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Abstract

If actors want to reach a particular goal, theyiarmany situations better off by forming collabiiva relations and
invest together rather than investing separatelythis paper we study the coordination and coojmerairoblems
that hinder successful collaboration in such situst (which we label the production of a ‘networ&od with
complementarities’). Using a game-theoretic modet, were able to predict the outcomes in a commedri
experiment in continuous time remarkably well. Figroups of subjects nearly always create a ps@vgtable
network configuration, i.e., they end up eithethia empty or the full network. As the costs of fargilinks increase
groups succeed less often in coordinating on thienttwork, which can yield higher payoffs than teepty
network. Second, given the created network strectsmbjects invest mostly according to their Nasitegy. This
implies a suboptimal amount of network good proiugtbecause if linked subjects cooperate by irwgsnore
than in their Nash strategy, everybody can be beifé If cooperation is successful, this is mostty the
experimental condition in which subjects can manitow much their partners invest. Finally, we wabde to gain
some insight in the individual level mechanismsernhdng these outcomes. We find that groups coingjsif more
foresighted subjects are better able to solve tlvedination and cooperation problems. Moreoverjestib learn to
deal with the problems better as they gain expeéeiihese results provide stimulating leads fothiur research

into the mechanisms at the individual level.
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complements



1. Introduction

In this paper we study situations where actors lwokorm relations with others to produce —
what we label — a network good with complemensitiA “network good” can be seen as a
special form of a collective good. A classic cdiiee good is characterized by non-excludability:
the contributions of one benefit the whole coltetyi (Olson, 1971; Taylor, 1987). However, for
a network good, non-excludability only takes plaaleng social or geographical lines (cf.
Bramoullé & Kranton, 2007). In other words, the wdoutions of one actor only benefit the
actors that are linked to this actor (that are is ¢&r hernetwork. A network good with
complementaritiebas the characteristic that the investments sigbbd made by actors become
worth more when they are linked to others who aisest (cf. Ballester et al., 2006). Therefore,
joining forces brings more benefits than each itimgsseparately.

We can think, for example, of innovation effortsdevelop environmentally friendlier cars.
One car company often does not have the capadityegpertise to innovate on all aspects on its
own. Building up all this know-how by itself woutmbst a lot of time and money. Therefore, the
car company may choose to develop a more efficargine with another car company
specialized in engines. Furthermore, they coulthbolkate with a company that has expertise in
the use of light materials such as aluminum. F@pecified money and time budget, the car
company can reach a lot more by building upon th@edge of others. By the same token, the
investments of the specialized car company andlin@inum company become worth more by
teaming up with the car company because chanceas@eased that the developed product will
be bought and put to use. In the automotive ingiuas well as in other industries, we see a lot of
such collaborations (Goyal & Moraga-Gonzalez, 2@ienstein, 2006; PE, 2001).

Although all actors are typically better off by kalorating in the production of a network
good with complementarities, it is certainly nolf-svident that actors will succeed in doing so.
There are coordination problems involved in creatihe network of collaborative relations.
Moreover, free-rider effects are likely to preveadtors from reaching the socially optimal
investment level once relations are establishedthis paper we look under what conditions
actors are better able to solve such problems uystg the influence of the costs of forming
relations and the availability of information abaher actors. To recapitulate, we are interested
in situations where actors simultaneously choogsk whom they want to form relations as well



as how much they want to invest in a related ndiwgwod with complementarities. Firms

creating Research & Development (R&D) alliancesus main example for these situations, but
we can also think, e.g., of scientists looking tlaborate with researchers interdisciplinary,
countries forming pacts to develop uniform rules #aws, or persons with an eccentric hobby

searching for others to share their interests with.

Coordination problems and link costs

Forming and maintaining a link with another act®rcostly. Therefore, for each link, a pair of

actors has to decide whether the benefits of cotkting outweigh the costs. The problem may
arise that the benefits of a network structure adhale outweigh its costs for all actors, but that
the creation of each link individually (i.e., whea other links of the structure are formed yet) do
not outweigh the costs of that link. We can expthis as following. The complementarity of the

network good makes that the optimal investmentllef@ctors increases when they have a link
with another actor. The more an actor invests,nloee benefits it brings to link to this actor.

Thus, the more links an actor has, the more heimittst and the more beneficial it becomes to
link to this actor. Therefore it may occur thatkimg to an actor without other links is not

profitable, but linking to an actor who does hateeo links is.

In terms of our example, a collaboration betweenddr and aluminum company may not be
beneficial for the car company because the optimakstment level in know-how of the
aluminum company is not high enough. The aluminamgmany can increase its know-how by
starting a collaborative relation with a technicEpartment of a university. However, this
relation may only be beneficial for both if themniovative efforts have a good chance of seeing
the production line, which would be the case if tlaminum company has a collaborative
relation with the car company. Concluding, bothetation between the car company and the
aluminum company as well as between the aluminumpamy and the university department are
inefficient in their own right, but they would b#ieient if both were formed.

If link costs are very low, there are no coordioatiproblems because any link that is
established will be profitable in itself. Howevenore complex structures are needed before
collaboration becomes worthwhile for higher levefslink costs. It is therefore an interesting

guestion what network configurations actors chatexgending on the level of link costs.



* What is the effect of link costs on the network fogurations that actors are likely to

coordinate on?

A network configuration consists of two dimensiottse network structure and the investment
levels of the actors in this structure. We will ntiey potential candidates by first analyzing

which network configurations are pairwise stable.sécond set of potential candidates are
socially efficient network configurations. As we IWwargue next, pairwise stable and socially

efficient configurations are not likely to coincide

Cooperation problems and information availabilityaut others
In the production of a network good with complenaeities, we can expect incentives for each to
free-ride on the investments of their partnersrevent a network of actors to reach the socially
optimal investment level. To illustrate, considee Prisoner’'s Dilemma structure that the car and
aluminum company face. The aluminum company camc@d of their R&D budget on the
innovation of the car, or spend part on an innevatof another application. The large
investments would pay off if the car is sold wethich depends on how much the car company
invests in other aspects of the car such as theesff engine and marketing the car. However,
the car company may reason that given the largesinvents of the aluminum company they can
already pitch the car as environmentally friendigtead of putting their resources in developing
an efficient engine, they prefer therefore to deped more powerful engine. This way they may
sell fewer environmentally friendly cars, but tlises not weigh off against introducing a new
sports car as well. If the aluminum company onlgrgjs part of their R&D budget on the car, the
amount of cars sold would not be enough to makestments in an efficient engine profitable.
So also in this case the car company does bettelebgloping the powerful engine rather than
developing the efficient engine. We can come ughwiimilar arguments why the aluminum
company is also always inclined to spend only patheir budget on the car. This way, if both
companies follow their material interests, thewdrbecome hardly innovative and will sell bad.
If both cooperate by making high investments theyuly produce a great product and make
higher profits than when both make only partialesiments.

If both companies can monitor the progress of therowell, such cooperation problems are

reduced to some extent. If one company slants ttsvanderinvesting, the other can credibly



threat to lower investment as well, or stop theatmlration altogether. However, it is often
problematic in collaborations for one company te Bew many resources the other is investing
exactly. This makes opportunistic behavior moreaative and cooperation less likely to emerge.
Therefore, we expect that actors reach the soaigliynal level of investments less often if they
cannot observe others’ investments. We may alsoderowhether actors have more trouble
forming collaborative relations at all because extannot signal to one another that they are
profitable partners. In other words:

* Does the amount of information actors have aboatinkiestments made by other actors
influence
- which network structure actors coordinate on?

- the level of cooperation reached in network gooidk somplementarities?

In order to answer these questions we develop @&dheoretical model where actors’ returns to
their investments are the sum of an individual congmt and a collaborative component. The
returns to individual investments are concave while collaborative component is a
multiplicative function of one’s own investmentsdathe sum of his neighbors investments (cf.
Ballester et al., 2006). Two actors both pay limsts if they agree to become neighbors (link
costs are constant across all relations). The Ihgsets derived from our model are tested by the
means of a computerized experiment in real-timechEparticipant was able to invest in a
network good with complementarities and to simudtausly propose links to other participants.

We contribute to at least two branches of litemtd#irst, many have been concerned with
the problematic production of collective goods (atiter goods with externalities) (Olson, 1971,
Hardin, 1982; Taylor, 1987; Heckathorn, 1996) am@articular the role that social relations play
(Coleman, 1990; Gould, 1993; Marwell & Oliver, 199dache, 1996; Chwe, 1999). Second,
there is a growing body of literature that aimsxlaining how networks are formed (Jackson &
Wolinsky, 1996; Bala & Goyal, 2000) and in partemuhow network formation co-evolves with
individual behavior (Jackson & Watts, 2002; Sniglet al., 2007).

Most literature on network goods assumes that #éteark is a given. Bramoullé & Kranton
(2007) develop a game-theoretical model for thedpcton of network goods with

substitutability in a static context, while Balleset al. (2006) develop a model that allows for



both substitutability as well as complementaritgr nany situations it is realistic to take the
network as exogenous, since relations indeed cataéeing for other reasons than producing a
particular network good together. However, in thaagions we are interested in (such as firms
creating R&D alliances), actors do purposively teetheir links and the network is essentially
endogenous.

Most literature that assumes the network to cosavalith individual behavior does not look
at the production of network goods. Several dynanatwork studies focus on other forms of
coordination problems (see, e.g., Jackson & W&@)2; Goyal & Vega-Redondo, 2005;
Buskens et al., 2008; Corten & Buskens, 2009) auperation problems (see, e.g., Ule, 2005;
Takacs & Janky, 2007; Eqguiluz et al., 2005). Nehadgss, there are two studies who do analyze
the production of a network good in a dynamic cent€irst, Galeotti & Goyal (2009) take a
quite similar approach as we do here in buildirg rtiodel, but they look at network goods that
are characterized by substitutability. For the piigbn of these goods, they predict that star-
networks will form with investors in the center aactors on the periphery who pay for access to
these investments by linking up. The dynamics feretwork good with complementarites are
expected to be very different. Second, a workingepdy Cabrales et al. (2007) comes close to
what we are doing here in the sense that theylatdoat the production of network goods with
complementarities in an endogenous network conkéoivever, they assume that actors choose a
level of resources that they devote to socialiratiogeneral, but do not choose with whom they
socialize. Cabrales et al. (2007) argue that thisealistic for larger networks such as scientists
who attend congresses: they go to listen to and atker researchers in general. Moreover, they
argue that this shortcuts the severe coordinatimblem that arise when two actors have to
consent on a link, because this often causes gtongisplay a multiplicity of Nash equilibria.
We are interested in exactly studying these coatdin problems — the conditions under which
(relatively small) groups are better able to learee equilibrium and coordinate individual
actions such that they together reach anotheribguih in which everybody is better off.

A significant advantage of our study is that weually test our model. With the exception of
a great body of experimental literature, many ssidin collective goods as well as on network
formation remain on the (game-)theoretical levelgéneral, testing game-theoretical models is

essential to prove their worth, and for our modelparticular since we encounter multiple



candidates as outcomes of our game. It is in pagnapirical question which of these outcomes,

if any, is observed most likely and under whichditians if the game is actually being played.

2. Theory

First, we present our model formally and commenito®ur model is based on Ballester et al.
(2006), who study investments in a network goochvabmplementarities for an exogenously
given network. By adding opportunities to create aever links as well as link costs to their
model we can analyze situations where the netwark lze expected to co-evolve with the
investments made. Galeotti & Goyal (2009) tookrailsir approach by developing a ‘dynamic’
version of the ‘static’ model of network goods wéhbstitutes by Bramoullé & Kranton (2007).
Our notation also follows closely Galeotti & Goy@009). Second, we give the reader an
intuition of the dynamics in our model by discugsour experimental case as an example typical
for all cases. Third, we predict for three differégvels of link costs which network structures are
likely outcomes based on a pairwise stability ceucélso, we hypothesize which factors
facilitate solving the coordination problems (ileaving one stable state for another stable state
in which everybody is better off). Finally, we diss the cooperation problems involved in the
production of the network good and the expecteldi@nice of, amongst others, the availability of

information about other actors.

2.1 The model

Let N = {1, 2,...,n} be the set of actors and lesindj be typical members of this set. Each actor
i selects an investment leve] € X = [0,00) and expresses also with which other actors he
would like to form links, which is denoted by thewr vectorh; € H; = {(hy, ..., hin): h;j €
{0,1} for each j € N}. If actori would like to be linked tg we haveh;; = 1, and if actori does
not want to be linked tpwe haveh;; = 0. Note that cannot link with himselfr;; = 0).

