly show that the introduction of ilgetual property hinders innovation. In
presence of IP the economy produces less and lalsmble innovations, and welfare
decreases. Introducing IP causes a shift towarde iasic innovations and a higher degree
of autarky — i.e., relying on the self-producedoprinnovations rather than building on the
best available opportunity within the economy agjéa Conversely, the absence of IP results
in more sophisticated and more valuable innovatamms provides incentives to stand on the
shoulders of giants, opening up more and more tpté& innovation paths. Moreover, the
negative effects of IP are not a short term phemamgbut rather worsen over time as license
fees tend to increase, leading to the breakdowsooperative efforts and the use of autarkic
strategies.

These results are robust to the introduction of mamcation. The possibility to cooperate
directly via chat, that is the possibility to neigte a mutually beneficial level of license fees,
is only seldom exploited, and if so, it does nadéo increased levels of innovation and
welfare.

Our experimental approach gives us distinct cordrx@r confounding factors, and produces
clean causal evidence. At the same time, the walafi results from the lab for actual field
conditions might be questioned. Therefore, we cleotask that included several features of
real innovations — the sequential nature, thensiti plus the potential value of innovations,
the role of creativity, knowledge, cooperation, gatition, and skill, the presence of risky
investments —, that were at the same time intufvesubjects and completely controllable by
the experimenters. To the extent that the chaiatitey of our task match the ones of actual
innovation industries, our results can be applisd autside the laboratory.

Our results suggest that in industries where intiona are strongly sequential — as in
pharmaceutical, bioengeneering, and software inégst granting intellectual property rights
might slow down the rate of innovation and reduedfave. Thus, our findings lend support to
the arguments against the extension of intelleqioaperty to new fields, especially if they
are characterized by fast, frequent, small and ¢atwg innovations — as is the case of
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software patents. Our findings are in line withighgs from the model of Bessen and Maskin
(2009) and thease against IPnade by Boldrin and Levine (2013).

In our experiment both innovation and welfare tarivithout IP, as it happened to several
industries in the past, and are hampered by theepoe of intellectual property rights, whose

stated reason to exist is, paradoxically, to fosteovation.
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Appendix A — Performance in the control task

Before starting the experiment, we ran a contrsk t@ measure the subjects’ word-creation
abilities, with the aim of creating a variable tmtrol for skill heterogeneity in our regression
analysis. The control task is built on Eckartz,dkikamp, and Schunk (2012). All subjects are
endowed with the same alphabetically ordered sel2oflietters &ccehhikllst, and have

3 minutes to build as many words as possible, usitg letters from the set. Each word earns
the subject points. The value of the words createdeases more than proportionally in
length: a three-letter word yields 6 points, a flaiter words 10, a five-letter word 15, etc. In
total, the given letter set allows to build 330 d&r worth 5585 point®. The task is
incentivized by rewarding the performance of thethiree subjects in each session with €1.
Figure C.1 gives an overview of the distributiortlod groups’ performance across treatments
as measured by points earned.

chat/IP noChat/IP
o 81 =] ﬁ = = g Ef= =
go-ééé Gubge8s= | g 5872308
-§ 1 2 3 456 7 8 9101112 12 3 456 7 8 9101112
g chat/nolP noChat/nolP
.é %-
8_59Té?959 QEE 5BeHfipe0"agt

12 3 456 7 8 9 101112 12 3 456 7 8 9101112
over group

Figure C.1. Performance in the control task by grop and treatment

While there is some heterogeneity on the groupl |erfferences equal out at the treatment
level. Applying a Kruskal-Wallis test on the grolgvel, we fail to reject the Null of equal
performance across treatmen3=(.021 with df=3, p=0.7962). Overall, our groups bt
statistically differ in word-creation skills acrog®atments. Individuals’ differences in the
control task are used to control for individualllskin the regressions of section 4.3.

Appendix B - Instructions

'® The instructions for the control task can be foimeppendix C.
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We report here the English translation of the aagjiGerman instructions for all treatments.
The differences between treatments are indicatesfuare brackets. The original German
instructions are available upon request.

The Game

In this experiment, your task is to build words otitetters as in the board game “Scrabble”.
By building words you increase your payoff: Forteamrd you get a payoff calculated by the
sum of the values of each letter. You start the ggyanth an endowment of 4 letters. During
the course of the game, you are able to buy additietters.

During the course of the game, you will play inraup of 4 players [tat treatmentswith
whom you are able to chat].

Payoffs

Your payoff depends on the sum of the value of ytaiters, which is calculated in
experimental tokens. One token is converted to & at the end of the experiment. You
start the game with an endowment of 75 tokens. Wwteit is possible to end the experiment
with less than your starting endowment.

Please note the table below containing all lettdrsir value (in tokens) and the frequency
with which they occur in the game. During the gailme letters are always displayed along
with their value.

Table 1: List of letters

Letter | Value | Frequency| Letter | Value | Frequency| Letter | Value | Frequency

A 1 10 J 6 2 S 1 14

B 4 K 4 4 T 1 12

C 4 4 L 2 6 U 1 12

D 1 8 M 3 8 V 6 2

E 1 30 N 1 18 W 3 2

F 4 4 @) 2 6 X 8 2

G 2 6 P 4 2 Y 10 2

H 2 8 Q 10 2 Z 3 2

| 1 12 R 1 12

On the next page you will find a screenshot of thain board of the game and some
explanations to get a first overview of the gameéefailed explanation of the game ensues.
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Course of a turn

When it is your turn, a dialog pops up asking youdhoices. During your turn you cannot
use the spellcheckeclat treatmentsand the chat]. You have 45 seconds for your dmtssi
You can see the remaining time on the top-left epof the screen. If your time expires, you
are subtracted 1 token for every additional 10 sdsdrom your endowment.

