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Abstract In this paper, we investigatihe implications of thephilosophical considerations
pr esent ed Ananchy, $@te, iard Kidghy examininggroup formation in daboratory
setting where subjects engage in both cooperative and conflictual interactivesendow
participantswith a commodityused togenerateearnings, plunder others, or protect against
plunder. In our primary treatmentge allowparticipants to form group® pool theirresources.
We conduct a baseline comparison treatment that mioteallow group formation. We find that
allowing subjects t@rganize themselves into grougsesnotlead to more cooperation and may
in fact exacerbate tendenciesvardsconflict.
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l. Introduction

We often engage in activity that is detrimental to those arounfinding ourselves in
situations where the individual incevds facing us lead to suboptimal outcomes at the social
level. Indeed manyif not most of theseactivities occur in a setting where no external
enforcement is available to settle the conflicts that inevitably emerge. One means of overcoming
these social dilemmas is for individuals to unite as a group. By forming alliances for a common
purpose groups may hapto encourage recalcitrant individuals to cease activity destructive to
the social order. Such tribal behavior is inextricably linked with our development as a species.
Indeed vnen viewed through the <critical $anns of
artificial construct, for man has never existed as an island apart from his peers.

There is much to be said of human achievement through the combined efforts of the
group. A quick read through Joel Moeltiyity 6 s nar
leaves one marveling at the wealth humans have created since classical antiquity (1990). The
grandeur of these achievements is blemished, however, by the equally amazing propensity of
man to wage wars and commit mass genocide. As Matt Ridleyisutcct | y summari ze

may be among the most collaborative social creatures on the planet, but we are also the most

belligerento (1997, p. 193) . I't is this tens
of group formation that we examineone closely in this paper.

Using the |l aboratory method, *twexamine ras uct é
Hi rshleifer (2001) puts it the manner, form
obvious exceptions, occurs only in the shadow oflcanfc t 6 ( p . 11) . We dr a:

work of Nozick (1974) in developing an interactive framework in which subjects can pool
resources as a group for the purposes of both predation and protection of endowments of an
incomegenerating asset.Following No z i ¢ k , we call these groups
Relative to the canonical laboratory experiment in economics, we impose a minimal structure on
our participants to examine a variety of complex strategies that subjects develop to solve the

problemsthey face. Our goal is to observe what institutions, if any, arise endogenously out of a

'Smith (1982) eunsticloaexplosatory éxpetiemtsigrehubed to provide empirical probes of new
topics of inquiryé.Ilt is through exploratory probes of
systems may be reexamined, and nelerdific questions may be askied ( p-273).2is3s a fitting description of

our motivation for this paper. Using the laboratory method of inquiry, our aim is to demelepways of
understandingjuestions pertinent foolitical philosofny and constitutional economics



myriad of possibilities to produce a social order within a group of individuals seeking to attain
their own subjective ends.

A critic might ask how we could know wther protective associations historically
developed this way. Clearly, we do not know nor claim to be shedding light on this question.
We have an example and technique to ask a question about how people build social orders.
Wherever, however, or if everotective associations originated in history, people, from the
Aborigines in Australia to the Sami people of Lapland, had to create a social system to cope with
conflict. The structure of this social order necessarily reflected the cultural legathestobe
and clearly depended upon the geographic, physical, and economic settings that they faced.
Likewise, in our experiment, subjects must create their own social order within the novel context
in which we place themTo paraphrase Nozick, we l@amuch by seeing how social order could
have arisen, even if it diabt arise that way.

Il. Protective Associations
Nozick articulates a theory of how social order could emerge from anarchy through the

formation of protective associatohsHe suggests AGroups of -indivi
protection associations: all will answer the call of any member for defense or for the enforcement

of hi s rightséAlliances are designed to all
knowledge, anbbo bt ai n access to marketso (p. 12) . I
mitigate the productive efforts of the association. First, protective associationsesdiy deal

with Acantankerous or paranoid memberfshé al onc
protective association to violate the rights of others. Second, groups will need to resolve internal
conflict between its own members to avoid fnea
ai do. Third, gr oups woflthe divisiereda labbroandneackaage.e f f i ¢
Finally, groups must decide on what prices or services to provide for those who may desire more

extensive or elaborate protection (p-13).

