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1. Introduction

One of Paul A. Samuelson’s (1954) motivations tatevout his seminal model of public
goods was his dissatisfaction with the fundamemizhning of the Lindahl (1919) model (see
Pickhardt 2006a, p. 450). Samuelson maintainedatpamnts would not voluntarily contribute
to public goods because that would be against their self-interest (1954, p. 388-389). In
modern terms, this is shown with the prisoner'mina where the dominant strategy of
rational, payoff maximizing agents is not to cdmite to public goods. Therefore,
neoclassical public goods theory of the Samuelsosgvhve type argues that the government
should step in and use its power to tax so thahdoessary means for providing public goods
could be raised. In contrast, Lindahl's (1919) miadéased on the implicit assumption that
for one reason or another all agents reveal thagr preferences. Under these circumstances a
voluntary bargaining process may lead to a Parptimral provision of public goods (see
Musgrave 1939, p. 216).

From a behavioral perspective, however, both modesesent extreme cases because
they are based on the assumption that all ageatsfgust one behavioral type. Yet, ample
experimental evidence from public goods gamesendboratory and from field experiments
suggests that there are several behavioral paterdstypes, including those that fit the
Samuelson and Lindahl models (e.g. see FischbactieGachter 2010; Herrmann and Thoni
2009; Fischbacher et. al. 2001; Ledyard 1995). Expmntal researchers are spending a great
deal of effort on identifying possible motivatiofts such behavior patterns. Another question
of interest concerns the conditions under whiclied#int behavioral types may interact in a
way that leads to positive provision levels or eadpareto-optimal provision of public goods.
Reciprocal action, conditional cooperation, otregarding preferences, etc. are topics of
interest here (e.g. see Fischbacher and Gachtd);, ZXbson 2007; Frey and Meier 2004;
Brandt and Schram 2001; Fischbacher et al. 20041). il experimental settings identification

of the exact behavioral type of a human subjecbreethe actual experiment, say via
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guestionnaires or pre-testing, is associated wahous problems, in particular, when the
entire subject pool is of interest. In contrast, agent-based approach allows for a perfect
control of the behavioral types and their sharethénsubject pool, even if the subject pool is
rather large. Also, running experiments with hunsajects for a large set of different
parameter values may be rather costly. For theasons, | am using an agent-based
simulation where the impact and the interactioditierent, a priori defined, behavioral types
can be analyzed (for an overview and introductioragent-based modeling see Tesfatsion
and Judd 2006; for the link between agent-basedets@hd human subject experiments see
Duffy 2006).

In particular, the purpose of this paper is to exanmhe influence which a population of
different behavioral types may have on the provisibpublic goods, if one agent type shows
ethically motivated behavior patterns. The papeceeds as follows. In section two 1 first
describe the set of behavioral types | considextNebriefly discuss a simple linear public
goods game which is frequently used in experimesg#tings and which | use here, among
other things, as a framework to distinguish Paggttimal allocations from Pareto-suboptimal
allocations. In section three | then introduce alet®f behavioral type interaction that may
increase the level of public good provision and reagn lead to a Pareto-optimal provision
level of public goods. Simulation results are pdad in section four and in the following
section | discuss these results and the undertytiiving forces. Finally, in section six | offer
a few extensions of the basic type interaction rhodlbe last section summarizes and

concludes.

2. Behavioral types and public goods provision

Over the last three decades experimental researbhge accumulated a considerable amount
of empirical evidence on the behavior of human ectisj from laboratory experiments with

public goods (e.g. see Hold and Laury 2008; Zel@@03; Ledyard 1995). According to
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Ledyard (1995, p. 173), casual observation sugdbatsmany subject pools consist of three
different types: (a) those who are always prepé&oddee ride if that promises higher benefits
than contributing, (b) those who sometimes free add sometimes contribute to the public
good, and (c) those who always contribute to thielipuigood. Often the relative shares of
these subgroups are in the range of 50, 40 andefidemt, respectively (Ledyard 1995, p.
173). As these three behavioral types and theativel shares continue to show up in more
recent work on public goods games (e.g. see Henmazd Thoni 2009; Pickhardt 2005a;
Burlando and Guala 2005; Kurzban and Houser 20&LhbBacher et al. 2001), | use these
behavioral types in the following.

Accordingly, the behavior patterns of a-type agerts characterized by myopic selfish
behavior, that is, in a linear public goods ganeytalways free ride and never contribute to
the public good. Agents that show a b-type behapmitern may either contribute to the
public good or may decide not to contribute to fhéolic good. A number of different
motivations have been put forward to explain suehavior patterns. In this paper, however, |
assume that b-types contribute to the public gaahbse they have recognized that they may
maximize their long-run payoff by contributing, ¢ertain conditions hold. To this extent,
their behavior is forward-looking and in line witire modeling approach of Isaac et al. (1994,
pp. 21-26). In particular, b-types contribute ire tehort-run if and only if others are
contributing as well. In this sense they are cood# cooperators. However, they continue to
contribute in the long-run if and only if they abetter off by contributing, that is, if
‘cooperative gain seeking’ is successful. It istfus reason that | describe b-type behavior as
enlightened selfish behavior. Isaac et al. (1994) Brandts and Schram (2001) provide
experimental evidence for such b-type behaviorepast in linear public goods games and
Farina and Sbriglia (2008, p. 164) find experimeetadence for such behavior patterns in a

sequential move game.
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Finally, agents that show a c-type behavior pattethalways contribute to the public
good, irrespective of the consequences that mag faavtheir own individual payoff in either
the short-run or long-run. The behavior of c-tymers may be explained with ethical
motivations. For example, c-types may regard cbuatimg as their duty in a Kantian sense.
Although they may incur an individual loss in terwfstheir own payoffs, they continue to
contribute to the public good in all rounds irredpeely of the consequences (e.g. see
Figuieres et al. 2009, pp. 6-8; Croson 2007, pA—202; Bordignon 1990; Laffont 1975; for
modeling Kantian behavior). Altruistic motivationgy serve as an alternative explanation of
the c-type behavior pattern (e.g. see Croson 2607202—203; Fender 1998; Andreoni 1989,
1990). | shall come back to these alternative athmotivations later on. Regarding the
provision of public goods, two conclusions can indime&ely be drawn from this frequently

observed group composition.

() Any group of individuals that contains a nomygy set of c-type agents will

provide itself with a positive provision level (PRif public goods

(i) Interaction between b-type and c-type agenéy @mllow a group of individuals
that contains non-empty sets of a-, b- and c-tyijpeprovide itself with a

Pareto-optimal provision level of public goods.