We say that actorsandj have a link if and only if;; = h;; - hj; = 1. The absence of a link
betweeni andj is thus denoted by;; = h;; - hj; = 0. In other words, it is necessary and

sufficient that bothi andj want a link to establish the link. We assume bH@sause the type of



relations we are interested in here, such as anifdions between firms in R&D or pacts between
nations, need the consent of both parties almoskelfipition. The relations an actbhas can be
represented by the row vectgy = (g;1, ..., 9in). The set of the vectors of relations for all
actors constitutes the x n matrix of the network of relationg = (g3, ..., g»). Sinceg;; = 1 if
and only ifg;; = 1, this matrix is symmetric and the network is aditected graph. Lelf be the
set of all possible directed matrichsof desired links of sizes and G the set of all possible
undirected networkg of sizen. Note that above we then defined a relatpf — G with
g(h) = g (where each undirected netwglcan be the result of more than one different déect
networkh, but eacth has exactly ong associated with it). We will usg as shorthand fqg (h)
throughout the rest of this paper, but be awarth@ftelation. If we consider a particular network
g, let theng_;; (g.+4) be the same network but with the link betweéeand; deleted (added).
Define N;(g) = {j € N: g;; = 1} as the set of actors with whoirhas formed a link. Let then
ni(g) = IN;(g)| = gi - 1 be the degree of actér In regular networks each actor has the same
degree);(grey) = n (Which becomes — 1 for the full network).

Actor i can choose from the set of stratedigs- X X H;. DefineS = §; X ... X S, as the set
of strategies of all actors. A strategy profle= (x, h) € S specifies the investment level of each
actor,x = (x4, ..., x,,), and the set of links that each actor desikes, (hq, ..., h,,). The payoffs

of actori under strategy profile = (x, h) are then given by
n
1 2
I;(s) = ax; — Eﬁxi + AZ(gijxixj) —cni(g), (1)
j=1

with « > 0 andd?I1;/d%x; = B > 0, meaning thafl; is strictly concave in own investment. In
other words, an actor faces decreasing marginatneto the individual part of his investments.
This ensures that the optimal individual investriemel and payoffs are finite. We set the cross-
derivativesazrli/azxixj = 1> 0, indicating that ifi andj have a link their investments are
strategic complements: an increasg'minvestment increases the optimal investmentllef/é.
How large this increase is depends on the sizé. dVith each link that makes to another
investing actor his own investments become morefi@al. In other words, by adding a link an

actor receives a ‘complementarity bonus’ to hisestments with the size of times the



investment of the newly created neighbor. We csalglthatl offsets the decelerating effect ®f

to some extent. Il would become too large, it would even prevail g®eand actors could form

a tie and invest infinitely to earn infinite paysffBallester et al. (2006) therefore require that
B > A(n — 1), which is sufficient if actors invest accordingtteeir Nash strategy, i.e., if given
the network actors’ investments are best respobsethe investments of others. However,
benefits can still go to infinity if we consideretipossibility that actors cooperate and invest more
than their Nash strategy. Therefore, we limit olwese to § > 2A(n — 1), which implies that
there is a finite upper bound ®h whatever the network is and whatever actors invésgally,

the costs of forming and maintaining a link areegivbyc > 0. In our experiment we look at

networks consisting of four actors, with= 48, 8 = 16,4 = 2, whilec is varied.

2.2 Remarks on simplifying assumptions

We assume that actors are homogeneous with refspdet benefits they receive from investing
and making links, as well as with respect to thetsof forming links. In real life actors differ,
e.g., in their efficiency of investing. As a congeqce, actors want to make links not only to
actors who invest a lot but who also invest effitig Letting actors be heterogeneous introduces
many interesting dynamics. However, such dynamicgdcseriously confound the effects of link
costs — the subject of interest here. In orderswlaie the effect of link costs we assume
homogeneous actors.

We assume that, other things being equal, eachi@adli link gives the same extra benefits
to one’s investments. However, we can expect threba link brings less extra benefits than the
previous link. For example, it is likely that a cpamy will see some overlap in the know-how
that it accesses in a first strategic partner wWitt in a second strategic partner. Depending en th
situation at hand, the simplifying assumption ofigtant marginal complementary benefits may
be more or less realistic. In particular, with dacus on small groups the assumption is less
problematic.

In our model each additional link has the samescastiched. One could argue, e.g., that
links become more costly the more links an actet Rar instance, monitoring one collaborative
relation is relatively manageable for a company,leeping track of ten such relations requires a
complete different organizational structure. Sim@estudy small groups of actors, we argue that



assuming constant marginal link costs is reasonalitgeover, as we will see, the increase in

marginal link costs has to be very large in ordechtange the predicted outcomes.

2.3 Investments and payoffs for a given network strcture

For our model, Ballester et al. (2006) show thiaen the network structureach actor’'s Nash
equilibrium investment is proportional to his Bortdccentrality (in Nash equilibrium all actors
choose an investment level that is a best replthéoinvestment levels chosen by the others
(Binmore, 2007)). The Bonacich centrality is a natwcentrality measure that counts for each
actor the total number of all possible paths thatt st this actor, with the possibility of givirsg
lower weight to longer paths (Bonacich, 1987). Bmmacich centrality of an actor thus increases
when a link is added by or to someone with whomabtir is connected to by a path of any
length. The measure reflects the feedback effeittsnathe network: how much an actor invests
does not only depend on the investments of hishbeig, but also on the investments of their
neighbors, which in turn depends on the investmehtiseir neighbors, and so on. Here, paths of
lengthk are discounted b§/B)*: the larger the ratid/f the more interdependent the network
is and the more beneficial it becomes to collal@r@glculating the Bonacich centrality measure
by hand is a tedious task. Fortunately, for regon&tworks where each actor has degrees can

check (see Appendix A.1) that the Nash equilibrinestmentc* of every actor is

a
Yreg = F o0 (2)

We can calculate how much each actor earns inibguih in regular networks by imputing (2)
into (1) to obtain:

12
* * 2
Hreg(xreglhreg) = (,3 — 77/1)2 —a
10{2’8
:'8_22”/1_'_7]212_677 3)




Ballester et al. (2006) predict that actors will geeir investment level according to their Nash
strategy if the network is exogenously given. Aligb the Nash equilibrium is an obvious
solution concept, it ignores the possibility of pecation by actors. Actors may cooperate by
investing according to the socially optimal investih strategy instead of their Nash strategy,
which is attractive if it makes nobody worse off.iwhen it is Pareto efficient. The social
optimum for a given structure is reached when gatboose investment levels such that the sum
of all actors’ payoffs (i.e. social welfare) is hast. If the social optimum does not coincide with
the Nash equilibrium, at least one actor must @aore in the social optimum than in the Nash
equilibrium. In regular network this means that rgbedy earns more because by symmetry
everybody must invest and earn the same. In otlwedsy the social optimum is also Pareto
efficient in regular networks (in irregular netwastkuctures it is possible that at least one astor
worse off in the social optimum than in the Nashikgrium). We can check (see Appendix A.2)

that in regular networks the socially optimal invesntxs° is

a
Xreg = 5=l (4)

and by imputing (4) into (1) that each actor thams

1.2

La
II7eg (x“rqgg|hrey) =2

g—ama )

2.3.1 Investments and payoffs: an example

We calculated all Nash equilibria and socially ol investments for the parameter
configuration and network size as used in our erpEnt (@ = 48,5 = 16,1 = 2,n = 4). To get
a better feeling for the dynamics in our model, present in Table 1 the results of these
calculations for the regular networks and the glanwhich are illustrative for our model in
general.

If we ignore link costsq = 0), we see that investments and payoffs grow inanghswith
the degree of the regular network (both in Nasteltas in social optimum). This ‘explosion’ of

the benefits of making a collaborative relationhmgrowingn means that actors are best off
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Table 1: Investments and payoffs for selected &iras — the experimental case as example

Benefits

a = 48,8 = 16, | | Payoffs
Investments| without link
A=2n=4 costs ¢=10 ¢=30 ¢=>50
Networks Nash SO| Nash SONash SO Nash SO| Nash SO
L L ]
m=0)]|3 3| 72 72| 72 72| 72 72| 72 72
L L ]
I I n=1)| 343 4| 9404 96| 84.04 86| 64.04 66| 44.04 46
° Isolate | 3 3 72 72| 72 72| 72 72| 72 72
IL Triangle| 4 ~ 6|12¢6 144|108 124/ 68 84|28 44
I:I =24 6|12¢ 144|108 124/ 68 84| 28 44
m (n=3)|4.8 12| 184.32 288|154.32 258 | 9432 198| 34.32 138

[ = Pairwise Stable

either in the empty network or in the full netwodepending on the costs of making a link.
Namely, if the benefits of having links are highlean the corresponding link costs in a regular
network structure of degree> 0, due to increasing marginal benefits the payoffsinie even

higher in the regular structure of degre¢ 1. By an inductive argument the full network must
then have the highest payoffs. If actors fail t@merate and invest according to their Nash
strategy, one can check in Table 1 that the fullvoek gives the highest payoffs as long as link
costs are lower th&m84.32 — 72)/3 = 37.44. The empty network yields the highest payoffs

when link costs are higher th&d.44. If actors do cooperate, the full network is mprefitable

O = Socially Efficien

than the empty network as long as link costs ametdhan(288 — 72)/3 = 72.
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2.4 The dynamic context

Let us now leave the context where actors onlytest investment level in an exogenously given
network structure, and turn to the context when®racadditionally decide themselves which
links to create. The first context may be seen askmame of the latter, which is the complete
game as defined in 82.1. However, if we refer ttomscinvesting according to their Nash
strategy, we mean their Nash strategy for the sukgas discussed in the previous section, not
their Nash strategy in our complete game (which ldv@also involve proposing and deleting
links), unless stated otherwise. To identify likedlytcomes of our game under different cost
conditions (see first research question), we &isstume that actors always adapt their investment
levels according to their Nash strategy after angkan the network structure (in the next section
we will worry about the possibility of actors coogng by investing more than in Nash). It
should not matter which network a group of actoesated or which cost condition they are in.
We test how realistic this assumption is.

H1. Groups of actors are more likely to invest N#sn invest according to another
strategy
a. This does not differ for the network structure ttiegty created

b. This does not differ between the cost conditiory tare in.

2.4.1 Pairwise stability

To hypothesize which network structures are likeljcomes of our game, candidates should
satisfy some stability criterion. To identify whictetworks are stable, we use the definition of
pairwise stability (Jackson & Wolinsky, 1996) tltaintains a value function of the network that

is based on the assumption that actors instantaheadapt investments in correspondence to the
Nash investments of the new structure.

*

Definition. Let x* be the Nash investments given netwgrlkand letx”;;

respectively’ ; be the
Nash investments given the new netwgk;; respectivelyg, ;. A strategy profiles = (x*, g) is

pairwise stablef and only if for alli,j € N:

12



() ;(x*, g) = I; (%%, g-i5),
(i) if T; (x5 45, g4i5) > T (2%, @), thenIL (x4, g44) < T (27, ).

This definition says that a network is pairwisebtgaif — given that the rest of the structure
remains the same — (i) no actor wants to deletelinkybecause his payoffs are at least as high
in the structure with the link as in the structwiéhout the link), and if (i) no pair of actors wa

to form a link (because at least one actor recdowgsr payoffs in the structure with the link than
in the structure without the link). All network dogurations that are pairwise stable for our
experimental case are the dark-shaded configusaiiorTable 1. A stability concept based on
pairwise interaction is useful because it acknogésdthat the consent of both actors is needed
for a link to be formed, as opposed to, e.g., aephbased on Nash equilibrium. Therefore, the
pairwise stability concept is on one hand muchctrithan the Nash equilibrium concept (be
aware: this time in the sense of the complete gakm)example, in the low cost condition the
empty network with everybody investing 3 is notrpage stable (each pair would create a link)
but it is Nash stable (no actor can add a link bigself given that the strategies of the others
remain the same). On the other hand, the pairnoseept is less strict than the Nash concept
because in the Nash concept actors can delete thare one link. For example, in the

intermediate cost condition the triangle is paievgsable but not a Nash equilibrium.