’See Nozickos sritmrelewance af statdnatisestiearynin understanding social processes (p. 7

9).

% Protective associations can be translated into a large domain of groups historically. Families, tribes, clans,
cooperatives, corporations and political action conwegt all take on certain characteristics of protective
associations. For the purposes of this study, protective associatiatefinegl agroups that form as a response to

a dilemma where incentives lead individuals to act counter to the interestccofhainity as a whole.



Nozick also recognizes the potential for conflict betweentective assoations He
posits three potential resolutions to such conflicts. First, members of a losing protective
association may try to join the winning protective association. Second, the protective
associations may use geographic location to isolate themselves tliemgooups. Thirdrival
protective associations ménd themselvegqually matched and will come to a tacit agreement
not to fight or to resolve conflicts in a more peaceful manner. Nozick argues that eventually,
however, the largest protective assbion in a local area will subsume all other protective
associations through fo-haedopr coemss,actby Whi
forces create one overarching group, emerges because the most efficient group is able to attract
newmembes due to its superi-iomro boeuntesfiides , meanmbde rist v
order to militate against further predation against its current merfibers.

Economists have utilized the notion of protective associatigstaought experiment to
conpare the merits of private and public law enforcenfien@s this literature is mostly
peripheral to the purposes of this papes, mentioronly a few related points.Rothbard (1978
and Friedman (1973)rst arguedthat protective associations would lgriabouta more efficient
enforcement of law, and would prevent conflicts with each other through contidetir
argument is thatrptective associations have a monetary interest in stability and therefore the
protracted costs of conflict outweigh the béts of contracting with other associations to avoid
this conflict. This line of reasoning would suggedbat a stable equilibrium shouklrentually
emergeas the opportunity cost of conflibecomegoo great.

* A previousrefereeof this paper remarked on the similarity between this argument and the Coasian depiction of the
organi zational genesis-iond taheofiamd cdpist aldhetedppst tims M o |
of the marketso does the protective association internalize conflicting parties rather than allow such conflict to play

outin an uncontrolled manner

® Though see Childs (1977) and Moss (1980) fariticaldi scussi on of tinhdi sa lpornogc ewist ho f
concomitant free rider problemTheir argument essentially questions the feasibility of buying in outside members

as the fAmarginal o inside member would rationally | eave
limit, this leads to an unraveling of the protective association.

®In a highly original pieceBeckerand Stigler (1974) argue that bringing more law enforcement into the realm of

the market instead of the public domain would provide enforcers with better incettivexzommodate their

respective clients. While this argument has been criticizedLgegesand Posner 199; Cowen 1992; and Sutter
1995),several argumentsavebeen made inlefense of protective associations as a viable alternative to the public
provision of law enforcement (Friedman 713 1994; Caplarand Stringham 2001). See Powell and Stringham

(2009) for an irdepth description of this ongoing debate.

" Research on protective associations relates more broadly to the literature examining how and to what extent self
enforcing exchange can achieve social cooperation. This includes research nlanvanforcement (Friedman

1973 Benson 1990Stringham P07), community and commercial dispute resolution (Ellickson 2005), international

trade (Grief 1993L.eeson 2007a, 2007b, 2008), and property rights in the historical context of the American western
frontier (Anderson and Hill 204).