To be sure, ‘itself’ here means that no externatdsuch as the government with its power to
tax is needed and that the provision is, therefeodyntary, ‘public goods’ refers to goods

consumed in a nonrival manner and public goodsigia@mv may be suboptimal, unless type
interaction or a sufficient number of c-types withthe group leads to a Pareto-optimal

provision level for the group.
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To proceed, | now introduce a simple linear pugbods game that is frequently used in
experimental economics (e.g. see Batina and [had52 Pickhardt 2005a; Zelmer 2003).
Within this framework, | then analyze the effectgooup composition and type interaction. |

assume a group ofagents with each agent facing the following lingayoff function:

U; =5y, + 2X, Q)

whereU; denotes the payoff of theth agent in terms of tokeng, represents the quantity of
the private good anX is the quantity of the public good. Each agentdgs/en endowment
or budgeB; of two resource units per round. Hence, in prilggipach agent may contribute 0,
1, or 2 resource units to either the private orlipugpood. But for simplicity alone, | now
follow Brown-Kruse and Hummels (1993), McCrokle antts (1996) or Isaac et al. (1994,
pp. 21-23) and assume a binary contribution enwment in which agents contribute both
units either exclusively to the private gogdor to the public good; in order to maximize

payoff:

B=2=y+x, yi, % 010, 2}, yi # % (2)

The public goo is defined as the sum of individual contributieaghe public good:

X=3x. 3)

Also, the public goo&K can be consumed in a non-rival manner by agents and from now

on | consider a group of five agents, witkr 5.



X=X, 7i. (4)

Inspection of the public good model, equationst@lj4), shows that it gives each agent an
incentive to free ride completely, that is, to isvés entire endowment into the private good
and nothing into the public good. Hence, it is tdfmeninant strategy not to contribute to the
public good, but the resulting non-cooperative Bopilim is not Pareto-optimal. In fact, such

a prisoner’s dilemma situation arises whenevefdhewing condition holds:

1/n<MPCR<1 (5)

where MPCR is the marginal per capita return obatribution to the public good (e.g. see
Croson 2007, p. 200). In general, the MPCR is thegimal rate of substitution and, therefore,
the marginal incentive to contribute to the pulgiand (see Ledyard 1995, p. 149). Based on
this definition it follows from (1) that the MPCRrmunts to: (2/5) = 0.4. Hence, becausa of
=5 condition (5) holds with: 0.2 < 0.4 < 1.

Moreover, for a group af agents, it follows from (1) and (4) that the so@aloff for a
unit increase irX is 2n tokens, whereas the private cost is five tokerendd, withn = 5 the
group gains (5 — 5 =) 5 tokens for every resource unit thahiested into the public instead
of the private good. Put differently, with=5 each unit of resources contributed to theipubl
good generates a social net gain of (10 — 2 =k8n® and an individual net loss of (5 -2 =) 3
tokens, which amounts to an overall net gain of tokens per resource unit for the group. In
this context it is worth noting that altruists wdwdlways be better off, if they contribute their
two resource units to the public good, which gigesoverall net gain for society of (8-2—-3-2
=) 10 tokens per contributor. To this extent, aked@bove, the behavior of the c-types may
comply with altruistic behavior patterns as wellk@ntian behavior patterns (see also Croson

2007, pp. 201-203).
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Following Pickhardt (2005a, p. 147), Table 1 showesset of feasible allocations, if there
are five agents in a group and each agent carnr etio®se not to contribute (i.g;,= 2,% =
0) or choose to contribute to the public good,(ie= 0,% =2). In addition, Table 1 shows the
payoff each agent receives and the aggregate pfydfie group of five, subject to the linear

public goods model described in equations (1) Yo Eér example, consider allocatidinin

Table 1.
Table 1: Set of feasible allocations and payoffsn(itokens)
Individual and Aggregate Payoff Overall Payoff
Allocation  Non-Contributors Contributors (Welfare)
(N - Ui) (np" Uip) (N Ui+ ny'Ujp)
I 5-10 50
I 4-14 1-4 60
1 3-18 2-8 70
v 222 3-12 80
Vv 1-26 4-16 90
VI 5-20 100

Note: Allocation denotes the numbers of the sixcemable allocations. Individual and
Aggregate Payoff denotes the individual and aggiegayoffs for Non-Contributors and
Contributors. In particular, column two denotes thdividual and aggregate payoff received
by non-contributors in terms of tokens, wherel@notes the number of agents who keep their
endowment and do not contribute to the public gaed Uy denotes the individual payoff
which each non-contributing agent receives andaitoeluct (n-Ui) denotes the aggregate
payoff (result not displayed). Likewise, columrethdenotes the individual and aggregate
payoff received by contributors in terms of tokevigh r, denoting the number of agents who
provide their endowment and contribute to the pugbod and §J is the individual payoff
which each contributing agent receiv€s/erall payoff, which can be interpreted as the
welfare level, denotes the sum of aggregate payeétived by non-contributors and
contributors.

Here four agents choose not to contribute to tHeipgood and keep their resources instead

for the private goody( = 2, x = 0;i = 1, ..., 4), whereas the fifth agent contribuitss
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resources to the public goog € 0,xs = 2). According to (3) this yields = 2, and according
to (1) and (4) each of the four non-contributing@tg has a payoff of 5+ 22 =) 14 tokens,
whereas the contributing agent has a payoff d 6 22 =) 4 tokens, so that the overall
payoff or welfare level is (44 + 14 =) 60 tokens. Furthermore, once allocatiiprevails,
an agent would maximize its own payoff by deviatfirgm contributing because this yields
(52 + 28 =) 26 tokens for the deviating agent accordinglimcationV, which is higher than
the (50 + 210 =) 20 tokens the agent would get according lmcationVI. Thus, Table 1
illustrates the prevailing prisoner’'s dilemma wh#re dominant strategy is not to contribute
to the public good.

Inspection of Table 1 also reveals that if anyhaf &llocationd, Il or Il prevails, at least
one other allocation exists in the set of feasddlecations that makes one or more agents
better off without making any other agent worse &thr example, if allocatioll prevails,
allocationsV and VI would both make the four non-contributors, who t#tinIl, and the
contributor, who gets 4 iH, better off. Yet, if any of the allocatiohg, V or VI prevails, no
such allocation exists because at least one ag#értemvorse off. Hence, allocationy, V
andVI are Pareto-optimal (shaded area in Table 1). Itrast) allocation$, 1l andlll are not
Pareto-optimal, with allocatioh representing the unique non-cooperative equilibridhis
makes it clear that contrary to other tools, Tablalows for identifying all existing Pareto-
optimal allocations and the associated welfarel$e\dokamp and Pickhardt (2010) develop a
generalized method for calculating Table 1 that loarapplied to any conceivable parameter
constellation. Among other things, they also shtwat tthe binary decision case does not
restrict the generality of the results.

Finally, because every resource unit invested theopublic good increases welfare by
five tokens, column four of Table 1 (overall payoff welfare) shows that every additional

agent who contributes its entire endowment to titdip good increases welfare by%2=) 10



10
tokens and that welfare is increased by 50 tokeretal, if all 10 resource units are invested

into the public good (allocatiovil versusl).