2.4 Coordination problems and link costs

We illustrate, again with our experimental case, ¢bordination problems that may arise when
actors try to reach the most profitable networketbgr. Still assuming that actors invest
according to their Nash strategy and do not codperae saw that actors are best off if they
create the full network as long as link costs rentalow the threshold (here:< 37.44). The

full network cannot be created at once, but pairsaaors successively need to create the
necessary links and adapt their investments. Weded a low cost conditiorc (= 10) where
this is unproblematic as a baseline: because thefibe of creating a link always outweigh the
costs, the incentives within each pairwise inteogicare such that we expect actors to create all
links and thus automatically end up in the fullwetk. We could also say, in the low cost

13



condition only the full network is pairwise stalftee dark shaded box in Table 1), which leads to

the following prediction.

H2. In the low cost conditiorc(= 10), actors are more likely to coordinate on the full

network than on any other network structures.

However, not for all cost levels below the threshiblis unproblematic to coordinate the steps
that need to be taken by pairs of actors suchtheafull network is created. The problem may
arise that within a pairwise interaction at leas¢ @f the actors becomes worse off by creating a
necessary link. For example, the dyad is inevitdhéyfirst step in creating the full network, but
if ¢ = 30 both actors earn maximally 66 in this structurelavimvesting separately yields them
maximally 72 (see Table 1). Therefore, if actorg fa see the bigger picture and are only
concerned with their short-term payoffs that carebmed within the pairwise interaction, they
will not create the link and stay in the empty natkv In other words, the empty network is
pairwise stable. However, also the full networkpeirwise stable because each actor would
become worse off by deleting an existing link (etor would then earn 78.0 in the new
structure — not in Table 1). Moreover, the triangepairwise stable: an actor in the triangle
would become worse off by deleting a link (earnsl67 not in Table 1), while the isolate would
not become better off by creating a link (earn8 Anot in Table 1).

We see that for the intermediate cost conditiois itess straightforward to predict which
network configuration actors will coordinate on cgnthere are three candidates. We do not
expect actors to coordinate on the triangle becaases earn less than in the empty network (see
Table 1), and actors can independently delete tveilinks (put otherwise: as pointed out above,
the triangle is not a Nash equilibrium in the coetplgame). This leaves the empty and the full
network as remaining candidates, of which therelwork yields all actors higher payoffs. If we
really belief that no actor can calculate costs bedefits beyond the effects of the creation or
deletion of a single link, we would predict that@as never get out of the empty network. We do
not really belief this. On the contrary, we expdwt many actors realize that the full network
yields the highest payoffs. However, the problerth& if there is only one actor in a group who
does not look further than the pairwise interactio® consequences for the rest of the group are

considerable. The remaining three actors can awiédb at most in the form of the triangle, but
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they are wise to break off all ties since in thartgle they are worse off than in the empty
network. In other words, one nearsighted actor d@aluse a whole group to end up in the empty
network. We therefore expect that groups of actolissometimes succeed and sometimes fail in

solving the coordination problems.

H3. In the intermediate cost conditian= 30), actors are more likely to coordinate on

the empty network or on the full network than ohestnetwork structures.

We would thus expect that if a group consists ¢bracwho are able to look ahead further than
the pairwise interaction and who can anticipatel wel what the others will do, this group is

more likely to solve the coordination problems. ustcall such actors ‘foresighted’.

H3a. In the intermediate cost condition, the fudtwork will be reached more often
relative to the empty network when the group obextis more foresighted on

average.

Actors can gain more insight in the situation otiere through several learning mechanisms
(Selten, 1993), which makes solving the coordimagmwoblems more likely (Camerer et al.,

2002). In our experiment, subjects play the inteliae cost condition for multiple rounds.

Subjects are likely to gain more insight (certainbt less) as they play more rounds.

H3b. In the intermediate cost condition, the foditwork will be reached more often

relative to the empty network the more rounds éagqal.

Moreover, half of the subjects play the intermesliabst condition after they played the low
condition (low-to-high ordering) and the other hafter they played the high cost condition
(high-to-low ordering). By first playing the low sbcondition, subjects are likely to gain insight
in the benefits of collaborating in the full networ
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H3c. In the intermediate cost condition, the fulitwmork will be reached more often
relative to the empty network in the low-to-higldering as compared to the high-

to-low ordering.

Actors who are themselves less foresighted, can feam and imitate those that understand the
problem situation better (Camerer et al., 2002)eWactors can see how much others invest, it is
easier to learn from each other than when actonsotidnave this information. Moreover, actors

can attract others to link to them by increasingirthnvestments as a signal that they are

interesting partners.

H3d. In the intermediate cost condition, the foditwork will be reached more often
relative to the empty network when actors havermftdion about the investments

of others than when they do not have this infororati

In the high cost condition, collaboration standeva chance of succeeding. Even if all actors are
able to look ahead further than the pairwise imtgwas the full network is not pairwise stable,
only the empty network is. In order for collabooatito be profitable, actors would need to
overcome an extra problem, namely the cooperatioblem to which we will turn in the next

section.

H4. In the high cost conditiorc & 50), actors are more likely to coordinate on the

empty network than any other network structure.

2.6 Cooperation problems and information availabilty

Linked actors face a Prisoner's Dilemma (PD) strectin setting their investments, where
investing according to their Nash strategy is ‘défg’ and investing according to their socially
optimal strategy is ‘cooperating’. In a one-shot &rybody has a dominant strategy to defect,
which makes the predictions by Ballester et al. 0§0 that everybody invests Nash
understandable. However, the situations we aregesited in most likely consist of repeated

interactions: a R&D joint venture, for example,as ongoing relation in which the level of
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investment by the partners can be altered duriagtilaboration. Moreover, it is often unknown
when the joint venture will exactly end. Also, tbempanies may want to work with each other
on other projects in the future again. Together,cagld argue, this makes the interactions as if
they are infinitely repeated. It has been argued strown that cooperation can form a stable
equilibrium in infinitely iterated PD encountersraligh conditional strategies (Taylor, 1987;
Raub & Weesie, 1990; Putnam, 1993). An actor capemte conditionally on the actions of
others: he contributes at the current and/or futume points if and only if the other actor(s)
contributed at the previous time point. An actoryreaen decide to sever a relation altogether if a
neighbor is caught free-riding (Ule, 2005). In aupdel this is often not a credible threat,
because in many cases an actor becomes worserdélfiby excluding a free-rider. However, it
has been shown that actors punish even if thistitotes a material loss for them, the argument
being that punishment also brings ‘emotional gaiegj., because of a human disposition to fair
outcomes (Fehr & Gachter, 2002).

To make ones strategy conditional upon the stratdgyne others, one must see what the
strategy of the others is. With perfect informatiamailability, if a neighbor lowers his
investments, an actor can immediately react by lalsering his investments or severing the tie
with this neighbor. The threat alone will preventaéional actor from defecting if the gains of
mutual cooperation in the future are larger thanghort-term gains of free-riding in the present
(Raub & Weesie, 1990). However, in collaboratiomshsas joint ventures it is often unclear how
many resources exactly a partner is devoting toctmmon project. Since such information is
imperfectly available an increase or decrease \adstments by a partner will not necessarily be
detected. The threat of provoking a partner to aefeone defects himself is not as imminent
anymore and an equilibrium of cooperation throughnditional strategies becomes less

sustainable. This leads to the following prediction

H5. The level of cooperation will be higher wharbjects have information about the
investments of others than when they do not hagariformation.

Our arguments for this prediction are so far basethe assumption that all actors are perfectly

rational and expect others to be so as well. Letayg consider again — as we did in discussing

the coordination problems above — the more refemetimption that some actors understand the
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problem situation they are in better than othersltéf, 1993). Some actors may be simply
unaware of the possibility of cooperation. For eplamin the full network if everybody invests
Nash, the increase in investments by one actosleadignificantly lower earnings for this actor,
which may trigger a nearsighted actor to concludé this is necessarily a wrong move (Macy,
1991). In other words, actors must really haveitiseght that increasing investment above Nash
can make them better off. One way to gain thiggimsfor unaware actors is learning from actors
who are aware (Camerer et al., 2002). If a neastijactor sees everyone around him investing
and earning more than in Nash, he may come to stahet the incentive structure or simply start
imitating the others. Learning by nearsighted acfoym foresighted actors is only possible if the
information about others’ investments and earniisgavailable. Therefore, also if we do not
assume that all actors are perfectly foresighted gbtors do learn) we come to the prediction of
H5. Moreover, we test whether groups consistingnagrage of more foresighted subjects indeed

cooperate more often.

H6. The level of cooperation will be higher wheme tgroup of actors is more

foresighted on average.

We expect subjects to gain more insight the motmds they play, for example because the
opportunities to learn from others are likely torease.

H7. The level of cooperation will be higher themmoounds are played.

Finally, if actors start out in the condition whehey have information, they can use the insight
they are likely to gain in these rounds subsequentthe more difficult context where they do
not information anymore. Starting in the no infotima condition will not give much of a

headstart in the information condition.
H8. The level of cooperation will be higher if gps start with having information

about others’ investments followed by having nooinfation as compared to

starting with no information followed by informatio
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3. Experimental Design

3.1 Data Collection

In total 12 experimental sessions were conductedeoember 2008 at the ELSE laboratory of
the Utrecht University. A total of 1420 subjectsrfr a self-selected database were invited to
participate in a study called “Investing in netwsitkusing the Online Recruitment System for
Economic Experiments (ORSEE) (Greiner, 2004). Tiveye told that earnings would be around
€16, but that exact earnings depended on theirawinothers’ decisions. A total of 238 subjects
signed up, of which 212 actually participated ireani the sessions. However, during one of the
sessions there was a network crash. The 12 sulgedisipating in this session were not able to
finish playing all rounds and neither to fill ineghguestionnaire at the end. Nevertheless, the
rounds that they did play will be used in the ase$y The other sessions consisted either of 16
subjects (in 5 sessions) or 20 subjects (in 6 @BskiSince the experimental game requires exact
groups of four, some subjects showed up but weteabte to participate. The majority of
subjects were students at Utrecht University fromide range of disciplines and nationalities,
although non-students also participated. The gad 0 subjects that completed the experiment
was between 17 and 39 years old (with a mean ag#.@j, for 67.5% female and 77.0% Dutch.

3.2 Procedure

Upon entering the computer laboratory subjects warglomly assigned to a cubicle. After a
short oral introduction (mentioning practicaliti¢bg subjects received printed instructions in the
language of their choice (English or Dutch). Thiest¢ructions explained to the subjects that they
could ask questions at any time and that 150 paintee experiment equaled a €1 pay. Above
all, the instructions explained how the game wasa@layed and how the choices of subjects in
the game influenced their earnings (see AppendiarBhe English instructions and Appendix C
for the Dutch instructions). Once finished readitg instructions, subjects chose on their
computer screen to play in English or in Dutch, eskhmeant the start of the actual game (for a
description see the next section).

After playing the game there was an additiondt tas “Beauty Contest” (Nagel, 1999) — in

which subjects were asked to enter a number bet@eerd 100. They were told that the person
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entering the number closesthalf of the average of all numbers entered would wis tlontest

and receive an additional €5. The “Beauty Contests included to measure how far actors look
ahead and how far they expect others to look aléadlly, subjects were asked to complete a
standard questionnaire covering background infdonaand social preferences (the latter not
used in this research) after which they receivesr tnonetary earnings. This whole procedure
lasted around 1.75 hours and earnings resulting fslaying all rounds of the game ranged from
€11.50 to €20, with mean earnings being €17.1% (#xicludes the additional earnings of the
“Beauty Contest” winner). The 12 subjects that dad complete the experiment were paid the

expected average of €16 each.

3.3 Description of the computerized game

The model as presented in 82.1 was operationalizedcomputerized game for four actors and
with @ = 48,8 = 16,1 = 2 using the z-Tree software (Fischbacher, 2007). gdree consisted
of 6 different scenarios: in a scenario one of &hdéink cost conditions = 10, 30,50) is
combined with one of the 2 information conditionsfdrmation available about others’
investments and payoffs, no such information ab&la(see Table 2). The order in which the
subjects played the 6 scenarios differed betwessi@es. In total there were 4 different orderings
each presented in 3 sessions (see Table 2). Eanharge consisted of 5 rounds: 1 trial round to
gain experience with the scenario and 4 rounds #catally mattered for a person’s final
earnings. In total the subjects thus played 6 = 30 rounds of which 24 rounds earned the
subjects money.

Subjects were randomly drawn with three other subjato a group of four at the start of
each round. Each subject in a group was depictedcxle on the screen (see Figure 1). Each
subject saw him or herself as a blue circle, wiikeothers in the group appeared as black circles.
The instructions stated that at the beginning wéwa round subjects were randomly shuffled into
new groups. Therefore, actors knew that the permswere playing with in one round were
very likely to be different from those they wereayihg with in another. During the entire
experiment actors were not allowed to talk withreather.