Cowen (1992) argues that the assertiom atable equilibrium involving a multitude of
protective associations ignores the underlying factors that will instead lead these associations
inexorably to monopoly. He maintains that protective associations would benefit from network
externalities, whikh would cause a collapse from a multitude of protective associations into
sever al or even one. After t his col |l apse,
monopolistic hold on protection will arise. tasponseCaplanandStringham (2001) mainita
that associations would have difficulty overcoming the obstacle of collusion that all oligopolies
face. They argue th#he incentive to renege and offer services that are more competitive will
overcome the incentive to collude

Our focus on protecti@ associationalsorelates to research dhe economic analysis of
conflict more generally These papers emphasize the stabi
given certain conditions (e.g. Skaperdas 1992; Hirshleifer 1995; anDusham et. al. 199
Carter and Anderton 199Quffy and Kim 2005 and Lacomba et. al. working papfar
experimental applicati@of this research). Drawing on these initial models, a few efforts have
incorporatecdcoalition formation into the analysis. Skaperdas (1998)remxes the formation of
alliances within conflict. He finds that coalitions will emerge if there are increasing returns to
pooling resources used for appropriation. Noh (2002) introduces the problem of distribution and
collective action within the alliame. He still finds that alliances are feasible given certain
assumptions regarding these ingr@up costs and the returns to pooling resources. Esteban and
Sakovics (2003) find, however, that the condi
are more stringent than the previous literatingicates Within the parameters of their model,
they find that the costs of intgroup conflict will outweigh the benefits of intgroup
cooperation.

Finally, our papercontributes taresearch that examesthe philosophical arguments of
Nozick and Rawlsfrom an economic perspective-or exampleMezzetti (1987) argues that
Nozi ckds -bpsed dghtd uargarents ignore consequences, and apparently, are
inconsistent with Rawlsian distributive justioghich emphasizethat when inequalities exist,
society should arrange them to benefit the ledstintaged members of societMezzetti
shows however thatunder conditions operfectcompetition the Nozickian argument for rights
is the most effectivene ans f or a crhinineaxprintigle. Rhenafbre, e concludes

thatPar eti an efficiency, Ra wl ssip@cedurdlirightsnustriou t i v e



longerbeinconsistenwith one another Fleurbaey and Maniqué€1999) model allocation rules

in the context of solidarity and theltective sharing of a resourcecorporating and addressing

No z iscidead ofguaranteeing an individua minimum benefit from hisskills. Bavetta and
Peragine (2006)emphasssn the expreSsove benekittos a chooser making
choices in their development of axioms on autonomy freedom. This research both identifies
implicit logical and empirical assumptions in Nozick and brings Nozickian philosophical

concerngo the constrction and evaluation of social choice mechanisms.

II. Experimental Design and Procedures
A. Environment and Institutional Parameters
We draw upon the design and procedurePamwell and Wilson(2008) in building our
own experimental designWe endow & subjects with a number of units of a commodiyhat
earns $0.00077or every secondhatit is designated as an earnings it Prior to receiving
this endowment, each subject takes a short quiz that includes questions drawn from SAT exams.
We utilize he quiz to irducesubjects witha sense of entitlement towards their endowments.
Previous experimental work indicates that this procedure does indeed generate a sense of an
earned property right (see e.g. Hoffman and Spitzer, 1982, 1985; Hoffman et 4l.,ah899
Cherry et al., 2002). The endowmentxaire: 19, 21, 23, 25, 27, and 29 with the subject scoring
highest on a quiz receiving the endowment of 29, second highest 27, and so forth. Ties are
brokenby giving the higher allocation of units to the g@m who finished the quiz first.
Subjects can convert thesgtial endowments ok into units of either offense, defense
d, or holdase once theexperiment begins. Recall thablding one unit ire generates $0.00077
per second. If, for example,saibject with the average endowment of units (24 units) were to
hold her earnings ie for the entire session (assuming no units are taken), then she would earn a
payout of $44.35.

8 We recognize the liitations, particularlyin the variations of group membership, of having only six subjects. We
conducted pilot sessions not reported in the study with twelve subjects and found the environment was too involved

for subjects to coordinate their decisions IwelFurthermore, conflict was rampant. By reducing the number of
subjects, we enable Nozickés original conception of gr
laboratory context. We strongly encourage further work on expandirexfieimental environment to incorporate

larger numbers of subjects.

° This is calculated as follows: Mamum Median Earnings = 24 units40 minute$ 60 second3 0.00077 $/sec =

$44.35.