3. Type interaction and Pareto-optimal provision

| now assume an agent population of sitleat consists of the three behavioral tyads, and

c, as defined above. This population could be im&dgul as the subject pool of an
experimental laboratory or the inhabitants of dage, etc. Next, and in line with the linear
public goods model introduced in the previous secti assume that groups of five agents are
drawn from this population. In this case, 21 dif@r group compositions are conceivable.
Table 2 shows these 21 group compositions in degegmrder with respect to the maximum
number of identical types per group (see TableoRjnans one and two). Note, however, that
actual occurrence of all 21 groups implies that thember of each agent type in the
populations,, S, &, With s=5;, +5 + &, is sufficiently large with respect to the groupesn.

This minimal population sizé can be calculated from:
s=ni- (6)
P

wherep is the percentage of the smallest type sharee¥ample, consider the case where the
types a, b, and c are distributed in the population with shares 684 40% and 10%,
respectively. In this case, the smallest type slsatiee c-type share with 10% and, thasis

(5 1/0.1 =) 50 and the absolute type sharessare:25,s, = 20,5 = 5. This ensures that all
21 group constellations shown in Table 2 may abtubé drawn from the population,
including group three, where all five agents areyple c. In contrast, if a population size
below S is chosen, sag = 30, absolute type shares asg= 15,5 = 12,5 = 3, and group

three could never be drawn because there are lordg t-types in the population. Therefore,
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the population size must be equal to or larger than the minimal pojputasize S and, in
addition, it must be ensured that the number oh&gef each type can be represented by an
integer. Hence, for the two relevant type distiidmg shown in Table 2, that is, 50/40/10
percent and equal distribution, the minimal popaftatsizes areS = 50 and S= 15,
respectively. But to keep the two simulations showitable 2 comparable, | have used
60 for both simulations. This population size emsuthat the minimal population size is
respected in both cases and gives integers foalalblute type shares, i.e. (30/24/6) and
(20/20/20), with $/sy/0).

The next step consists of identifying the allocatithat emerges for each group
composition in the long-run. To do so, the contiidiu to the public good must be predicted
for each type of agent. Given the above definitiamsl assumptions, a-type agents will

always contribute zero, that k;d: 0, O i,. Likewise, c-type agents will always contribute
two, that isx_ = 2,0 ic Regarding the b-types, however, predicting themtgbution is a bit

more complex. Due to the first condition mentioradxbve, they will never contribute in the
first round, because in a simultaneous move garag tannot figure out whether or not
others contribute as well. To this extent, thet fictind serves to reveal the number of c-types
within the group of five agents. For simplicitynbw specify that each b-type will contribute
in round two if at least one other agent has cbuated in round ondifst conditior). In other
words, if there is at least one c-type in the gro@ifive. However, b-types will continue to
contribute in round three if and only if the secaadition is fulfilled. In the present context,
b-types will contribute if their payoff in the preus round (here round two, with
contributing) was higher than in round one (withoomtributing) §econd condition

Inspection of Table 1 shows that this condition rhald only in cases where the group of
five contains one or two c-types. The reasoningsidollows: 1) if there is no c-type in the
group, b-types will not contribute in round two aindall further rounds because of the first

condition, 2) if there are more than two c-typesha group (i.e. three or four c-types), the
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allocation in round one will already be Pareto-oyati (i.e. allocation$V or V, respectively),
and although b-types will contribute in round twechuse of condition one, inspection of
Table 1 shows that contributing cannot make thetteb®ff than in the first round and,
therefore, the second condition is not fulfilledtkat b-types do not contribute in round three.
Hence, condition two requireg [ {1, 2}.

Moreover, even if the group under considerationta@ios just one or two c-types, by
inspection of Table 1 it can be shown that the séamndition also requires that there are
three or more b-types in the group. For examplhafe are three b-types, one a-type and one
c-type in the group (see group 15, Table 2), atloodl emerges in round one and allocation
V in round two, with the payoff of each of the bagprising from 14 to 16 tokens. Yet, with
just two b-types it would drop from 14 to 12 tokeoeteris paribusin general, condition two
also requires that for each b-type the additiorstoff from induced b-type contributions
(here: 2Xp) is strictly higher than the private payoff whiehb-type would get from not

contributing (here: %;):

Thus, other things being equal, condition two resgithatn. 0 {1, 2} andn, O {3, 4}, which
impliesn, O {0, 1}, because oh = 5 =n, + n, + n.. Inspection of Table 2 shows that only
groups 7, 14 and 15 may fulfill this condition.

Finally, to establish a long-run contribution emmviment from round three onwards, two
more conditions must hold, to which | shall refercanditions three and four. Condition three
requires that b-types assume that others will mithér own behaviortfird conditior). In
other words, condition three implies that b-typssuene their own behavior has an impact on
the behavior of others. Therefore, they anticipghtg others may stop contributing in the

following round, if they themselves stop contrilmgti Put differently, they know that if they
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deviate from contributing in round three the alloma of the first round will re-emerge in
round four. Hence, although unilateral deviatingnir contributing may lead to a higher
payoff in the short-run (here in round three), tlaticipate that their unilateral deviating
would lead to lower payoffs in the long-run (hesed round four) and, therefore, refrain
from unilateral deviating and continue to contreaut

The fourth condition states that b-types will ntdrs contributing again, once their first
attempt to establish a profitable long-run contiifu environment has failedfolurth
condition. Hence, they contribute in round two, if conditione is fulfilled and they continue
to contribute as of round three, if conditions taral three are fulfilled. Yet, if this is not the
case in round two or in any following round, theyill 8top contributing and never start
contributing again in any following round. Thus,nddion four reinforces that b-types
continue to contribute once conditions two anddlpeevail, as they anticipate that they may
not get a re-switch once cooperation has brokemdow

Essentially, the four conditions represent impladditional constraints which b-types take
into account in maximizing their long-run payoff the following section | demonstrate this
with a few numerical examples. To summarize, b-tggents will contribute in the long-run

(i.e., as of round three), if:

#1. at least one other agent has contributedundmne,

#2: the payoff in round two (with contributing) wémsgher than in round one
(without contributing),

#3: they assume that others will mimic their owhdaor and

#4. they are not prepared to start contributingirggance their first attempt to

establish a profitable long-run contribution enameent has failed.
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Thus, the type interaction model works as follows:round zero nature gives the type
distribution in the population of size In the first round a group of sizeis drawn from the
population of sizes and the number of c-types in this group is revedlecause only c-types
contribute in the first round. In the second rodmel number of b-types in the group of size
is revealed, provided that there is at least ohge-in the group, because in this case all b-
types contribute in the second round. In the thiodnd, depending on whether type
interaction is stable or not, either the allocatudrihe second or the first round, respectively,
re-emerges. This re-emerged allocation then prewa#ll following rounds.