Since points were converted to actual money, stdbpe expected to have a real incentive

to try to earn as many points as possible. How npaoigts a subject earned in a round only
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Table 2: The six scenarios and four orderings ehados that subjects faced

Scenario Number

Ordering Conditions 1 2 3 4 5 6

Link costs,

1 ) 10,yes 30,yes 50,yes 10,no 30, no 50, no
Information
Link costs,

2 ) 50,yes 30,yes 10,yes 50, no 30, no 10, no
Information
Link costs,

3 ] 10, no 30, no 50, no 10,yes 30,yes 50, yes
Information
Link costs,

4 ] 50, no 30, no 10, no 50,yes 30,yes 10, yes
Information

depended on the situation as it was at the enlgabirbund. Actors knew that each round ended at
a random and unknown moment between 90-120 seatelsthe start of that round. Actors’
earnings depended on their own investment level,nimber of neighbors they had and how
much their neighbors invested, and how high linktsavere in that particular scenario.

Subjects could set their investment level in stajpehole numbers by clicking the ‘invest
more’ and ‘invest less’ buttons on their screere (Bgure 1). The instructions contained a table
which presented how many points were earned fontdbers from 0 to 14 when a subject did
not have any links and invested individually. Thgeastments of a subject became worth more
when linked to another in the group who also ineésin addition to the individual earnings a
bonus of 2x own investment levek neighbor’s investment level was received. At thgibning
of a new scenario it was stated how much link cestse. The individual earnings from
investing, the joint earnings from being linkedawother investor and the associated link costs
together formed the total earnings. In each ciorle could see the entire round how much that
subject invested at that moment and how much pthigssubject would earn in total if the round
would finish at that moment. Also, circles increése size when more points were about to be

earned. The exceptions were the three no informat@narios, in which the circles of the other
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Figure 1: Screen shot of the computerized game

ROUND 1

The number of points that you receive in this situation is: 86

The amount that you now invest is: 3

‘ Invest less ” Invest more |

subjects were completely black and the circlesndidchange in size. In these scenarios, a subject
only saw this information for own investments aadnéngs.

A subject could propose a link to another subjgctlicking on the circle of this subject: a
one-sided arrow would appear to show the desirafiomk. A link would be established if the
other also clicked on the circle of the proposingjsct: the arrow then changed into a thick
double-headed arrow. Proposals for links did nob ea cost anything, only fully established
links affected earnings. Links and proposals fokdi could be removed at any time by clicking
on the circle of the other again. Since earnindg depended on the final situation, subjects were

only ‘charged’ for the links they were involvedwhen a round ended.

3.4 Specifics of the experimental design

We made several choices in the design of our coanizetd game that deserve further attention.
First of all, many experiments have a simultanemose discrete time design, whereas our
subjects were able to make their choices in coatisuime. In the former, subjects decide, e.g.,

at the same moment on their strategy, then thdtsesiuthese choices are made known to them,
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and then they get another opportunity to simultasBochoose their strategy, and so on. In a
continuous time design actors can change theiteglyaat any given moment, as often as they
want and not necessarily at the same moment as ath@rs. The advantage is that subjects do
not need to infer what others are going to do abkescase when subjects have to move at the
same time. When players have to move in rounds, ymamay change their strategy
simultaneously, which makes reaching any stabldigamation difficult (Berninghaus et al.,
2008). In continuous time each choice of a subgainmediately common knowledge for the
whole group, so subjects always know what theyeaeting to. Moreover, since the effect of an
action is updated immediately, a subject can prbmm@voke an action if it turns out to be
unsatisfactory. Together with the facilitation @nsling signals to group members, subjects thus
have more possibilities to coordinate individuati@ts (Berninghaus et al., 2006). A final
advantage is that this design is more true totyeal the situations we attempt to model actors
can take their decisions in continuous time as.well

Second, although virtual earnings are updatedntigtahe actual payoffs are not calculated
in continuous time but only at the end of the rauhgis makes that subjects can display a great
deal of costless trial-and-error in changing inestts and links. In real life it is of course not
possible to, e.g., build and break off links withany costs involved. Moreover, the coordination
problem as described in the theory section is reduio some extent. We argued here that in
some cases actors have to create networks in wieghare temporarily worse off in order to get
to networks in which they are much better off. br design, subjects are strictly speaking not
worse off in such intermediate networks since @hég/end situation matters. However, we regard
this simplification less problematic as it may seanfirst sight. Since subjects did not know the
exact ending of a round, there was the threat a@ingnup in an intermediate network
configuration in which a subject was worse off thiarthe empty network. We expected that the
threat of being worse off would already make faeal coordination problem. Indeed, observing
the behavior in our experiment shows that subjeotsrather sensitive to the changes in their
earnings (even though they are virtual) and thatg not necessarily easy to coordinate actions.

Third, another simplification we made is that tlwestment level can only be set at an
integer. Therefore, setting the investment leveéhatNash equilibrium as presented in the theory
section is not always possible. In most instankissl¢éads to merely quantitative differences. One

qualitative difference is the disappearance of(dmall) cooperation problem that theoretically
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exists in some of the sparser networks (dyad, 2 d¥atar, 3-star): due to the rounding the Nash
equilibrium investments and socially optimal invesnts coincide. Another consequence is that
some network structures display multiple Nash doua in investments, although theoretically
there is a unique equilibrium for each structure.

Finally, as argued, we regard our model represgetdbr situations involving relatively
small groups. We consider groups of four to be kmat large enough to yield sufficient

interesting dynamics.

4. Description experimental results

Table 3 shows the number of times that a groupubjests ended up in a particular network
structure in (the different conditions of) the exp®nt. We see that groups mostly create either
the empty or the full network, and not so muchdtteer possible structures in between. We may
conclude — in correspondence with the hypothesbst-actors are most likely to coordinate on
the full network in the low cost condition (H2), tme empty or the full in the intermediate cost
condition (H3), and on the empty network structurethe high cost condition (H4). These
patterns are so clear-cut that there is little dddelue in additional significance tests. The
estimation of parameters becomes even problematictly because the outcomes are so strict.
Thus, pairwise stability as defined is a stronglpter for at least the resulting network structure
Therefore, the focus of our analyses will be onirigsthe expected patterns in the data that are
less apparent.

Table 4 contains information about the observe@stwment profiles of the groups given the
network structure they created. Since the netwaorkictires between the empty and the full
network are observed so little, we decided to pskathem into a category ‘other. We
distinguish between groups where actors investrdoog to their Nash strategy, groups where
actors cooperate, and a rest category for all ettveistment profiles.

It is rather stringent to require that all four gdbs in a group invest exactly according to
their Nash strategy in order to classify the gragpNash’. It is not unreasonable to allow for the
possibility that subjects mean to invest Nash bakena small mistake (for example, because
they are caught out by the time). With this in minel also qualify a group &$ashif at most one
subject in the group deviates only one from thelNagestment.
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Table 3: Observed network structures in total agrdcpndition for all 24 paid rounds

c=10 c =30 c=750 All link costs

Network Info No Total Info No Total Info No Total Info No Total
Structure Info Info info Info
Empty .. O 0 0 46 49 95 195 192 387 241 241 482
Dyad [: O 0 0 9 12 21 10 13 23 19 25 44
2Dyad ] ] O 0 0 0O O 0 0 1 1 0 1
2-star [ . O 0 0 4 5 9 1 1 2 5 11
Line = O 0 0 0 1 1 0 1 1 0 2
Triangle o 1 0 1 5 7 12 1 3 4 7 10 17
3-star [ O 0 0 1 0 0O O 0 1

Square [] O 0 0 0O O 0 0 O 0 0 0
Stem X 4 3 7 8 4 12 0O O 0 12 7 19
D-Box [7] 8 5 13 21 16 37 0O O 0 29 21 50
Full q 199 192 391 118 115 233 5 1 6 322 308 630
All 212 200 412 212 209 421 212 212 424 636 621 1257

We definecooperationto take place when at least two actors who ateetinnvest more
than in Nash and both benefit from investing maxe believe it is central to cooperation that
both actors become better off because they invese rihan their Nash strategy. Therefore we
exclude those cases where two linked actors invese than in Nash, but they are not both
better off (e.g., because at least one of themsisvi®o much, or they are linked to a third actor
who invests too little). Also, we exclude cases wehbe increase in payoffs of both actors is not
really because of their own increase in investminat,because, e.g., they are linked to a third

actor with an extremely high investment leVvel.

! Such a third actor ‘sponsors’ the pair of actorsagrificing his own payoffs. To exclude such casesrequire
that the social welfare of the two cooperating ectond all their neighbors must be at least as &sgivould be the

case if all those actors invested according ta tash strategy.
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Table 2: Observed investment profiles in total padcondition for all 24 paid rounds

c=10 c =30 c =150 All link costs
Network Info No Total Info No Total Info No Total Info No Total
Structure Info Info info Info
Welfare
Empty
rest 0 3 3 6 4 7 11 7 10 17
Nash 0O O 0 43 46 89 191 185 376 234 231 465
coop - - - - - - - - - - - -
all 0O O 0 46 49 95 195 192 387 241 241 482
Other
rest 6 14 10 11 21 6 11 17 24 28 52
Nash 2 5 26 33 59 5 8 13 34 43 77
coop 0 12 1 13 1 0 1 15 1 16
all 13 8 21 48 45 93 12 19 31 73 72 145
Full
rest 30 35 65 15 15 30 0 1 1 45 51 96
Nash 136 149 285 81 89 170 0O O 0 217 238 455
coop 333 8 41 22 11 33 5 0 5 60 19 79
all 199 192 391 118 115 233 5 1 6 322 308 630
All
rest 38 41 79 28 29 57 10 19 29 76 89 165
Nash 139 151 290 150 168 318 196 193 389 485 512 997
coop 35 8 43 34 12 46 6 O 6 75 20 95
all 212 200 412 212 209 421 212 212 424 636 621 1257

We see in Table 4 that — in line with H1 — groupsested extremely often Nash: in §%#
the 1257 cases (i.e., 79%). Especially in the emptywork many groups invest Nash (465, 96%

2 If we require all four actors to invest exactlcading to their Nash strategy we would have 78&&saWe also

performed our analyses using this strict definitibhis does not lead to qualitatively different clusions.
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of 482), followed by the full network (455, 72% 680), and the ‘other’ networks (77, 53% of
145). In the results section we test whether thi@éerences are a reason to reject the expectation
that it should not matter which network is creatdda).

Cooperation takes place on a moderate scale: dntintes out of 1257 cases (8%). We see
these cases as attempts to reach the socially alptmaestment levels. The exact socially
efficient network configuration (the full networkhere everybody invests 12) was realized by
just one group. Cooperation occurs by far mosha full network where the possible gains of
cooperation are also largest (79 times versus 1@ler networks). Conditional on the network
that was created, cooperation succeeds almostleqiin in the full network (13%) and in the
other networks (11%). Cooperation is theoreticalbt possible in the empty network and by
design (see 83.4) not in some of the ‘other’ nekwoGroups created 718 times a network in
which cooperation is possible. With the 95 sucedssdses, this means thus that groups were
able to materialize this potential 13% of the tirmeline with H5, cooperation was realized more
often in the information condition (75 times) thanthe no information condition (20 times). In
the results section we will analyze in more detdiich factors promote cooperation.

5. Analyses

5.1 Strategy

We test our hypotheses using the conditional logitel (CLM). This model is appropriate when

dealing with a dependent variable with nominal oate categories as we are (Scott Long, 1997).
In our case, the outcomes that a group of actarsrealize at the end of a round are, e.g., ‘the
empty network where everybody invests Nash’, oe ‘thll network where cooperation takes

place’. In the CLM characteristics of the outconaee used to predict the outcome that is
realized. The likelihood of one outcome is alwaysleated relative to another outcome, the
reference category. To test H1, for example, wé bether an outcome in which everybody

invests Nash is more likely to occur than outcorlearacterized by another investment profile.

The network structure is another example of a ataristic of the outcomes.

Formally, the predicted probability that outcomeof the/ outcomes is observed for tlié

observation can be written as:
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exp(bXim)
Z§=1 exp(bxi]-)

Pr(y; = m|x;) =

The predicted probability is a function of the kmepredictorsbx, where x represents an
independent variable of which the effect is equalath outcome categories, but its values differ
for each outcome. In our case these take the fdrdummies such as whether an outcome is
‘Nash’ or not, or consists of ‘the full network’ aot.