Subjects may useffensive units to take units of from another subjectand use
defensive units to pr otxelnisplachddn defensejastfenseéds e x i s
not earn money and cannot be taken. Conceptually this is reasonable as tools used for predation
and protection (firearms, security systems, wadls.) are not easily stolen and do not usually
generate income for their ownéfs.The opportunity cosdf having offensive and/or defensive
units is the productive value of holding units as' Following Powell and Wilson, we
incorporate d0-secondransaction costf converting units o€ into eithero or d, during which
time the unit does not earn moneubjects may conveals many units as are availalbbethem
in one transaction.

Subjects can use the units of offense to &akem another subj. The probability that
an attempt to plunder is successful is determined by the number of offensivedrattatkera
has compared to the number of defensive udifstiie target under attack has. Specifically, the

success rate for the attacker-isoa—d. After any attempt to take earnings units from other
o, +d,

a
subjects, offensive units are not available for use for 20 seconds. This additional transaction cost
simulaes the recovery costs of using force.

Individual subject holdings o&, o, andd are publicly observable to all participants
throughout the experimentWe notify subjects of laattempts at takingand the result of the
attempts Individual subject identities remain anonymous atimiks

In what we will call theNozicktreatment, subjects are also able to form subgroups with
other subjectss A subject starts a group by sseridiegcti ng
invitations to other subjects to join. These invitations come in the form of a prompt on the
invited subjectds screen. The invited subjec
cannot joi® or even be invitedl if she or he is currently a membdramother groupg? Only the
founding member of the group can extend invitatiofmally, no member can be removedrfro
a group once she or he joins, though angset of the group can always leave to form another
group.We designed the treatment to pretvsubjects from ejecting members from their group

for two reasons. Firstthough numerous decision rules fdrow this can beperformedare

19'such investments may be categoriasdhe renseeking costs of theft (see Tullock 1967).

1 See Hirshleifer (1995) for a theoretical discussion of this tradeoff between productive and predative resource use.
12 Note though that this rule only applies to formal invitation. Informal invitation to leave one group and join
another may occur through the public chat room. This was a regular occurrence in the sessions.



possible such as majority, plurality, unanimity minus the offending subject, &tch of these
methodsrequire adding an additional complication to an already complex treatmerit)rtredt
each rule would lead to its own set of prejudices and logistical difficultB&dsce there is no
clear theoretical or historical suppdadr how this mechanism shoulc ldesignedwe simply
allow members to leave gups from which they no longer wish to participea¢her than impose
somecumbersme and arbitrary ruleln addition it is relativelyeasyfor members of a group to
ejectafirogued member by almemberssimply leaving the group and forming a new one without
the rogue memberFor example, e total number of mouse clicks required for two people to
leave a group and form a new ondive. Though thisstill entails some cost artberefore could
reduce the ééctiveness of ostracism as a strategy for maintaining ordbmwthe group, the
actual results of the sessions do not suggest this was problematic.

Groups have the added ability to pool their respective defensive and offensive
capabilities. Let G= {1, 2, é, 6 } denote t he G dentte theith a | |
(nonempty) subset of perg@phformed by a partition 06.* Once a group is formed, members

of the group automatically share all units of defense, i.e., the number of defensive units for each

person inG; is a d;. For exampleif a person witho, units of offense attacks a target
irG

currently pat of a group the probability of success for the attack agatnist # as
a i

iG
opposed to merelyoL.
0, +d,
In contrast to the defensive unitghich we automaticallypool, group members also have
the option of pooling offensive units on a voluntary basis. To pool units of offense, subjects
click on a button above the group member they wish to lend their offensive Tiiéslender
must send all or none of theinits of offense to the designated group member. Whildethaéer
loans these units aughe or héhas no ability to take units from any other subj€eldte reason is
that the person who the lender offers the units to is effectively using the units fonthet st

any moment,the lender can instantly regain control of their units of offense by clicking the

button above the designated group member a second timé&’ deinote the subset subjects that