Finally, it should be emphasized that the typeradgon model | have introduced above
may be viewed as a binary, multi-period extensibthe forward-looking approach of Isaac
et al. (1994, pp. 21-26) and also complies withapproach of Brandts and Schram (2001).

Holt and Laury (2008) provide an overview.

4. Simulation results
Based on the predicted contributions for each tyfpagent, it is now possible to predict the
long-run allocation for each of the 21 groups ibl€a2. The result is displayed in column
three of Table 2. For example, in group 6 (b,bd),allocationl of Table 1 emerges in the
long-run because in round one none of the five tgeril contribute and this situation will
never change. In other words, if the group contamempty set of c-types, the public good is
not provided at all, which is denoted by SAM inwoh four of Table 2, because this result
complies with the prediction of the Samuelson model

In group 19 (a,a,b,b,c), allocatidhemerges in the long-run because in round one-the c
type agent will contribute and, therefore, the pety will contribute in round two as well. But
in round three the two b-type agents do not couateitbecause condition two was not fulfilled

in round two and because of condition four, allmratl prevails as of round three.
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Table 2: Group compositions, welfare specificationand simulation results

Group Allocation 50/40/10 Equal
No. Composition Freq. Welfare Freq. Welfare
1 a,a,a,a,a I SAM 34 1,700 4 200
2 b,b,b,b,b I SAM 10 500 4 200
3 c,c,c,c,c VI C-Pareto 0 0 8 800
4 a,a,a,a,b I SAM 150 7,500 32 1,600
5 a,a,a,a,c Il SPL 38 2,280 31 1,860
6 b,b,b,b,a I SAM 57 2,850 13 650
7 b,b,b,b,c VI T-Pareto 10 1,000 25 2,500
8 c,c,c,c,a V C-Pareto 0 0 19 1,710
9 c,c,c,c,b V C-Pareto 0 0 24 2,160
10 a,a,a,b,b I SAM 251 12,550 39 1,950
11 a,a,a,C,Cc I SPL 12 840 41 2,870
12 a,a,a,b,c Il SPL 121 7,260 96 5,760
13 b,b,b,a,a I SAM 193 9,650 54 2,700
14 b,b,b,c,c VI T-Pareto 5 500 52 5,200
15 b,b,b,a,c V T-Pareto 69 6,210 102 9,180
16 c,c,c,a,a IV C-Pareto 3 240 55 4,400
17 c,c,c,b,b IV C-Pareto 0 0 51 4,080
18 c,c,c,a,b IV C-Pareto 4 320 92 7,360
19 a,a,b,b,c I SPL 177 10,620 155 9,300
20 b,b,c,c,a Il SPL 30 2,100 159 11,130
21 c,c,a,a,b - SPL 36 2,520 144 10,080
1,200 68,640 1,200 85,690
Layer 1 Layer 2a Layer 3a Layer 2b Layer3b
28.57% SAM 57.92% 50.63% 12.17% 8.52%
71.43% PPL 42.08% 49.37% 87.83% 91.48%
28.57% SPL 345% 37.33% 52.17% 47.85%
28.57% C-Pareto 0.58% 0.82%  20.75% 23.94%
14.29% T-Pareto 7% 11.23% 14.92% 19.7%

Note: No. denotes the group number; a, b, ¢ dentitesbehavioral type of the agent;
Allocation (column three) denotes allocations cepending to those in Table 1, while
column four indicates the associated long-run welfgpecification with C-Pareto denoting a
Pareto-optimal allocation due to c-type contribuitsgp SAM denotes non-provision as
predicted by the Samuelson model, SPL denotes wuabgprovision level, and T-Pareto
denotes a Pareto-optimal allocation due to typenattion; 50/40/10 and Equal denote the
distribution of a,b,c agents in the population, pestively; Freq. denotes the frequency with
which each of the 21 groups were drawn and Weltweotes the actual welfare level in
terms of tokens, which results from multiplying thequencies with the relevant overall
payoff or welfare given in column four of TablePkrcentage figures at the bottom show the
relative shares with which each welfare specifmatioccurs, with PPL denoting positive
provision level (so that SPL, C-Pareto and T-Paret®@ PPL sublevels). For brevity,
variances and other statistics are not displayecthe
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Note that allocationti andlll imply a positive but suboptimal provision levelP(§ of the
public good, which is denoted in column four of TeaB. Moreover, according to Table 1 the
payoff stream in tokens for each of the two b-typesl4, 12, 14, 14, ..., in rounds one to
four, respectively. The payoff stream makes it ctbat b-types are risking a possible lower
payoff in round two (here 12 instead of 14 toketmys, two tokens forgone payoff) in
exchange for a possible higher payoff in the lomg-HHowever, in this example it turns out
that the b-types are not rewarded by a higher fomgpayoff and, therefore, the two b-types
do not continue to contribute to the public goosdaound three.

In contrast, in group 15 (b,b,b,a,c), type intaacwill lead to allocatioriv as of round
three, because the three b-types will start camtinlg in round two and continue to do so in
round three and all following rounds because camditwo holds (16 tokens > 14 tokens, see
Table 1 and (7)) and because conditions three @amdhold as well. Therefore, according to
Table 1 the payoff stream in tokens for each ofthinee b-types is: 14, 16, 16, 16, 16, 16, ...,
in rounds one to six, respectively. This payofeamn is also useful for demonstrating that b-
types maximize their long-run payoff by contribgginif the four conditions hold. For
example, if one of the b-types had instead optedufdlateral deviating in round three, the
resulting payoff stream in tokens for the deviatintype would have been: 14, 16, 22, 14, 14,
14, ..., in rounds one to six, respectively. Addimgthe payoffs of the first six rounds shows
that both payoff streams amount to 94 tokens. Thughis example, from round seven
onwards the long-run payoff from contributing exteehe payoff from unilateral free-

riding.!

! Discounting is disregarded here because typidalljnear public goods games about 10 to 30 rousms
played and games take just about 60 to 90 mintitas. notwithstanding, discounting would not altee tmain
conclusions. Also, to give another example, consigleup 7 (b,b,b,b,c), Table 2. Other things besggal, the
payoff stream in tokens for a b-type that devide®und three is now: 14, 20, 26, 14, 14, 14, n.raunds one
to six, respectively. But if all four conditions Idoit is: 14, 20, 20, 20, 20, 20, ..., in rounds doesix,

respectively. In this case the payoff streams gualkafter just four rounds (74 tokens) and asoohd five the

long-run payoff from contributing exceeds the pdyafm unilateral free-riding.
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Hence, in group 15 the Pareto-optimal allocaloemerges due to type interaction, which
is denoted by T-Pareto in column four of TablerRcdses where a Pareto-optimal allocation
emerges already in round one, because the grougaiesrthree or more c-types, this is
denoted by C-Pareto in column four of Table 2 his tontext it is worth noting that the result
of the Lindahl model complies with either a C-Paret a T-Pareto allocation, although there
is no real bargaining process. Also, the type auion process effectively transforms the
pure simultaneous move game into a sequential ngavee (e.g. see Masclet et al. 2009;
Farina and Shbriglia 2008; with respect to sequent@/e games).