Group characteristics — such as which link cosddan the group is in, how many rounds
the actors in a group have played or how foresaytite group is on average — cannot directly be
used as predictors, since their values do notrdibiethe outcomes. However, we can still answer
guestions such as ‘do groups invest Nash equatBnah the different cost conditions?’ (see
H1b). For this end, we must interact the outcomaratteristic ‘Nash’ with the group
characteristic ‘cost condition’. This way we alldthe effect of Nash to differ for the different
cost conditions.

The CLM is often referred to as the discrete chaioedel, since it was developed in
economics to predict consumer choice between difteproducts (McFadden, 1973). Presenting
the CLM here as a discrete choice model would b&eading since the groups do not really
choose the outcomes, but the outcomes are thd tgdhle combination of choices made by the
individuals within the group. It would be more edeg and correct to include the individual level,
but since this is not simply done and we are istexkin this study mostly in group level factors
and outcomes we simplify by leaving out the indiadlevel.

The CLM assumes that observations are independdnth is likely to be violated in our
dataset. Our observations — the groups — are nestieth sessions: the groups within a session

may share characteristics that they do not shate tiwe groups in another session. A multilevel

% The CLM is mathematically equivalent to the mopenenon multinomial logit model (MNLM). In the MNLNMhe
effects of independent variables are allowed tfedifetween the outcome categories, whereas i@ltihé the
effects on the outcomes are constant but theiregadwe allowed to differ between outcomes. Intergéhdependent
variables that do not differ in values betweendhteomes with the outcome categories of the dependeiable is
equivalent to allowing the effects of independeaniables to differ between outcome categories dsarMNLM.

Therefore, the models we use are sometimes catiecdd models’ (Scott Long, 1997).
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model that controls for the dependencies betweesupg would be most appropriate.

Dependency between groups is most likely the resfuthe fact that groups within a session are
randomly formed out of the same set of individualghin a session the same individuals appear
in multiple observations. However, modeling sucpeatelencies between groups correctly is far

from trivial and outside the scope of this stddy.

5.1.1 Dependent and independent variables

In principle, our outcome set could consist of stHategy profiles (i.e., all possible network
structures multiplied by all possible investmentfipes). However, we collapse some of these
different outcomes into one category quite simikg we did in the description of the
experimental results. First, we test H1-H1b usirsgtaof six outcomes: (the empty network with
a Nash investment profile; empty with an investmaofile other than Nash; full Nash; full non-
Nash; other Nash; other non-Nash). Second, weH@std with the same six outcome categories.
Finally, we test H5-8 using three outcome categol{dash, cooperation, rest). The first set was
tailored to test hypotheses mostly concerned vghrntetwork structure of the outcomes, and the
second set to test hypotheses focusing on cooperati

As a measure of how foresighted subjects are, wlehkb at how well actors performed in the
Beauty Contest (see 83.2). The subjects were raakedrding to how close they got to the
winning number, with the winner ranked 1, the secolosest ranked 2, and so forth. This score
was divided by the total number of contestantss Hives a score roughly between 0 and 1. We
subtracted this score from 1 to assure that higheres mean more foresighted subjects. The
average score of the four group members was takeict{ ranged from .088 to .828 with a mean
of .473). We coded ‘the number of rounds playedstart at O — rather than 1 — so that the first
round forms the reference category.

* Clustering the observations by sessions is anatie¢hod, which assumes that the sessions are indepeand not
the observations within. We were able to use ctirggdfor our smaller models. The standard erropsclly
increase, but we would not come to qualitativef§edént conclusions for these models. Model idédtfon
becomes problematic for the larger models becaesenly have 12 clusters (the method is most apfatepwhen
one has many small clusters). Therefore we prebennodels without clustering, but the smaller ni@deéth

clustering give an indication that not controllifog dependency of observations is not very harfafubur results.
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5.2 Results

As predicted in H1, groups are — given the netwatricture they created — much more likely to
invest according to their Nash strategy than dleopossible strategies togethler51.344, S.E.

= .070, p<.001; model not shown here). We expettitatithe type of network that was created
would not be related to whether a group investshNassomething else (H1a). However, as we

see in model 1 in Table 5, Nash investment is Baamtly lower in the full network (see

Table 5: Conditional logit. Nash investments fdfatient network structures (model 1) and cost ciomié
(model 3)

Model Model 2 Model 3
b  (SE) p b (SE) p b (SE) p
Nash 3.309 .247 .000 3.309 247 .000 3.785 .381 .000
Full 2.332 .254 .000 2.961 275 .000 3.357 .398 .000
Other 1.386 .271 .000 2.566 .293 .000 2.951 .384 .000
Nash<Full -2.353 .262 .000 -2.353 .262 .000 -2.738 .395 .000
Nash<Other -3.185 .298 .000 -3.185 .298 .000 -3.519 .370 .000
Fullxc10 17.962 629.6 .977 18.524 848.6 .983
Otherxc10 15956 629.6 .980 16.495 848.6 .984
Fullxc50 -5.064 429 .000 -5.228 445 .000
Otherxc50 -2.503 237 .000 -2.772 .294 .000
Nash«c10 -.137 173 431
Nash«c50 -.567 .332 .088
N 1257 1257 1257
Log Likelihood -1756 -1191 -1189
Chiz 991.73 2123.17 2126.53
Df 5 9 11

®Reference: non-Nash, empty network
®Reference: non-Nash investment profiles, empty ogtyintermediate link costs & 30)
LR test statistic for h: b= 0.
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Nash<Full) as well as in other networks (see NaSkher) than in the empty network. In turn, in
other networks, Nash investment is significantlywéo than in the full networkb(= -3.185 — -
2.353 =-.831, S.E. =.189, p<.001). In the empatwork subjects can optimize their investment
level independent of what the others do. Therefitres understandable that subjects succeed
more often in setting their optimal investment leire the empty network than in all other
networks, where subjects have to coordinate thatioras with those of the others. Moreover, in
the full and some of the other networks there exist possibility to cooperate: subjects may thus
purposively try to coordinate their actions awaynfrthe Nash equilibrium.

If we want to test whether the occurrence of Nastestment differs per cost condition, we
have to control for the fact that the type of nakgocreated is unequally likely for the cost
conditions and that the likelihood of Nash investinm turn differs for the type of network.
These controls in model 2 uphold our earlier comdition of H2-H4 based on the descriptive
results: the higher the link costs the less oftgmaup creates the full network compared to the
empty network (see FuWlt10, Fulke50). Since the empty network was not even creaee in
the low cost condition, the model has difficultytiesting the standard errors (see kallO,
Otherxc10). In accordance with H1b, we see in model 8 tiere are no compelling reasons to
believe that the Nash investment occurs more offtehe low cost condition (see Nagi10) and
the high cost condition (see Nagi®b0) than in the intermediate cost condition. Mesrpwe do
not find that the model with the Nash investmefffiedentiated for the cost conditions (model 3)
fits better than the model where the Nash investnemssumed to be equally likely for the
different cost conditions (model 2) (LR chi2(2) £26.53 — 2123.17 = 3.36, p(2-sided) = .187).

5.2.1 Solving the coordination problem

In this section we test possible explanations (HBawhy some groups would solve the
coordination problems in the intermediate cost @wo (i.e., create the full network) and others
do not (i.e., create the empty network). In Tablevé see that overall the full network is
significantly more often created by groups than #mepty network in the intermediate cost
condition (see Full in model 4). However, if we duaulv foresighted the groups on average are,
the number of rounds played, the ordering of castdidions, and whether information about

others’ was available, we see that we can refiredbnclusion. Groups that are not foresighted
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Table 6: Conditional logit. Effects on solving tbeordination problem ia = 30

Model 4 Model 5
b (S.E.) p b (SE) p

Full .879 .123 .000 -1.521 .544 .005
Other -114 .146 .451 -1.579 .635 .013
FullxForesight(0-1) 2.236 .984 .023
Other<Foresight(0-1) 2.1911.159 .059
FullxRound(0-7) .301 .060 .000
OtherxRound(0-7) .057 .070 .416
FullxLow/High .678 .262 .010
Other<Low/High 510 .307 .097
FullxInfo .051 .261 .845
OtherxInfo 109 .306 .721
N 400 400
Log Likelihood -673 -649
Chiz 86.73 134.46
Df 2 10

®Reference: empty network
P Reference: empty network, average foresight ='®ptind, high/low ordering, no information
° LR test statistic for §i: b = 0.

at all and play their first round in the high teM@rdering while they have no information, create
the full network less often than the empty netw(a&e Full in model 5). In line with H3a, the
more foresighted the subjects in a group are onagee the better able they are to reach the full
network together (see FulForesight). We also find that groups create thé riatwork more
often when they have played more rounds (seexRolind). This supports the idea that as
subjects gain experience with the coordination @b they are better able to solve it (H3b).
Moreover, we find evidence for the expectation (H8@mt groups who are in the low to high

ordering more often reach the full network (seel>Hww/High). We do not find convincing
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evidence for the expectation (H3d) that having rimfation about the investments that others

make increases the ability of groups to solve tiwdination problem (see Fulhfo).

Table 7: Conditional logit. Effects on solving tbeoperation problems.

Model 6 Model 7

b (SE) p b (SE) p
Cooperation -1.904 .160.000 -4.762 .653.000
Rest -1.740 .149.000 -1.382 .391.000
Cooperationcl0 027 .229.907 -.007 .237.978
Reskc10 433 .197.028 420 .198.034
Cooperationc50 -2.221 .441.000 -2.317 .446.000
Reskc50 -1.041 .261.000 -1.038 .262.000
CooperationInfo 1.471 .288.000
ReskInfo -.078 .182.668
CooperationForesight(0-1) 1.846 .847.029
ReskForesight(0-1) 148 .678.828
CooperatiornRound(0-23) .072 .020.000
ReskRound(0-23) -.035 .013.008
CooperationInfo/No Info .230 .278.408
RestkInfo/No Info -.028 .182.877
N 1200 1200
Log Likelihood -730 -697
Chizs 1175.75 1242.43
Df 6 14

#Reference: Nash investment profile, intermediatk tiosts ¢ = 30)

®Reference: Nash investment profile, intermediatk tiosts ¢ = 30), no information, average
foresight = 0, 1 round, no info/info ordering

° LR test statistic for §i: b = 0.
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5.2.2 Solving the cooperation problems

In this section we test which factors promote coapen (H5-H8). In Table 7 we see that in all
cost conditions cooperation is less often succesisén investing Nash (see model 6). For the
low cost condition and the intermediate cost caodithe level of cooperation is comparable (see
Cooperatiorc10), but it is much lower in the high cost coraliti(see Cooperatic50; also
apparent in descriptive Table 4). Additionally, see that all other investment profiles also occur
less often than the Nash investment profile (sest,Restcl10, Restc50).

We find support for the idea (H5) that cooperai®more easily achieved when actors have
information about what the others in their groupest and earn than when actors cannot directly
monitor others’ investing behavior (see Cooperatlofo in model 7). We also find support for
the notion that the amount of insight the subjétta group have influences the success rate of
cooperation. First of all, groups consisting of jsals who are more foresighted on average are
better able to solve the cooperation problems tfame (H6; see CooperatioRoresight).
Secondly, as subjects have played more roundsrttoeg often succeed to cooperate (H7; see
CooperatiornRound). Additionally, the occurrence of investm@mbfiles other than Nash or
cooperation decreases as more rounds are playedRéskRound). In other words, as subjects
gain experience we are better able to predict teavior. Finally, however, it does not seem to
matter whether groups first face the informationdibon and then the no information condition
instead of the other way around (see Cooperatidn/No Info). This contradicts our expectation
(H8) that subjects can effectively use their gaireegberiences under the more facilitative
circumstances (information condition) subsequemtithe more difficult setting (no information
condition). It seems that cooperating in the nonmfation condition is simply too difficult, no
matter whether subjects had the chance to gain saperience first.

6. Conclusion and Discussion

The puzzle why and how people form and sever owlafi why they sometimes come to
successful collaboration and why they sometimels fiis occupied many ever since Hobbes
(Coleman, 1990). In this paper we looked at a srpedte of this puzzle by studying the
coordination and cooperation problems that hinadgora in successfully creating collaborative
relations to jointly produce — what we have labelea network good with complementarities. As
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opposed to everybody investing individually, altas benefit by forming relations and adjusting
investment levels upwards because a network gottdasimplementarities has the characteristic
that investments become worth more when an invastdinked to others who also invest.