13 A subset of the subjects (and therefore a gy@an consist of only one subjedn fact, this is what occurs when
a group has formed but no other subject has yet acceptaditation to join it.



have lent a subject thexr Subject whoborrowo are able to use these units as if they were their

é_ Oa
i g°

a Oat ok
itG?

own, meaning the probability of success for attack against target become In

addition to this change in probability, subjects vidtmorow o are also able to takeore than one

e in any given attempt.The reason for this is that they are effectively using the units of the
lender in the attack. Therefore, any successful attack counts as a successful agack for
participating member anthkes one unit for everynember that contributes to the pool of
offensive units, conditional th#te target has thatany unitso take If the target does not have
that many unitsthenthe successful attackill remove all availableunits of the target. For
instance, if thresubjectseachlend another subjectheir units, then thisubjectwill now take

four unitswith each successful attacther than one. If a subject attempts to plunder another
subject within their own group, however, then neither subject commands the pooled redources
or o of the group. Itis as if they are attacking outsflthe apparatus of the groufphough this
would seem that membership within the group is equivalent to participation in the Hobbesian
jungle, we found that intrgroup conflict was prevalent in only one session (see the discussion
section below}*

We also allow subjects to seado other subjets. They may perform thiby entering the
desired amount af and the intended subject of these units into a text box and then clicking send.
If subjects voluntarily send units using this mechanism, they permanently reside with the
recipient(at leat until the recipient is plundered or voluntarily sends units out themselves)

Subjects are able to communicate using both a public and a private chat Adbm.
subjects in the experiment can readssages sent to the public chat roarhich isvisible to all
subjects throughout the experiment. Groups have the additional ability to communicate through
a private chat room that is only visible to subjects within the particular group. Wethlbw
private communication toallow groups tomore easily facitate cooperation within a mostly
conflictual environment. Previous experimental research shows that communication can indeed
increase the likelihood of cooperation (see Ostetmal. 1992 The subject is able to observe
successful and unsuccessfulaakbyher and others.We display theamount of time passed in
the session, earnings per second, and total earamdjsipdateevery second.In addition the

“See Nozicko6s di scus s i-agencypfivate dmfercemeneofirightsdp. 15e duce i ntr a



subject can see how many defensive units and offensivetaitser group controlat all times

Figure 1displays a sample screen shot for this treatment.

World View

Successful Take by You — Successful Take From You e—
Unsuccessful Take by You Unsuccessful Take From You
Successful Take by Other ~=--~ Transferred

Unsuccessful Take by Other ===== = Offense Transferred

Person
& M Eam. Off.
~ 009 016 000
Person 4
Def. Eam. Off,
003 012 000
. O | -

» Atempt Take
w Invite to Group
.'.:"" Transter Ofensive Control

Def. Eam. Off.
009 025 027

Def. = Units for Defense
Earn. = Units for Earning
Off. = Units for Offense

All Chat | Group Chnﬂl History Summary
Person 6 successfully took from person | ;] Time
Person 1 successfully 1ook from person § I
Person 6 successfully took from person 2 =0
Person 6 unsuccessfully took from person 3 Earnings / Sec
Person § successiully took from person 4 r—l%r
-
Tronstor Total Eamings
- . | 424
[En(ev your text here Send l Send I units to ——> -

I Leave Group |

Figure 1. Screenshot foNozick Treatment

B. Baseline Treatment
As a baseline to thHozicktreatment, we also conducted a treatment that did not allow
subjects to form groups, which we label thebbestreatment. Subjects in thikeatment are not
able to form groups and thus do not have any of the additional abilities that go along with group
formation, including the ability to lend offensive units, pool defensive units, or communicate

through a private chat room.