Every turn consists of two phaséB freatmentsthree phases]:

1. Buying phase

Your activity: Buying letters
You can choose to buy or not to buy one lettehatgrice of 2 tokens. If you buy a letter,
it will be chosen randomly from the list of lettessown on the table on page 1. At the
beginning you are given four letters for free. Edefter can only be used once: After
producing or extending a word the letter will béetied from your letter set.

2. Word phase

Your activity: Producing or extending words
You can use German words, their conjugations actind¢ions and some names of places
and persons. You can test if a word is correctquiie spellchecker when it is not your
turn. Correct words can be built as follows:

Option 1:  Producing a 3-letter word

a) You can produce a word using exactly three of yetters. The payoff you earn
for creating a word is given by the sum of the eadfi the letters (Example: ,pol
p=4,0=2,1=2.This results in 4+2+2 = 8 tokp

To create a word, you will have to type in thedestwith your keyboard.

Please note that you cannot undo mistakes: if yakenan error while inputting

the word (i.e. inputting a too long, too short, eristent or misspelled word, or
pressing the enter key on an empty field) the passes to the next player. You
will have the opportunity to reiterate your entigrrectly only in the next period,

during your next turn.

Option 2: Extending a word

b) You can extend an existing word insertong letter in any position in the word.
For example ‘ast’ can be extended irflest’, rast’ and ‘ast’. And ‘last’ again
into ‘laust’ and this intoklaust'. It isnot possible to rearrange existing words
(e.g. to build from ‘ast’ the word ‘Star’).
Your payoff results from the sum of the value o thtters of the newly extended
word. By extending e.g. ‘last’into ‘lst'youget1=2,a=1,u=1,s=1,t=1, so
2+1+1+1+1 = 6 tokens. Every word can only be predu®nce but can
subsequently be used for as many extensions abl@oss
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Option 3: Passing

c) In case you are not able to produce nor to extegdwerd, you can pass the turn
to the next player.

3. License phasel[P treatments only]

Your activity: Setting a license fee

After producing a word you have to set a licensevidaich other players are required to pay
when creating extensions. The fee must be set bat@end 100 percent of the value of the
word.

Intellectual Property Choice

Please set now the royalty for the word created

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Submit

If another player extends your word, he automdtidednsfers the fee to you.

- 0 percent means that the word is entirely freeotber players.

- At 100 percent, the next player only receives thlee of his added letter.

- The choice of 20 percent means that the respegliyer has to pay 20 percent of the
value of the word to you.

The license fee for a word remains fixed duringe¢h&re game. The word appears on the list
of public words on the main board and can be ugesvbryone. However, other players have
to pay the license fee when extending the word.

Furthermore, you will have to set a license fegoifi extend a word with one letter. In this
case, you decide on the fee only for your addedrletour payoff results from the sum of the
value of all letters minus the license fee forwwed you built on.

After that, your turn ends and it is the next pt&/eurn. The game is played for 25 periods.
Finally, for clarification, some payoff-examplegaffered:

Examples for potential payoffs for | P treatments]:

Example 1:If player 1 sets a license fee of 90 percenttierword ‘ast’ (value of the word 3
tokens: a =1, s =1, t = 1) and player 2 extehdsword into hast’ (value of h = 2), this
results in the following payoffs:

Player 1: 90 percent of 3 tokens = 2.7 tokenseffise fee for player 1)

Player 2: 3 — 2.7 tokens (to player 1) + 2 tokendlie letter ‘h* = 0.3 tokens + 2 tokens = 2.3
tokens

Example 2: If player 1 sets the license fee of 0 percentdst’, player 2 receives the sum of
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the value of all letters for extending it intoa'st’:
Player 1: 0 percent of 3 tokens = 0 token
Player 2: 100 percent of 5 tokens = 5 tokens

Example 3: After extending a word, the player has to setcanse fee for the added letter.
Player 1 sets a license fee of 10 percent fordast’player 2 sets a license fee of 50 percent
for the letter ‘h’ in hast’. If player 3 then extends ‘hast’ into tist’, this results in the
following payoffs:

Player 1: 10 percent of 3 tokens = 0.3 (licensddeplayer 1)

Player 2: 50 percent of 2 tokens = 1 (license éeglayer 2)

Player 3: 6 tokens for ,haust’ — 0.3 tokens (toyptal) — 1 token (to player 2) = 4.7 tokens

Examples for potential payoffs for no-1P treatments:

Example 1: Player 1 produces the word ‘ast’. The values eflétters are a = 1 token, s =1
token, t = 1 token. Therefore, he gets 1 + 1 +3ltekens for his word.

Example 2: If player 2 extends ‘ast’ intdhast’, he will get 5 tokens, as all values of lettef
the word (h = 2 tokens, a = 1 token, s = 1 tokenlttoken) will be added: 2 +1+1+1=5
tokens.

Appendix C — Instructions for the control task

Note: The instructions for the word task were sh@nrscreen.

In the next screen you will see a string compodéilietters.

You will be asked to create as many German wordsoasible using these letters within 3
minutes.

You can type the words you create in the field b&méhe string of 9 letters, and you submit
them by hitting Enter.

You can use each letter only once per word andrd wannot be shorter than 3 letters.
Longer words generate more points.

3-letter-word: 3 + 2 + 1 = 6 points

4-letter-word: 4+ 3 + 2 + 1 = 10 points

etc.

After the 3 minutes will have expired, the testlwihd and you will be shown your results.

As soon as you enter the next screen, the timéstailt ticking.

To go to the next screen, please press the |Btten'your keyboard.
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