However, coordination problems may restrain a grofiactors from successfully creating the
structure of collaborative relations, while coopiera problems may lead to underinvestment,
both resulting in suboptimal production of the goMile used a game-theoretical model to
analyze which network structures and investmengltegroups of actors are likely to choose
depending on the level of the link costs and tliermation availability about the investments of
others. We tested these predictions using a compedeexperiment in continuous time.

Regarding the structure, we found — in support of expectations based on a pairwise
stability concept — that subjects either createdeimpty or the full network (and not so much any
intermediate structures). Also as expected, thédnighe link costs the more often the empty
network and the less often the full network wasted. Since there are no coordination problems
to be solved in the low link cost condition, growgsiost always created the full network. In the
intermediate cost condition, groups sometimes sbtkie coordination problems and reached the
full network, and sometimes they did not resuliimghe empty network. Because in the high cost
condition the full network only becomes more pmalfie than the empty network when the
cooperation problems are solved in addition todberdination problems, this proved to be too
difficult for almost all groups.

In order to solve the coordination problems, actoeed to look ahead far enough and
anticipate well on the actions of the others inrtigeoup. Indeed we found that if subjects in a
group were on average more foresighted in the alsmrese, they solved the coordination
problems more often. The bright side of this firgdils that actors could then learn and gain
insight in the coordination problems they face. eéeed, we found that groups solved the
coordination problems more frequently if they ply®ore rounds or started in the low cost
condition (making them familiar with the benefit§ aollaboration) instead of the high cost
condition. It does not seem to be the case thatdewation is facilitated if actors can see how
much others invest. This last finding would be eipdd if creating the structure of relations is
the primal problem in coordinating actions, and sminuch the adjustment of investments given

the creation of new relations.
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Regarding investments, we found in accordance pidictions of Ballester et al. (2006)
that groups of actors mostly — almost 80% of theeti- invested according to their Nash strategy
given the network structure they created. This rmehat an actor’'s Bonacich centrality is a good
predictor for how much he will invest (Ballester @t, 2006). It also implies an enormous
suboptimal production of the network good, for lif actors would collaborate and invest more
than in Nash everybody would be better off. In experiment, groups of subjects had great
trouble in solving this cooperation problem.

However, the prospects for overcoming this socildnima are not equally unfavorable
under all conditions. If subjects had informatiomoat how much the others in their group
invested, cooperation was much more often sucdetisgin without this information. This is
understandable from the argument that in repeatiedactions actors can cooperate conditional
on the actions of others (Taylor, 1987; Raub & Viee$990): making one’s own strategy
conditional on those of the others is extremely pamed when one has trouble monitoring the
behavior of the others. There may also be anotlemhanism at work: some actors may simply
not realize that they are underinvesting becausy thio not recognize the social dilemma
structure they are in. These actors can learn femm imitate those that are aware of the
possibilities of cooperation (Camerer et al., 20®2f of course only if information about others’
investments is available to them. In other wordmperation may fail both because of ‘egoism’
and because of unawareness of its potential. Bistsview was supported by our findings that
cooperation was more often successful when subjects group were more foresighted on
average as well as when they played more rounds.

We additionally found that the level of cooperatismas much higher in the low and
intermediate cost condition than in the high castdition. We can explain this as follows. For
successful cooperation, actors do not only havedeease investments together, they also have
to create a structure in which cooperation is fmssiThe potential benefits of cooperation are
highest in the full network. In the low and intemiiege cost condition the full network is already
more profitable than the empty network when evedybimvests Nash. Therefore, it is safe for
subjects to first create the full network and invB&sh, and from there on try to increase
investments together. In the high cost conditioa fhll network cannot perform this role of

‘stepping stone’, because actors are better ofestimg alone if everybody invests Nash.
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Therefore, in the high cost condition some subjesiteady break off the relations before
cooperation can start to develop.

What do these findings mean for the companies mrdroduction who want to develop an
environmentally friendly car? The good news is tlatlong as the costs of starting Research &
Development (R&D) relations are not too high, ieses that the companies sooner or later are
likely to realize their common interest and createR&D platform. The bad news is that it may
be very difficult to reach the full potential of @stablished collaboration because of free-rider
problems. If the companies truly want an innovatpreduct, they are wise to design their
collaboration such that it is transparent how ma@spurces each is devoting to the joint venture.

We should be careful inferring implications sindeere are discrepancies between our
approach and reality, which may influence the itssiirst of all, in real life the car companies
would be able to communicate with each other wthike subjects in our experiment could not.
Since it seems that failure to solve the coordama&nd cooperation problems is partly due to
lack of insight on behalf of some of the subjectspnmunication between subjects could spread
insight quicker through the population. It would inéeresting to see what the effect is for the
level of network good production if the subjectsnc&.g., send other group members text
messages.

Second, in our model the benefits of collaborationrease rapidly with each new
collaborative partner. Therefore, the full netwaglextremely beneficial and often the predicted
and observed outcome. However, this does not nfesinve expect that, e.g., all car companies
in the automobile industry are best off if theywtirk together. On the contrary, we expect that
decreasing marginal returns to the number of cofiave partners puts in reality often a limit to
the optimal number of partners. Future researchidcéty to model decreasing marginal
complementary benefits. It is not so much the qoestvhich network structure is then predicted
or observed, because this is to a large extendliteet outcome of the model specification. The
relevant question is whether with a different speaiion of the benefit function the coordination
and cooperation problems occur to the same exseat, more importantly, whether the same
factors facilitate and inhibit solving these prabkas we found with our specification.

Third, besides the above suggestions for gathemavg data, there is still a lot to be learned
from the data of this study. As a starting point simplified by taking the group or network as

the unit of analyses, while the observed outcomesiraactuality of course the result of (the
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combination of) individual decisions. We found solaads for mechanisms that seem to be at
work at the individual level, although these fingnshould be interpreted with some caution as
we did not control for the dependency of our obatons. A next step would be taking the
individual as the unit of analyses and hypothesizglicitly the interdependency of actors and
how their decisions aggregate to solving or notviegl the coordination and cooperation
problems. For example, with respect to the coomergiroblems, by looking at the individual
decisions made in the experiment we could estabdishhat extent the mechanisms ‘conditional
cooperation’ and ‘learning/imitation’ are at workder the different conditions.

Notwithstanding the mentioned limitations, we befieve gained valuable insight for a small
piece of the puzzle why actors sometimes createesstul forms of relations, while at other
times such social structures are inefficient, brdakwn or never even start to develop. For the
specific context of producing a network good witmplementarities, we developed theory that
predicted the outcomes in an experimental settotghty well. In addition to the robust findings
regarding the macro-structural outcomes, we wete @bgain some insight on the individual
level mechanisms underlying these outcomes. Tlogighes us with a solid ground to build future

investigations into the mechanisms and conditionaare detail.
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Appendix A.1 (Nash investment in regular networks)

We wish to show that the Nash investmehbf each actor in a regular network equals

o = @)
Tres T —ni

Ballester et al. (2006) show that Nash investmehtsf actori given the networlg equals
«_ A
Xi =_bi (grﬁ)l (Za)

whereb; is the Bonacich centrality of actérlt is sufficient to show that the Bonacich celitya
of an actor in a regular network equgls(f — nA), since imputing this intg2a) leads directly
to (2).

The Bonacich centrality of actércounts the total number of pathsgrthat start ai and

end atj, where paths of length are weighted byi/p)*:

D=0l

j=1k=0
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How can we count the total number of paths in aileegnetwork? In each network there is
always exactly one path of length O starting,atamely the path té himself. The number of
paths of length 1 starting aequals obviously the number of neighbors actoas (herey). We
can see a path of length 2 as two subsequent palbsgth 1. The first step of a path of length 2
starting ati can go ta neighbors. The second step of the path of lengi#n2n turn can go in as
many directions as the reached actor has neighiwbish is alsa; since everybody has the same
number of neighbors in a regular network. In otlwverds, the total possible number of paths of
length 2 starting at equals the number of paths of length 1 startingnaltiplied by the number
of paths of length 1 starting at oneidfis neighborsy x n = n%. We can extent this argument in

the same manner for paths of length 3, of lengémd,so forth. We thus get

b(oad) =10 Q) w0t () (G

S
S0 -

as we wanted (the next to last equation holdsras 4s > ni).

Appendix A.2 (Socially optimal investments in regudr networks)

We wish to show that the socially optimal investineff of each actor in a regular network

equals

a
Xreg = =2l (4)

For this purpose, we show that the socially optimaéstmentcs° for actori given networkg

equals

X = %bi (9.2). (4a)
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We can then derivé&4) from (4a) in the same manner as we deri¥&d from (2a) above.

To optimize individual payoff§l; each actof has to solvéIl;/dx; = 0, or

1
or; o (axi - gﬁxiz + 22871 (gixix) = C”i(g))

axi axi

= a—Bx; +/12(gijxj) - 0. (2b)
=1

From Ballester et al. (2006) we know th@b) solves for(2a). However, to reach social
optimum each actor has to take into account thairiestments have positive externalities for
his neighbors. Each actérmust optimize social welfare, i.e., the sum of adtors’ payoffs

(X}, 1), thus solve

axi B

1 N 1 N
<<ax1 - E,Bx% + AZ(.{hj’ﬁxj) - CTh(g)) + (“xz - Eﬁxzz + AZ(szxzxj) - CTIz(Q)) +oet

j=1 j=1

1 = 1 =
<6¥xi - EﬁxiZAZ(gijxixj) - CUi(Q)) + -+ <axn - Eﬁx% + AZ(gnjxnxj) - CUn(H)))/axl
=

j=1

n
= AG1ix1) + A(gaixz) + -+ a— px; + AZ(gijxj) + -+ A(Gnixn)

j=1
n n
=a—px + AZ(%;X;) + AZ(gjixi)
= =
n
= a—Bx; + ZAZ(gijxj) - 0. (4b)
=1

The last equality follows from the fact that = g;;. From the result of Ballester et al. (2006) we

know that(4b) solves for(4a) (by taking24 instead ofd in (2b)), as we wanted. The appeal of
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deriving (4) in this way lies in the additional general redhiat all results of Ballester et al.

(2006) related to Nash investments have their tigquaivalent for socially optimal investments.
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Appendix B.1 (English Instructions)

Experimental Laboratory for Sociology and Economics Universiteit Utrecht

- Instructions -

You are participating in a sociological experimdtiease read the following instructions
carefully. These instructions are equal for all fhegticipants. The instructions state
everything you need to know in order to participatehe experiment. If you have any
guestions, please raise your hand. One of the iexpeters will approach you in order
to answer your question.

You can earn money by means of earning points dutie experiment. The number of
points that you earn depends on your own choicdglam choices of other participants.
At the end of the experiment, the total number oints that you earn during the
experiment will be exchanged at an exchange rate of

150 points =1 Euro

The money you earn will be paid out in cash atethé of the experiment without other
participants being able to see how much you earRadher instructions on this will
follow in due time. During the experiment you aret mllowed to communicate with
other participants. Turn off your mobile phone gnd it in your bag. Also, you may
only use the functions on the screen that are sacgdo carry out the experiment.
Thank you very much.

- Overview of the experiment -

The experiment consists six scenariosEach scenario consists afie trial roundand
four paid roundgqaltogether 30 rounds of which 24 are relevantfarr earnings).

In all scenarios you will bgroupedwith three other randomly selected participanta in
group of four. At the beginning of each of the 8dinds, the groups and the positions
within the groups will be randomly changed. Therefahe participants that you are
grouped with in one round are very likely differgrarticipants from those you will be
grouped with in the next round. It will not be relexd with whom you were grouped at
any moment during or after the experiment.

The participants in your group will be shown agleis on the screen (see Figure 1). You
are displayed aslaue circle, while the other participants are displagsthlack circles.
Please be aware: your blue circle will not be atsame position in each round due to
the changing of groups and positions at the begaaof a new round.

Earning Points

You can earn points in a round imyesting By clicking on one of the two red buttons at
the bottom of the screen you increase or decreaseigvestment (see Figure 1). Also,
you will be able toconnectto other participants in your group during eachna All
participants that are connected to you will beezhifourneighborg(all the details about
how you can become neighbors with other particpagdan be found in the next
paragraph-orming Links of this instructions manual). Your investments péfymore
when you are connected to a participant who algesits. However, there are alsosts
attached to having a link with another participamu both pay some points for being
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neighbors. Therefore, the points you wékeive depend on your own investment,
many neighbors you have and how much your neighibbeest.How your earnings a
exactly calculated will be discussed at the enthe$e instructions, so you do megec
to worry about this yet.