C. Procedures
We conducted six sessions in each of the two treatments, for which we regited
subjects from the darge undegraduate population at George Mason Universie seated
subjects at a visually isolated computer terminal where they interacted anonymously with other

participants. Sessions lasted 40 minutes after approximately 15 minutes of instruttiens.
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recruited subjects for an experiment that could last up to 90 minuteswbdueft the actual
experimental interaction time undisclosed to mitigate-gemtie effects of a necessarily finite
experiment. Subjects received instructions about how to participate iexgiegiment (see
Appendix 1) followed by a quiz of 10 questions. Each session had six participants who only
participated in a single session of this experiment. Subjects received $7 for showing up on time
in addition to what they earned in the experimemhe average earnings without the shgw

payment were $14.50We paid out earningwivately at the conclusion of the experiment.

V. Examining Anarchy

In building a design to examine the environment depicted in Nozick, we utilize a more
openended framework that allows subjects to use multiple strategies in repeated interactions
among one another. Though we lose the strict control of a more gameitheoesttation, we
find that challenging subjects to simultaneously overcome free rider difficulties,
miscommunication, and the incentive to defect from socially optimal strategies better
approximates the difficulties individuals face in environments berfeéxternal enforcement.

We find the impulseto place strict parameters on environments depicted as anarchic
inconsonant Such methodology surely serves the theorist more than the theory. In contrast, our
approach incorporates the greatest difficslt@sed in the literature thadividuals face when
forming groups to better utilize scarce and contestable resources while at the same time
providing individuals with certain basimeans in overcoming the social dilemma in which we
place them.This endles us to observe institutions that subjects create themselves rather than the
execution of institutions that we impose.

While the variety of strategies in a dynamically repeated game precludes the computation
of a narrow set of Nash equilibrium strategex ante we postulate several conjectures related to
several observable outcomes. First, we hypothesize thdlldhiek treatment will be more
efficient on average than thidobbestreatment. We determine féiciency by the ratio of units
placed intoe relative to the total number of units available. Following the terminology in
Skaperdas (1992), we define dAfull cooperatio

6

a &
economy are placed & More formally, efficiency at time is defined asE, = kgl , where

a X

k=1
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at:, . A
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6
A xisaways144° The faverage efficiencyod
k=1

claim that protective associations lead to a social order serves as the foundation for this
hypothess.

of cour se, every experimental iftesto of a
applied context in which the theory is implemented (Smith 2002, 2008). If we observe that our
economies in this first laboratory experiment regularly deviate fbmz i ck6s phi |l os«
argument, then only with more observations under a madeiety of environmental and
institutional conditions will it become possible to deduce with more confidence whether these
systematic deviations are due to an auxiliary hymthen how an experiment is implemented
or due to the circumstance that the foundatic
facts of human sociality.

Second, we hypothesize that a single group will emerge iNdzektreatment that will
eventudly include all active membersAccording to Nozick, a monopoly on force can emerge in
the market for protection without the help of artificial entry barriers, as this market is both
relative and violent. In other words, the value of a protective asisociss determined
according to its relative abilities compared with competing associations. Furthermore, this
competition is violent, so joining the association with an absolute advantage in violence is
pertinent for the rational consumer. Simply statedii c ust omer s wi | | not st a
good and competing compani es aNoack mgectgréstthati n a
as one group becomes relatively more powerful ftgrivals its members will either terminate
the remaimg individual$® or find it beneficial to provide protective services to the unaffiliated
members to reduce the risk of conflict.

Third, we hypothesize that the ability to communicate in real time allows subjects to
coordinate better on cooperative strategies and settle their conflicts, resulting in higher efficiency
in our Hobbestreatment relative to the observationsowell andwilson. As mentioned above,
Ostran andWalker (1992 find that allowing subjects to communicate can lead to a pronounced
change in rates of cooperatioithe other difference between ddobbestreatment andPowell

and Wilsonis that we allow subjects twansfer units voluntarily. We incorporated this feature

15 A total of 1 unit in each of twdlozicksessions was lost in the ether when a subject transferred multiple units. As
0.7% of the total number of units, we do not find this to be a consequential software glitch.
'8 Following Powell and Wilsor{2008), wedéf ne fit er mi nati ond as occurrixng when
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into our baseline treatment primarily to further limit the differences between treatments to focus

our comparative analysis. We alsoddagld t hi s f eature in recognitd.i
t h atjo seGyre an initial agreement on positive claims to goods or to resource endowments,
some transfer of goods or endowments may be r
goods or endowments may have to take place before a sufficiently atedy@abé for property
claims can be est abl i sThoaughd wdulB seennthat thenadditi®n ob |, p .
these two features reduces the comparabilidwell and Wilsonwe do ind the results of our
Hobbestreatment closely approximatieeirswith a few exceptionaoted below