Further inspection of Table 2, columns two and falrows that non-provision of the
public good, as predicted by the Samuelson mod&M)Soccurs in six cases:(28.57%) of
the 21 groups, while the remaining 15 groups7(.43%) have a positive provision level
(PPL) of the public good. Closer examination ofsthel5 PPL groups reveals that in six
groups £ 28.57%) the positive provision level is subopti{PL), whereas in the remaining
nine groups~ 42.86%) a Pareto-optimal allocation emerges inldhg-run. Also, regarding
the nine Pareto-optimal cases, in three of thesesc@ 14.29%) Pareto-optimality is achieved
by type interaction (T-Pareto), while in the reniagnsix cases~28.57%) Pareto-optimality
is directly achieved by c-type contributions (C-€a). The relative shares with which these
groups occur depend on the number of agent typehie group sizen and the underlying
public goods model. In the following | refer to Haerelative shares as layer one shares (see
Table 2, bottom).

However, the 21 groups may not occur with the samubability. In fact, the actual
probability with which these groups occur depends tbe distribution of types in the
population or subject pool and on the selectiotedan with which agents are drawn from the
population or subject pool to form groups of fitenow assume that there is no specific
selection procedure or selection bias, so thattagee drawn at random from the population.

In this case, the entire outcome of the procesterics paribusdepends solely on the



18
distribution of agent types within the populatidiable 2, column five, shows the frequencies
with which each group occurs in a simulation based.,200 runs, when agent tyed, and
c are distributed in proportions of 50, 40 and 1€cest, respectively (see Ledyard 1995, p.
173). Likewise, column seven shows the same simunlavhen agent types are equally
distributed in the population. The simulations hdeen carried out with the Maple 11
software package and Maple codes are providedéguthor upon request.

Comparison of the percentage figures at the botbrmable 2, columns two, five and
seven, reveals how the initial group weights (colutwo, layer one) are changed by the
prevailing distribution of agent types in the pagidn (columns five and seven, layers 2a and
2b). Moreover, column five (layer 2a) and columnvese (layer 2b), show that a
comparatively small fraction of c-type agents (i.20% and 33.33%, respectively) is
sufficient to ensure that a substantially highesirehof groups exhibits a positive provision
level (PPL), here 42.08% and 87.83%, respectiuklso, figures in Table 2 suggest that a
PPL close to 100% would require a share of c-typek below 50%. Put differently, under
the given circumstances non-provision of publicdps a negligible issue, if the share of c-
types in the population is about 33.33% or highat,below 50%.

| now consider a third layer of interest, the wedfan terms of tokens that emerges for
each simulation, which is shown in Table 2, coluremsand eight, respectively. The relevant
values are obtained from multiplying the frequeaciwth the relevant overall payoff or
welfare given in Table 1, column four. Note thastthird layer changes the relative shares
once again, but now the changes are due to thenptees of the underlying public goods
model. Inspection of Table 2, columns six and eitders 3a and 3b), with respect to PPL
shows that the parameters of the public goods muulglraise the share of welfare generated
in groups with a positive provision level (PPL) 48.37% and 91.48%, respectively. This

reinforces the previous finding that under the giw&cumstances non-provision of public
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goods is a negligible issue, if the share of c#yjpethe population is in the range of 33.33%
or higher.

Regarding total welfare it is worth noting that thenchmark level is 60,000 tokens,
which is calculated under the assumption that thezeno c-types in the population. Hence, in
this case only allocatiohcan emerge (SAM groups in Table 2) and total weltamounts to:
(1,200 - 50 =) 60,000. Given this benchmark, T@bleolumn six (68,640 tokens) and column
eight (85,690 tokens), reveal that the presencec-tfpes in the population generates
additional welfare of 8,640 tokens (14.4%) and 96,8okens (42.82%), respectively.
Moreover, both values can be separated in addltiordfare generated from the pure
presence of c-types and from type interaction tfdes and c-types. To do so, one has to bear
in mind that if type interaction is not possible &bme reason, groups 7, 14 and 15 would
change to SPL specifications, representing allonatil, Ill andll, respectively. Hence, the
net welfare effect of type interaction can be clamd from the net welfare difference in
terms of tokens according to Table ¥J-(I =) 40, ¥I-1ll =) 30 and Y-II =) 30, respectively,
multiplied with the relevant frequencies accordiagrable 2, columns five and seven. These
procedures vyield 6,020 tokens (10.03%) and 20.@Kens (33.45%), respectively, of
additional welfare from pure c-type contributiomsl&2,620 tokens (4.37%) and 5,620 tokens
(9.37%), respectively, of additional welfare froppe interaction.

In addition, the separation makes it clear thahwespect to the third layer, the PPL
welfare level does not solely depend on the c-tgpare, but also on the b-type share.
Therefore, a correction is required to assess tine pnpact of the c-type share on welfare
(i.e. additional welfare from type interaction hasbe deducted from both total welfare and
the PPL welfare level). The correction procedunegithe percentage shares of 47.36% and
90.88% for welfare generated in groups with a pasiprovision level due to pure c-type

presence. Comparison with the uncorrected figuresigied earlier on (i.e. 49.37% and
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91.48%, respectively) shows that the differencesdnet change the conclusion already

drawn.

5. Discussion

The simulation results obtained from the basic tyyeraction model raise three questions of
particular interest: 1) What happens if alternatgent type distributions are considered? 2)
Will the results be influenced by an increase @& gnoup sizen?, and 3) What drives the
results?

To address the first question, | fix the numbec-@ypes to a certain percentage share and
then raise the share of b-typesteris paribusrom zero to ninety percent, at the expense of
the a-type share. This procedure allows for comsigeany conceivable type distribution and
Figure 1 shows how total welfare develops for aliéive type distributions in the population,

if the group size is set to five.