At the end of each roungbu receive the amount of points that is shownhenscreen .
that moment in time. In other words, your finalréags only depend on the situatiol
the end of every round. The points you wiékteivecan be seen as thhep numberin
your circle (see Figure 1Y.our circle will be blue on the screen while théest circle:
will be black. Thebottomnumberin your circle indicates the amount ymvest These
numbers can also be found at the bottom of yousescrMoreover, thsize of your
circle changes with the points that you will receiveamyér circle means thgou will
receive more points. For half of the six scenayios will be able to see how muthe
others in your grougarn and how much they invest by looking at the Imensi in thei
black circles. For the other half of the scenagios do not have this information:
circles of others will be completely black and witit change in size (see Figure 2a-2c).

Each round lastbetween 90 and 120 second$e end will be at an unknown ¢
random moment in this time intervalherefore, different rounds will not last equ
long.

Figure 1: Explanation of the screen elements

ROUND 1

D « ' ©

e Click on the red

buttons to change
_ o your investments
The number of points that you receive in this situation is:

86
The amount that you now invest is: ‘?/ l

” Invest less \|| Invest more u|

Forming Links

As indicated above,ou will be able to connect to other participantsyour grou
during each round. Starting from an empty netwae(Figure 2a you can let oth
participants know that you want to create a limith them by clicking once on t
particular participant. A thirblue arrow from you to the other participant will appea
(see Figure 2b). The other participant can accept proposal for a linky clicking or
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TRIAL ROUND ‘

Figure 2a:

Starting situation at
the beginning of each
round

Figure 2b:

You proposed a link
to one of the other
participants

Figure 2c:

A link is established
between you and the
other participant

The number of points that you receive in this situation is:
The amount that you now invest is:

This is you

|

72
3

|

TRIAL ROUND

|

Click on other circle
to propose a link

o

The number of points that you receive in this situation is: 72
The amount that you now invest is: 3

TRIAL ROUND

|

The other participant
clicked on you as well
you are now neighbor$

I

@ -
i

You can remove the
link by clicking on the
other participant agai

o

a
L4

The number of points that you receive in this situation is: 80
The amount that you now invest is: 3
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you. If he does so, the thin blue arrow will chamgi® a thickblue arrow pointing in
both directions (see Figure 2c). You have now beromeighbors. If the other
participant does not accept the link, you may ckotws withdraw your request by
clicking again on the participant: the thin blueoar would then disappear.

Similarly, other participants can propose a link/éu by clicking on your circle. A thin
blue arrow from the other participant to you will appe®ou can accept the link by
clicking on the participant who wants to becomeghbbrs with you. If you do so, the
thin blue arrow will change into a thi¢kue arrow pointing in both directions. If you do
not want to become neighbors, you simply ignore tia blue arrow. The other
participant may withdraw the request for a linkeafa while by clicking on you again:
the thin blue arrow would then disappear.

Once you have become neighbors with another paatitj you can end this link at all
times by clicking on the particular participantgsiigure 2c). Similarly, one of your
neighbors may decide to end the link that you sbarelicking on you (there is nothing
you can do to prevent this).

In Figure 3 we summarize how all the possible situmg where you are involved in look
like on your screen. All (proposals for) links yate involved in will be blue on your
screen, while (proposals for) links you are not pawill be black.

Important Remarks:

* It may occur that there is a time-lag between ydigk and the changes of the
numbers on the screen because the computer nemdgiste to process your orders.
One click is enough to change a link or to changer ynvestment by one unit. A
subsequent click will not be effective before tihevious click is effectuated.

» Therefore wait until a link is changed/your investnent is adapted before
making further changes!

Figure 3: Link or no link? An overview of what you will encounter on your screen.

No link You Other
Both you plue circle) as well as the other participant
(black circle) do not show interest in the creation tihk 9 @

at this moment.

You propose dink to the other participant, showi that
you are interested in creating a link with him er.iThis ig
however not (yet) a mutual interest. You can wigwdr 9
your proposal by clicking on this participant arattime
The other participant proposes a link to you, mgkilear
to you that he or she wants to form a link with yyou

want to, you can establish a link with the othettipgoant 9
by clicking once on this participant.

Link present

You and another participant both have indicated tthey
want to have a link with each another. The linfoisned
and is shown asthick, blue colored, double-headed
arrow. You can both remove this link by clicking the
other participant.
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- Your earnings -

Now we explain in detail how the number of points that yearn dependsn the
investments you make and the links you have. Rieiadcarefully Do not worry if yol
find it difficult to grasp immediately. We also pent an example with calculation
below. Next to this, there is a trial round for leacenario to gain experience witaw
investments and links affect your earnings.

General idea in all scenarios
All scenarios are basically the same. In all sdesathepoints you receive at the enc
each round depend in a similar way on

e how much you invest
» how many neighbors you have
» how much your neighbors invest (if you have any)

There are two differences between the scenariosné®ioned already, in three ofeth
six scenarios you will be able to see how muchothers in your groupvest and ear
while in the other threscenarios you will not be able to see this. Thesothfferenc
will be the number of points that it costs you &vé a link. There will & three differer
cost levels (10, 30 or 50 points). You will faceleaost level twice: once instenari
with information about others’ investments and eaysand once in a scenario withi
this information (2 x 3 = 6 scenarios).

If you do not have any neighbors, you can see ohezenario in Table (see ne»
page)how many points each investment level earns yoes@&ltpoints are called yc
Individual Earnings(from investing).

If you do have one or more neighbors and you waiatculate your total earninggoL
have to add additional points to these Individigdsnings. However, you also have to
subtract some points for each link that you have.

How many points do you have to add for the joimtestments of you and yc
neighbor? In each scenario, thésint Earningsare equal to twicgour own investme
level times the investment level of your neighbor:

Joint Earnings = 2 x Own investment x Neighborigegtment

For example, if you invest 2 and your neighbor f&se investments lead to Joint
Earnings of 2 x 2 x 3 = 12 points for each of y@i.course, when you are in -
scenarios where the other circles are compldiksgk you cannot calculate this nurmr
yourself (but the computer still does this for yadpw much each link will costepend

on the scenario. Before the start of a new scengoo will get a message on y«
screen that tells you how much thiek Costsare for that scenario (10, 30 or 50 points).
This screen also tells you whether you will or witht be able to see how much
others in your group invest and earn. Please tesgbtmessages carefully.

As indicated before, each scenario starts withahround. At the top ofhe screen yc
can also see whether you are in a trial round atid round. Trial rounds aiadicatec
by “TRIAL ROUND” (see, for example, Figure 2a-c) #ehpayingrounds are indicatt
by “ROUND” (see, for example, Figure 4).
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To summarize, the total earnings as displayed on yoieen during the experiment
be calculated as following:

Total Earnings = Individual Earnings + Joint Earnings — Link Costs

* Individual Earnings:

Table 1: Individual Earnings from investing
nvestmeMlo| 1| 2| 3| 4| 5| g 7| 8| 9| 10| 11] 17 13 14

Individual | o | 46| 64 | 72| 64 | 40| 0 |-56|-128-216/-320-440-576-728 -896
Earnings

e Joint Earnings: 2 x Own investment x Neighbor's investment
» Link Costs: Differs per scenario

Example Scenario: calculating total earnings
Suppose the situation is as shown in Figure 4 tla@dlink Costs for this scenario are 1

points for each link that you havWe will now calculate the total earnings for yand
the person to your right hand. You could try toca#dte the total earnings for the ot

two participants yourself.

Figure 4: Example situation to calculate total earings

ROUND 1 ‘

The number of points that you receive in this situation is: 86
The amount that you now invest is: 3

| mvestless || investmore |

You have:
- investment level 3, which gives you Individual Bags of 72 (see Table 1);

- one link to someone with investment level 4, whidkes you Joint Earnings equal
to 2 x 3 x 4 = 24,
- Link Costs for one link are 1 x 10 = 10.

Together this leads to the following Total Earnifigsyou:

Total Earnings = Individual Earnings + Jdiarnings — Link Costs
86 = 72 + 24 - 10
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The person to your right has:
- investment level 4 which gives Individual Earnirgg64;
- one link to you with investment level 3, which givthis person Joint Earnings
equalto 2 x 4 x 3 = 24;
- one link to someone with investment level 4, wtigres this person Joint Earnings
equalto 2 x 4 x 4 = 32;
- Link Costs for two links are 2 x 10 = 20.

Together this leads to:
Total Earnings = Individual Earnings + Jd#arnings — Link Costs
100 = 64 + 28 - 20
- Questionnaire -
After the 30 rounds you will be askeddo one small additional task through which
can earn some money. We also asfilltin a questionnaire. Please take your timeilic

in this questionnaire accurately. In the mean tymer earnings will beounted. Plea:
remain seated until the payment has taken place.
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Appendix B.2 (Dutch Instructions)

Experimental Laboratory for Sociology and Economics : Universiteit Utrecht

- Instructies -

U neemt nu deel aan een sociologisch experiment. Neafstublieft de volgende instructies
aandachtig door. Deze instructies zijn hetzelfde \adlerdeelnemers. Hierin staat alles wat u
moet weten om deel te nemen aan het experiment. Indresgen hebt, steekt u uw hand op.
Er zal een experimentleider bij u komen om uw vradgeantwoorden.

U kunt geld verdienen tijdens dit experiment door Yetzamelen van punten. Het aantal
punten dat u verdient, hangt af van uw eigen keamesn de keuzes van andere deelnemers.
Het totaal aantal punten dat u verdient in het Brpmnt zal aan het einde van het experiment
omgewisseld worden tegen de wisselkoers van:

150 punten = 1 Euro

Aan het einde van het experiment krijgt u het giltiu verdiend hebt tijdens het experiment
contant uitbetaald zonder dat anderen kunnen zoevedel u verdiend hebt. Later volgen
hierover verdere instructies. Tijdens het experingritet niet toegestaan te communiceren
met andere deelnemers. Zet uw mobiele telefoon uieamlem op in uw tas. Tevens mag u
alleen de functies op het scherm activeren die nogig wor het uitvoeren van het
experiment. Hartelijk dank.

- Overzicht van het experiment -

Het experiment bestaat uies scenario's EIk scenario bestaat op zijn beurt @én
proefrondeenvier betaalde rondeébij elkaar dus 30 rondes waarvan er 24 relevgntvoior
uw verdiensten).

In alle scenario’s wordt u in egmoepvan vier geplaatst met drie andere willekeurig gekoz
deelnemers. Aan het begin van elk van de 30 rondeden de groepen en de posities binnen
de groepen willekeurig veranderd. De deelnemersmearu in de ene ronde in een groep
zit, zijn daarom zeer waarschijnlijk andere deelnsndan diegene waarmee u in de volgende
ronde in een groep zit. Tijdens of na het experimzahhet niet bekend worden gemaakt met
wie u in een groep gezeten hebt.

De deelnemers in uw groep worden als cirkels weergegepéet scherm (zie Figuur 1). U
wordt zelf weergegeven met edilauwe cirkel, terwijl de andere deelnemers worden
weergegeven algwarte cirkels. Let op: uw blauwe cirkel zal zich niet @tke ronde op
dezelfde positie bevinden als gevolg van het venmmdean de groepen en posities aan het
begin van een nieuwe ronde.

Punten Verdienen

U kunt punten verdienen in elke ronde doomigesterenDoor op één van de rode knoppen
onderaan uw scherm te klikken, kunt u uw investeringgtagen of verhogen (zie Figuur 1).
Bovendien kunt u in elke rondeerbindingen makemet één of meer andere deelnemers in
uw groep. Alle deelnemers waar u mee verbonden katén uwburenworden genoemd
(hoe u precies buren kunt worden met andere deelsemadr uitgelegd worden in de
volgende paragraaferbindingen Makenvan deze instructie handleiding). Uw investeringen
leveren meer punten op wanneer u een verbindingrhebeen deelnemer die ook investeert.
Echter, er zijn ookkostenverbonden aan het hebben van een verbinding metmrdere
deelnemer: u betaalt beide een aantal punten oentuan elkaar te zijn. Hoeveel punten u
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ontvangt aan het einde hangt daarom af van uw any&steringen, hoeveel buren u hebt
hoeveel deze buren investeren. De precieze maraarop uw punten worden berekenend,
wordt aan het einde van deze instructie handleiditgelegd, dus u hoefiich hierover no
niet druk te maken.