V. Anarchy, State, or Utopia?

In reporting our results, we first formally test our hypotheses regamdorick and
Hobbestreatments. To convey a deeper level of the rich interactions in these societies, we next
summarze our twelveNozickand Hobbessessions using evidence from chat transgrgdtsng
with general observations about each session. Each session desalgatincludes a chart that
displays the allocation of units between the three uses at each sétbadession.The charts
for the Nozicksessionsontain a line plot of the Herfindaklirschman Index of concentration
for each moment of the sessitn. This quantifies the extent to which a single protective
association emerges in the session. Finally,offer qualitative remarks to organize the general

patterns that we observe.

A. Testing Our Hypotheses

Efficiency

In assessing our hypotheses, we find several surprising results. In terms of efficiency, the
Nozick sessions displayed uniformly low levetd cooperation with only one sessioNG)
achieving efficiency greater than 50%. THebbessessions on the other hand were either
highly efficient H1, H2) or dismally inefficient K3, H4, H5, andH6). Table 1 reports the
efficiency levels of the sixNozick sessions along with thélobbes sessions® Using a
nonparametric Wilcoxon rank sum test, we fail to reject the null hypothesis that the average

7 We calculate the HHAs the sum of squares$ the percentage shamf units under the control of each group at
any moment oftime. Subjects who were not part of a group were cauasea group of oneThus the HHI at the
start of each sessi@ontainssix shares

18 The relative comparison betweBlnzickandHobbesdoes not change significantly when average efficiency of the
sessions is broken down into halves or thirds.
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efficiency of theNozickandHobbessessions are equally efficieWys = 20, p-value = 0.5909,

onesidedtest).

Table 1. Average Efficiency
Session | Nozick | Hobbes
22.7% 60.6%
34.4% 88.2%
17.6% 11.6%
26.7% 14.7%
13.3% 13.7%
51.4% 21.8%
Average 27.7% 35.1%

OO |WIN|F

The twoNozicksessions in which full cooperation aro$¥2(@nd N6) led to moderate
levels of efficiency but the remaining four were low. Subjects in both sed$lbbandH2 were
able to attain full cooperation very early in their respective sessions. Because the life of a
laboratory economy is necessarily finite, uslikhe naturally occurring world in which time
mar ches on, a frequently raised question is w
so they can conform to the outcome predicted by our hypothesis concerning the higher
efficiencies of the Nozickiasocieties. If so, why did sessidi& andN6 not need more time to
reach 100% efficiency? And why did sessibtisandH2 need such little time? Apparently, our
experiment is sufficiently long enough to generate a variety of outcomes, which is exaatly
we need to help us to understand what factors account for better or worse performance in these

economies.

Group Formation

In terms of group formation, thidozicksessions were marked both by cooperative and
conflictual tendencies. Contra the isMile hand process proposed by Nozick, we do not observe
an inevitable tendency for the subjects to form a single group. This was most strikingly evident
in sessiorN3. Not only did the single group break back down into several subgrouipalso
therewas no change in the amount of plundering before or after the overarching group formed.
Moreover, Sessiond2 and N4 developed a relatively stable equilibrium of two distinct groups

for most of their respective sessions.
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Our Hobbes Treatment Bowell and Wilsoa s

Contrary to our hypothesis, we find no evidence that the ability to communicate in real
time allows our subjects to coordinate better and settle their conflicts relative to the similar, but
communicatiorree exercise ifPowell and Wilsn (2008). Comparing our 6 sessions with their
8 sessions, one of our sessions is the most efficient at 88.2%, and another is the most inefficient
at 11.6%. Not surprisingly then, we fail to reject using a Wilcoxon test the null hypothesis that
the averge efficiency of the two experiments are equally efficiangd = 31.5, p-value =
0.8375, onesided test). Succinctly put, communication is not a sufficient solution to this

particular problem.