Figure 1: Total welfare for alternative b-type andc-type shares (forn = 5)
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Note: Each line in Figure 1 represents a fixed petghare, where the lowest line represents a
ten percent c-type share and the highest line i&grts a ninety percent c-type share.
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Reading Figure 1 vertically, and fixing the b-typleare to zero percent, shows how total
welfare increases from the benchmark of 60,000neKe-type share of zero percent; a-type
share of 100 percent) to the maximum of 120,00@relc-type share of 100 percent; a-type
share of zero percent), if the c-type share ise@®ed stepwise by ten percentage points, at the
expense of the a-type share. Reading Figure 1dmakity shows how total welfare increases,
for each fixed c-type share, if the share of b-$yeincreased, at the expense of the a-type
share. Thus, vertically Figure 1 shows the c-tyffece on total welfare and horizontally
Figure 1 shows the type interaction effect on tetaelfare. For example, total welfare of the
50/40/10 percent simulation shown in Table 2, tha68,640 tokens would be represented by
a dot near the lowest line in Figure 1, at the d@ent b-type share. Likewise, total welfare of
the equal shares simulation, that is, 85,690 tokemsld be represented by another dot in
Figure 1, which would be located somewhat abovditigethat represents the 30 percent c-
type share and somewhat to the right of the 30em¢ta-type share.

To address the second question, | raise the graegeteris paribusn steps of five from
n=5 to n=50 and consider the effect on the layer 3 pergentshares of the welfare
specifications (see Table 2, bottom). Results hosva in Figure 2. For example, in Figure 2a
where the distribution of a-types, b-types andpesyin the population is 50/40/10 percent,
respectively, the PPL share approaches 100 pendein is about 35. Essentially the same
is true for the equal type distribution shown igie 2b, but here a group sire of about 10
is already sufficient. If the a-type share is rathigh, as in Figure 2c with a type distribution
of 95/4/1 percent, the PPL share approaches 1@@meonly whem is raised to about 500
(not displayed in Figure 2c).

With respect to the first three values of the graige, n, that is, 5, 10 and 15, more

detailed results are also presented in Table 3.
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Layer 3 shares for alternative group size and type distributions

Figure 2a: 50/40/10 percent distribution
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Figure 2d: 1/4/95 percent distribution
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Figure 2e: 0/90/10 percent distribution
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Note: Each distribution refers to the percentagarsk of agent types in the population, using
the format (a-types / b-types / c-types). Valugb®ivelfare specifications SAM and PPL are
provided in bold lines and values of the PPL subesfirations C-SPL, T-SPL, C-Pareto and
T-Pareto are displayed by thin lines. The perceatabares refer to the layer 3 (welfare)
shares provided in Table 2, bottom (just for thstfiwo distributions, Figures 2a and 2b).

Moreover, it is important to note that with > 7, SPL (suboptimal provision level)
specifications must be distinguished into thosduskeely due to c-type presence (C-SPL)
and those where type interaction leads to a higtvet of welfare (T-SPL).

Inspection of Figure 2 and Table 3, in particulathwespect to the SAM and PPL shares
(see bold lines in Figure 2), shows that the resptesented in the previous section are
reinforced ifn is increasedgeteris paribusin particular, Figure 2 and Table 3 indicate that

for any type distribution where the a-type sharesdeot approach 100 percent and the c-type
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share does not approach zero percent, all welfdrewventually be generated in groups with
a positive provision level of the public good (PPif)a sufficiently highn is selected. With
type distributions 1/4/95 percent and 0/90/10 paca lown of 5 and 30, respectively,
already yields a 100 percent PPL share.

Also, with respect to the first four type distritmrts, Figures 2a to 2d, the positive
provision level (PPL) eventually consists entirefy T-SPL specifications, with C-SPL, C-
Pareto and T-Pareto specification shares all appmg zero percent. In Figures 2a and 2b,
this process is already visualized, whereas inreg2c and 2d a higher group sime,of

about 500 and 1,000, respectively, would be redumet displayed in Figure 2).

Table 3: Layer 3 shares for group sizes of 5, 10 drl5

Runs=1,200 Distr. 50/40/10 Percent Distr. Equal
n=5 n=10 n=15 n=5 n=10 n=15
s=60 s=120 s=180 s=60 s=120 s=180
SIS/ 30/24/6 60/48/12 90/72/18 20/20/20 40/40/40 60/60/60

Welfare

Benchmark 60,000 120,000 180,000 60,000 120,000 180,000
Welfare Level 68,640 238,992 550,860 85,690 340,584 771,828
Increase in % 14.4% 99.16% 206.03% 42.82% 183.82% 328.79%

SAM 50.63% 16.75%  6.28% 8.52% 0,5% 0.04%

PPL 49.37% 83.25% 93.72% 91.48% 99.5%  99.96%
C-SPL 37.33% 9.50% 1.21% 47.85% 22.67%  5.28%
T-SPL - 66.70% 92.07% - 44.81% 85.83%
C-Pareto 0.83% 0% 0% 23.94% 0.3% 0%

T-Pareto 11.23% 7.05% 0.44% 19.7%  31.72%  8.85%

Note: The number of runs and the distribution gfety are the same as in the Table 2, with
respect to n=5. The benchmark is denoted in tolegtk calculated in the same way as in
section 4, (i.e., 1,200*the welfare of allocatignwhich is here 50, 100 and 150, for n=5, 10
and 15, respectively). Likewise, the welfare lageflenoted in tokens and obtained in the
same way as in Table 2, with the values for n=Bdly taken from Table 2, bottom, layer 3.
The percentage increase is directly calculated fitbmn difference between the welfare level
and the benchmark. With respect to n=10 [n=15], &M and PPL (C-SPL, T-SPL, C-
Pareto and T-Pareto) percentage figures are caldaby first working out Table 1 (which
has 11 [16] allocations) and then Table 2 (whichsh@6 [136] groups). Otherwise, the
procedure is exactly the same as in Table 2, bottemally, with n>7, SPL (suboptimal
provision level) specifications must be distingahnto those exclusively due to c-type
presence (C-SPL) and those where type interactiadd to a higher level of welfare (T-SPL).
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It must be emphasized, however, that although ich eaf these four cases the PPL is
eventually dominated by T-SPL specifications, tagel 3 total welfare levels in terms of
tokens would differ in each case, depending onetleect type distribution. To some extent,
this is already illustrated in Table 3 for the= 15 values of the total welfare level (550,860
tokens versus 770,826 tokens). Furthermore, inrasinto the first four distributions shown in
Figure 2, the PPL is entirely dominated by T-Pasgtecifications fon > 5 in Figure 2e, with
type distribution 0/90/10 percent.

Finally, Table 3 shows that increasing returnsciarly present. For example, multiplying
N, S, S, andsc with factor 2 raises total welfare by factor 3id&ase of the 50/40/10 percent
distribution (i.e., from 68,640 to 238,992 tokems)d by factor 3.97 in case of the equal
shares distribution (i.e., from 85,690 to 340,58<ens).