Aan het einde van elke rondatvangt u het aantal punten dat op dat momentebgdherr
wordt weergegeverw uitbetaling hangt dus alleen af van de situatie het einde van el
ronde. Het aantal punten dat u zaittvangenis weergegeven als hbbvenste getah uw
cirkel (zie Figuur 1)Uw eigen cirkel zal blauw zijn op het scherm eraddere cirkels zwa
Het onderste getalin uw cirkel geeft weer hoeveel imvesteert Deze getallenstaal
bovendien ook onderaan uw scherm. Daarnaast vetahelgrootte van de cirkelmet he
aantal punten dat u zult krijgen: een grotere tibetekent dat u meer punten zvdrdiener
In de helft van de zes scenario’s kunt u zien hekde anderen in uw groegrdienen e
hoeveel ze investeren door naar de getallen inzwanrte cirkels te kijken. Voor de dere
helft van de scenario’s hebt u deze informatie: mietcirkels van anderemullen geheel zwe
zijn en niet van grootte veranderen (zie Figuul2n-

Elke ronde duurttussen de 90 en 120 secondéiet einde zal op een onbekend
willekeurig moment in dit tijdsinterval plaatsvindeVerschillende rondes zullen daok nie
even lang duren.

Figuur 1: Uitleg van de elementen op het scherm

RONDE 1

D « ' ©

=)

Klik op de rode knoppe
@ om uw investeringen te
veranderen

Het aantal punten dat u in deze situatie ontvangt, is: 86

De hoeveelheid die u nu investeert, is: 3

Verbindingen Maken

Zoals vermeld, heht in elke ronde de mogelijkheid om verbindingenmiaken met ande
deelnemers in uw groep. Startend vanuit een leggenle (zie Figuur 2a) kunt u kenb
maken met wie u een verbinding wilt door eenmaliy de desbetreffende deelneme
klikken. Er verschijnt dan een dunb&uwepijl van u naar deze deelnemer (zie Figuur
De andere deelnemer kan uw voorstel voor een wdirtgraccepteren door op u te klikken
dat geval zal de dunne eenzijdige blauwe pijl véeaen in een dikkblauwe pijl die beide
kanten uitwijst (zie Figuur 2c). U bent nu burennvalkaar geworden. Mocht de
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Figuur 2a:
Start situatie aan het
begin van elke ronde

Figuur 2b:

U hebt een verbinding
voorgesteld aan één van
de andere deelnemers

Figuur 2c:

Er is een verbinding tot
stand gekomen tussen u
en de andere deelnemer

PROEFRONDE

Dit bent u

Het aantal punten dat u in deze situatie ontvangt, is: 72
De hoeveelheid die u nu investeert, is: 3

PROEFRONDE

Klik op andere cirkeld
om een verbinding
voor te stellen

]

{

Het aantal punten dat u in deze situatie ontvangt, is:
De hoeveelheid die u nu investeert, is:

PROEFRONDE

De andere deelnemer

heeft ook op u geklikt:
u bent nu buren

l
» ©

@ -
i}

U kunt de verbinding
verbreken door
opnieuw op deze

deelnemer te klikke

Het aantal punten dat u in deze situatie ontvangt, is:

De hoeveelheid die u nu investeert, is:
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andere deelnemer uw voorstel voor een verbindiagatcepteren, dan zou u er voor kunnen
kiezen het verzoek weer in te trekken door opni@pvde desbetreffende deelnemer te
klikken: de dunne blauwe lijn zal dan verdwijnen.

Andere deelnemers kunnen op vergelijkbare wijze @k verbinding aan u voorstellen door
op uw cirkel te klikken. Er zal een dunfdauwe pijl van de andere deelnemer naar u
verschijnen. U kunt het voorstel voor een verbigdatcepteren door op de deelnemer te
klikken die buren met u wil worden. Als u inderdaam de andere deelnemer Klikt, zal de
dunne eenzijdige blauwe pijl veranderen in een elldauwe pijl die beide kanten uitwijst.
Als u geen buren wilt worden, negeert u simpelwegddinne blauwe pijl. De andere
deelnemer zou er voor kunnen kiezen om het voongel in te trekken door nogmaals op u
te klikken: de dunne blauwe pijl zal in dat gevaewverdwijnen.

Indien u buren bent geworden met een andere deemé&mt u deze verbinding te allen tijde
weer verbreken door op de betreffende deelnemdikieen (zie Figuur 2c). Evenzo kan een
van uw buren besluiten een verbinding die jullieolben weer te verbreken door op u te
klikken (er is niets dat u kunt doen om dit te \kaymen).

In Figuur 3 hebben we samengevat hoe alle mogdijketies waar u onderdeel van bent er
op uw scherm uitzien. Alle (voorstellen voor) verdingen waar u in betrokken bent zullen
blauw zijn op uw scherm, terwijl de (voorstellenovpverbindingen waar u geen deel van
uitmaakt zwart zullen zijn.

Belangrijke Opmerkingen:

0 Het kan gebeuren dat er een vertraging is tusseiklitwen de veranderingen van de
getallen op het scherm omdat de computer evenntidig heeft om uw opdracht te
verwerken. Eén klik is voldoende om een verbindgeranderen of uw investering met
één eenheid te veranderen. Een volgende klik zakffact hebben als de vorige Klik is
verwerkt.

[0 Wacht daarom totdat een verbinding is veranderd/uwinvestering is aangepast
voordat u nieuwe veranderingen gaat maken!

Figuur 3: Verbinding of geen verbinding? Een overzaiht van wat u op uw scherm ziet.

Geen verbinding U Ander
Zowel u plauwe cirkel) als een van de andere deelnemerg

(zwarte cirkel) toont op dit moment geen interesse in het e @
vormen van een verbinding.

U laat aan de andere deelnemer weten dat u geiséenrel
bent in een verbinding met hem of haar. Dit is ecfrog)

geen wederzijdse interesse. U kunt uw voorstel werrkken 9 ' : @
door nogmaals op deze deelnemer te klikken.

De andere deelnemer geeft aan een verbinding meetvillen.
Indien u wilt, kunt u een verbinding met deze degier 9 ¢ ‘ @
vormen door éénmalig op deze deelnemer te klikken.

Wel een verbinding

U en een andere deelnemer hebben beide te kengegeyer
een verbinding met elkaar te willen. De gevormddweling @ ¢ ’ ﬂ
komt als eemnlikke, blauw gekleurde tweezijdige pijl in beel

U kunt beide de verbinding weer verbreken door remjsmop
de andere deelnemer te klikken.
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- Uw verdiensten -

Nu leggen we uit te het aantal punten dat u verdient, afhangt vannwesteringen en uw
verbindingen. Lees dit zorgvuldig. Wees niet bedats u het niet meteen helemaal begrijpt
We zullen zodadelijk ook een rekenvoorbeeld laien.Daarnaast is er bij elk scenario
proefronde om ervaring te krijgen met hoe verbigdim en investeringen uw verdiegist
bepalen.

Algemene idee in alle scenaric
Alle scenario’s werken op vergelijkbare wijze. lfesscenario’s hangt het aantalnten dat
ontvangt aan het einde van een ronde op een shigggeanier af van:

* hoeveel u investeert
* hoeveel buren u hebt
« hoeveel uw buren investeren (als u buren hebt)

De scenario’s zullen op twee punten verschillenalZorermeld, zult un drie van de z¢
scenario’s kunnen zien hoeveel de anderen in uepgiovesteren en verdienderwijl u dit
in de andere drie scenario’s niet zult kunnen zi&st.andere verschil zal zijn ho@lguntel
het u zal kosten om een verbinding te hebberzulten drie verschillende kostenniveaus
(10, 30 of 50 punten). Elk kostenniveau »ake maal voorbij komen: één keer in

scenario met informatie over de investeringen edigasten van anderam één keer in e
scenario zonder deze informatie (2 x 3 = 6 scelsrio

Als u geen enkele buur hebt, kunt u vak scenario in Tabel 1 (zie volgende pac
aflezen hoeveel punten elk investeringsniveau evat. Deze punten noemen we
Individuele Verdienste (van investeren).

Als u wel een of meer buren hebt en u wilt uw ®tardiensten berekenen, dan moet u «
punten aan de Individuele Verdiensten toevoegemobt echter ook enkele punten dier
voor elke verbinding die u hebt.

Hoeveel punten moet u toevoegen voor de gecomliedntesteringen van u en uw bu
In elk scenario zijn dez&emeenschappelijke Verdienstgelijk aan tweemaal uw eige
investeringen vermenigvuldigd met de investeringam uw buur:

Gemeenschappelijke Verdiensten = 2 x Eigen invieste Investering buur

Dus als u bijvoorbeeld 2 investeert en uw buur &8ddn deze investeringen
Gemeenschappelijke Verdiensten gelijk aan 2 x 2=x12 punten voor elk van beide. de
scenario’s waar de cirkels van anderen geheel zijartkunt u dit getal niet zelferekene
(maar de computer doet dit nog wel steeds vooHagveel elke verbinding die u hetist
verschilt per scenarid/oordat een nieuw scenario start, krijgt u elkerkesn scherm te zi
waarop vermeld staat hoeveel derbindingskosterzullen zijn voor dat scenarid0, 30 o
50 punten)Dit scherm vermeldt ook of u wel of niet informatialt hebben over hoeveel
anderen in uw groep investeren en verdienen. Lees thededelingen zorgvuldig.

Zoals gezegd begint elk scenario met een prod&doBovenaan het scherm kunt u ook
of u in een proefronde zit of in een betaalde roRi®efrondes worden aangegeven
“PROEFRONDE” (zie bijvoorbeeld Figuur 2a-c) terwhétaaldeondes worden aangege'
met “RONDE” (zie bijvoorbeeld Figuur 4).
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Kortom, uw totale verdiensten zoals weergegevenwscherm gedurende het experin
kunnen als volgt worden berekend:

Totale Verdiensten = Individuele Verdiensten + Gemenschappelijke Verdiensten
— Verbindingskosten

* [ndividuele Verdiensten:

Tabel 1: Individuele Verdiensten van investeren

Investerings- | 1 | 5| 3| 4| 5/ 67| 8| 9ol 10| 11| 14 13 14
niveau

Individuele| | 401 641 72| 64| 40| 0 |-56|-128-216]-320-440-576 -728]-896
Verdienster

* Gemeenschappelijke Verdiensten: 2 x Eigen invesing x Investering buur
* Verbindingskosten: Verschilt per scenario

Voorbeeldscenario: berekenen van totale verdiensten

Stel dat de situatie is zoals in Figuur 4 en debWfglingskosten voor dit scenario ziji® 1
punten per verbinding die u hebt. We zultende totale verdiensten berekenen voor u ¢
persoon aan uw rechter hand. De verdiensten vaoveege twee deelnemers zou u :
kunnen proberen te berekenen.

Figuur 4: Voorbeeldsituatie om totale verdienstend berekenen

RONDE 1 ‘

Het aantal punten dat u in deze situatie ontvangt, is: 86

De hoeveelheid die u nu investeert, is:

U hebt:
- investeringsniveau 3, dit levert u 72 punten aatividuele \erdiensten op (zie Tak
1);
- €één verbinding met een persoon met investeringanivde dit levert u 2 x 3 x 4 = 24
punten aan Gemeenschappelijke Verdiensten op;
- Verbindingskosten voor één verbinding zijn 1 x 100=

Bij elkaar leidt dit tot de volgende Totale Verdsten voor u:

Totale Verdiensten = Individuele Verdiensten + Gensehappelijke Verdiensten — Verbindingskosten
86 = 72 + 4 2 - 10
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De persoon aan uw rechter hand heeft:
- investeringsniveau 4, dit levert 64 punten aanviidiele Verdiensten op;
- 1 verbinding met u met investeringsniveau 3, dreté deze persoon 2 x 4 x 3 4 2
punten aan Gemeenschappelijke Verdiensten op;
- 1 verbinding met een persoon met investeringsniviealit levert deze persoon 24x
x 4 = 32 punten aan Gemeenschappelijke Verdiemgign
- Verbindingskosten voor twee verbindingen zijn 20x=120.

Bij elkaar leidt dit tot:

Totale Verdiensten = Individuele Verdiensten + Gensehappelijke Verdiensten — Verbindingskosten
100 = 64 + 282 - 20

- Vragenlijst -

Aan het einde van de 30 rondes zult u gevraagdemoothnog een kleine taak uit te voe
waarmee u nog wat geld kunt verdienen. Ook vragereen vragenlijst in te vullen. Net
rustig de tijd en vul deze vragenlijst zorgvuldig Ondertussemal het geld dat u tijdens |
experiment verdiend hebt voor u wondeitgeteld. Blijf alstublieft op uw plaats tot
uitbetaling heeft plaatsgevonden.
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