To summarize, if the group sizeis sufficiently large, then, for any type distritmun
where all three agent types b, ¢ have a positive percentage share in the populatien
percentage share of SAM specifications will apphoaero and all welfare will be generated
in groups that show a PPL specification. In additibe PPL will be eventually dominated by
T-SPL specifications. These two critical group sizep. andnr.sp;, may or may not coincide
(see Figure 2). Likewise, if the a-type share i®znd the b-type and c-type shares are both
positive, all welfare will again be generated imowps that show a PPL specification.
However, the PPL will now be dominated by T-Pargpecifications rather than by T-SPL
specifications. Again, these two critical groupesiznep. and Nrparete May or may not
coincide (see Figure 2). Put differently, all wedfawill be generated in groups where no
public good is provided (SAM specifications), offlgither the a-type share in the population
is 100 percent or the b-type share is 100 perceiittbe a-type and b-type shares add up to
100 percent.

To address the third question of what drives tiselte, | now consider the conditions for

the occurrence of each welfare specification, sulife the prevailing public goods model of
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section 2. These conditions are summarized in Tabler SAM and for the PPL sublevels C-
SPL, T-SPL, C-Pareto and T-Pareto. Moreover, theyeovided for group sizes of 5, 10 and
15 and in generalized form for the relevant cagas ® 2. Inspection of Table 4 shows that
these conditions address the group composition,ighhow many b-types and/or c-types are
required or allowed in a group of simeso that a certain welfare specification may dbtua
occur. For example, with respect to= 5, the conditions yield the group composition
requirements discussed above in section 3 and gomtl the group compositions shown for
each welfare specification in Table 2, column twatlf SPL in Table 2 referring to C-SPL in

Table 4).

Table 4: Group composition conditions for each we#fre specification

Group Size n=5 n=10 n=15 n>2
SAM n=0 n=0 n=0 n=0
PPL

C-SPL 0<n<2 0<n<s7 0<n<12 0<n<(n-3)

Np< 2 Np< 2 np< 2 Np< 2
T-SPL 0O<n<4 0<n<9 0 <n< (n-6)
Np= 3 np=3 Np= 3

N+ <7 Nc+np<l2 N+ np<(n-3)
C-Pareto n.>3 n=8 n=13 nc= (n-2)

T-Pareto 0<n<2 0<n<7 0<n<12 0<n<(n-3)
Np= 3 Np= 3 np=3 Np= 3
N+n=28 n+n=>13 n.+n,=(n-2)
Note: SAM denotes non-provision of the public gddiel. denotes a positive provision level
of the public good, C-SPL denotes supoptimal prowigevel due to c-type presence, T-SPL
denotes supoptimal provision level due to typeraat®on, C-Pareto denotes Pareto-optimal
provision level due to c-type presence and T-Padetootes Pareto-optimal provision level
due to type interaction, and,m. denotethe number of b-types and c-types, respectively, in
group of n agents.

Table 4 also shows that for the SAM and C-Pare&zifipations only one condition applies,

whereas two conditions must be fulfilled simultamgly for C-SPL specifications and even
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three conditions must hold simultaneously for satylpe interaction (i.e., T-SPL and T-
Pareto specifications). Further, some conditionsedd on the group size but others do not
and for some welfare specifications just the c-tygleare matters, whereas for other
specifications both the c-type and the b-type shaatters. The group composition conditions
provided in Table 4 fully explain the results showrFigures 1 and 2 and Tables 2 and 3 and
they can be used to assesseris paribughe expected results of any other conceivable type
distribution and/or group size.

For example, consider Figure 2d with an agent gip&ibution of 1/4/95 percent. With a
low group size, the probability that the C-Paredadition, = (n-2), is fulfilled is virtually
one (see Figure 2a<10). Yet, as the group size increaseteris paribughe occurrence of
either a-types or b-types in a group becomes nikety/land, thus, it is less likely that the C-
Pareto condition can be fulfilled. Eventually, msncreases further, the probability that C-
Pareto specifications occur at all approaches Mooeover, even the probability that Pareto-
optimal specifications (C-Pareto and T-Pareto) ocau all becomes zero, because the
expected number of a-types in each group beconfésiextly high to prevent both the C-
Pareto condition, J& (n-2), and the T-Pareto condition,#n, = (n-2). In contrast, if the a-
type share is zero and both the b-type and c-tjyages are positive, as in Figure 2e with
agent type distribution of 0/90/10 percent, all fiared will eventually be generated in groups
that show a T-Pareto specification, if the growge $8 sufficiently large.

Furthermore, with respect to type interaction ingyal (see Table 4, T-SPL and T-Pareto),
it is worth noting that the first conditions, 0 g&n(n-6) and 0 < g (n-3), are fulfilledceteris
paribusfor any positive share of both b-types and c-tyipesis sufficiently large and the c-
type share does not approach 100 percent. The deoorlition, = 3, is the same for afi
due to equation (7). Hence, with either a highersiof b-types or a higher group sizéor
both taken together), the probability that this dibaon is fulfilled increaseseteris paribus

Also, the third condition for either a T-SPL or &®to specification,d# n, < (n-3) and p+
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n, = (n-2), respectively, are complements so that dnthe&m always holds. Therefore, all
welfare will eventually be generated in groups vehgmpe interaction (T-SPL or T-Pareto
specifications) prevails, provided that the popatattontains non-empty sets of b-types and
c-types and the group simas sufficiently large.

Finally, the simulation results presented in sec#oand the discussion in this section
clearly indicate that ethical education, by whickypes [b-types] may be ‘produced’ from
either a-types or b-types [a-types] using capital abor as inputs, may not only be beneficial
for society as a whole, but has also a potentiaéémnomies of scale. Notably, the reverse is
also true, that is, a collapse of moral order bical behavior patterns may cause excessive
harm to society as a whole. Of course, many othpe@s of the basic type interaction model
could be examined in further detail. However, IIsleave these tasks to the interested reader

because the essential points have already beencteteand can be summarized as follows:

(i)  In any population that contains a non-empty set¢tbfcally motivated agents
(c-types), non-provision of public goods is a ngle issue if the

circumstances described above prevail and the geizgis sufficiently large.

(iv)  Ethical education may be welfare enhancing and ¢a@&nerate economies of
scale over certain ranges, if type interaction agi@mlightened selfish agents

(b-types) and ethically motivated agents (c-typegppssible.

These findings have a number of policy implicatiofRsr example, the private provision of
public goods by ethically motivated agents and tyige interaction may to some extent
replace public goods provision by government thhoagolitical process. Also, in some cases
it may even turn out that a political decision #&ise the level of ethical education is more

efficient with respect to the desired level of paldoods than a political process that aims
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directly at the public goods provision level. Farthrather than representing an individual
agent, the three behavioral types may represerdlsoterest groups who are interacting in a
political process over public goods provision. Arex interest could be environmental or
social security insurance issues, where some Bitgn®ups may represent members with
myopic selfish views, while others my hold enligied selfish views and still others may be

ethically motivated.

6. Extensions

The basic model can be extended in many ways tiafhe complexity of human behavior
and relevant decision environments. In these caaesjmulation approach has clear
advantages and the simulation results obtained tf@mbasic type interaction model may
serve as a benchmark. Therefore, | shall briefscuss some extensions of the basic type
interaction model.

E1 — Type diversificatianThe basic model is limited to just three behaalidypes. Real
human behavior patterns, however, are much richdr diverse. Hence, one could either
assume additional types or differentiate the thewisting typesa, b, ¢ into sub-types. For
example, it could be interesting to change the icitptonditional cooperation parameters of
some of the b-types. In the basic model | assuinadthe parameter value for the individual
willingness to contributey, was “one other agent”, implying that all b-typesuld start
contributing once they observed that at least dheragent had contributed in the preceding
round. Now assume that there are some b-typedGaypes, for whiclky = 0 holds, meaning
that they would contribute even if no other agesd hontributed previously. Thus, in round
one, bO-types and c-types would now contribute,ctvhmakes it clear that bO-types may
effectively fulfill the same role for type interamh as the c-types do. Note that this has
important consequences insofar as b0O-types mayiwubsfor c-types and, therefore, type

interaction may take place even if there are justpes. Hence, if a bO-type shows up in
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group 2 or 6 the SAM allocation would be changea tb-Pareto allocation. In addition, b1-
types, b2-types, etc. could be introduced, wheeehih-type coincides with the standard b-
type of the basic model.

Moreover, sub-type variations could be based omrotmplicit parameters of the basic
type interaction model. For example, the individwdlingness to wait until condition two is
fulfilled, &, which was set to just one round in the basic mateld be changed for some b-
types to two rounds or more. Note that this chamgeld on the one hand serve as a reaction
buffer if some agents make mistakes, while on therchand it would allow for the evolution
of cooperation over various rounds, if some b-typtst contributing only if the average
contribution of others reaches certain thresholglte Other examples include the individual
willingness to deviate from contributing), which was set to one agent in the basic type
interaction model due to condition three (i.e.ptife agent is observed to deviate, all others
deviate as well). Furthermore, b-types may diffethieir beliefs about other’s willingness to
deviate,@ which was also set to one agent in the basic modéd-types could differ with
respect to their individual willingness to re-init a type interaction process,In the basic
model this parameter was captured with conditiaur fand was set to zero attempts (which
implies no re-switches). If for some agents thigap®eter is raised to positive levels,
conditional cooperation patterns could be re-staciece cooperation has collapsed for some
reason. Note, that this would allow for incorpamgtiearning procedures, if a breakdown of
successful type interaction leads to adjustmenth vaspect to other individual parameter
values.

E2 — Other forms of cooperatiohe basic type interaction model rests on a genple
form of conditional cooperation, where b-type agemact to a signal which is based on a
positive provision level in the previous round. Masther forms of conditional cooperation
and type communication are conceivable. For exangple could give up the notion that the

group of five takes the decision to contribute ot simultaneously in each round and assume
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instead that group members take the decision irgaential manner. In this case, and in
contrast to the basic model, both the permutatidgpes within the group and the order with
which agents are called to take their decision ensittFurthermore, in line with a typical
agent-based modeling feature, one could assumeatfeaits look at the behavior of other
agents in their neighborhood. For example, b-typay just consider what their immediate
neighbor to the left and (or) to the right has donthe previous round. Note that in this case
the row vector of agents has to be interpreted @scke on which the agents are placed. In
agent-based modeling such a circle is known asng world’ (e.g. see Epstein and Axtell
1996, pp. 170-176). Also, the visibility parameateuld be raised to more than one neighbor,
which is particularly interesting in larger groups.this context it is worth mentioning that
the form of conditional cooperation | have introddan section 3 complies with a ring world
where visibility is set to n-1 agents.

Of course, many more variants and other extensaoasonceivable, but the suggestions
discussed above are already sufficient to illusttae potential of the basic type interaction

model.

7. Summary and concluding remarks

In this paper | have shed some light on the rolacal behavior patterns may play in

providing public goods. In particular, | assumedttithe population contained three

behavioral types: myopic selfish agents (a-types)ightened selfish agents (b-types) and
ethically motivated agents (c-types). | then anadlythe impact which alternative distributions

of these agent types in the population may havesiyg an agent-based simulation approach
and a standard linear public goods model. In cehtta the black-box approach usually

employed in agent-based modeling, this procedumvatl me to identify three layers of

interest and to calculate for each layer the negashares of the welfare specifications SAM
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(non-provision of the public good) and PPL (postiprovision level of the public good),
together with the relative shares of relevant Pii-specifications.

With respect to the first two layers (group comgosiand frequency) only the share of c-
types in the population matters, because the PRtes#fioes not change if type interaction is
impossible so that T-Pareto [T-SPL] allocationsdmee SPL [C-SPL] allocations. For both
layers and for both simulations, it was shown ibl&& that the PPL share was well in excess
of the share of c-types in the population. Morepvis observation holds true if the third
layer (welfare) is considered and corrections akern to assess the pure impact of the c-type
share. Further, they continue to hold and may ebenreinforced if alternative type
distributions and higher group sizes are consideasddemonstrated in section 5. These
findings clearly indicate that non-provision of fiabgoods, as predicted by the Samuelson
model, can be substantially reduced by even a dnaation of ethical motivated agents in the
population and that it can be eliminated for ametgistribution that contains a non-empty set
of c-types, if the group size is sufficiently large. It must be emphasized, hosve that
Samuelson (1954, p. 389) himself already recognibatl Kantian behavior patterns would
lead to different results. Yet, it might not haveeh entirely clear that it may well be
sufficient if just a few actually show such beha\patterns.

In addition, the increase of welfare in terms dfeias due to type interaction and the
possible high share of welfare generated in gréligisshow a C-Pareto or T-Pareto provision
level indicates that ethical education is not dyéyeficial for society as a whole, but may also
generate economies of scale over certain rangeéslifferently, although ethically motivated
behavior patterns may not be explained by everbtbadest definition of self-interest and,
therefore, may remain alien to any economics fraonkwsee Pickhardt 2006b, 2005b;
Wilber 2004), such behavior patterns can play apomant role in welfare enhancing
procedures. Recently, this latter point has besssstd with respect to the role moral order

plays for the efficient working of market economfesy. see Petrick and Pies 2007).
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Of course, the extensions discussed in sectionidvoove the analysis much closer to
real world decision environments, which in turn Wblead to additional layers and findings.
Moreover, an extended version of the basic typeraation model may serve as a tool, for
example, to test the findings from the agent-basexdiel in an experiment with human
subjects, to replicate results obtained from o#ygreriments with human subjects, to gain
new insights by comparing and contrasting resutisnfsuch experiments and agent-based
set-ups, and to complement findings from experisevith human subjects by investigating
aspects that cannot (or just with difficulties) dene in these experiments (see also Duffy

2006). But this rather delineates a future reseagemda.
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