B. Summary of Nozick Sessions
Session N1

Very few groups formed ilN1 There were numerous attempts to start groups by a few
of the subjects but almost all of these invitations were rejected. The group formation that
occurred was sporadic and shiiwed, and no group formed until after the esment was past
the twothirds mark.

The average efficiency was also very low in this session (22.7%) due to constant
plundering, and two subjects were terminated. An interesting development occurred towards the
end of the session with at least thodeghe active subjects proposing a truce. One subject said,
Ahey guys | isten i got a way to increase our
increase per sec. no one attack each is,t her . o
but the session ended shortly after these comments. It was not apparent at that time thdt they h

reached an agreement.



15

Session N1

Total Number of Units

1 301 601 901 1201 1501 1801 2101

] Defense Units B Offense Units
== Earnings Units ——HHI

Session N2
Two groups emerged almost immediately in this session. Both groups pooled their
offensive capabilities, and in each group, one of the subjects took the lead in offering advice on
how to utilize this feature of the experimental interface. Abouttbind of the way into the
session, two groups had emerged with three members each.
One group focused, though not exclusively, on increasing their units of defense and held
the rest of their assets in earnings, while the other group put nearly all of theimtmieither
offense or defense at any one time. Eventually, one subject had the idea of a truce by stating in
the groupdbs private chat room, Afeveryone SHOL

group to further decrease their offensive unit$ tesulted in no parallel behavior by the other

group. Later the same subject wrote a messag
be an agreement between everyone. see no one
othergroupthe r esponded in the public chat room, #fAs

The two subjects who had communicated a truce in the public chat room then went back
into their respective group chat rooms and prompted their group members to put all units into
earnings. One of the subjects asked for a signal of trust from the other group by asking them to
itake your units out of offense so i can tru

subject began to pool more and more units into earnings. Othe gfroups even suggested a
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trigger strategy in case the other group defected. However, all subjects eventually put all units in

earnings and abided by the agreement.

Session N2

Total Number of Units

1 301 601 901 1201 1501 1801 2101

C—Defense Units B Offense Units
== Earnings Units ——HHI

Session N3

Group membership in this session was erratic with members acceptitafioma but
then leaving the group soon after. As a result, groups were not very stable. It appeared that
subjects did not develop a sufficient level of trust within groups as there was very little offensive
pooling. At the same time, the number of eteawas quite large, and the average efficiency
suffered as a result (17.6%). There was no indication of any interest of a truce. No clear leaders
emerged among the subjects to instigate such an outcome or even to coordinate attacks. One
person was termated.

It is interesting that the majority of the chatting took place in the public chat room versus
private group chat rooms. An especially interesting development occurred when all six subjects
were part of the same group just over halfway throhghsession. Yet this led to no observable
decrease in plundering! The group eventually dissolved. There was no attempt at cooperation at

this time or any other in this session.
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Total Number of Units

Session N3

1 301 601 901 1201 1501 1801 2101

C—JDefense Units
= Earnings Units

mm Offense Units
——HHI

Session N4

Two groups formed about a third of the way through this sessiThese two groups
contained two members each until about halfway through the session. At this time, both groups
invited one of the remaining two members. The two groups did not coordinate their attacks in
any systematic way. Pooling occurred ocaaally but was sporadic, as the groups never came
to an agreement on who would attack and how they would distribute the plundered units.
Attacking was mostly uniform across the session though efficiency did improve towards the end

of the experiment.

Efficiency was relatively low in this session (26.7%), and one person was terminated. By

the end of the session, four of the five active subjects were in one group, which may have been
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why efficiency started to rise towards the end of the session. Thesenavexplicit attempts to

cooperate, however.
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Total Number of Units

Session N4

1 301 601 901 1201 1501 1801 2101

I Defense Units
3 Earnings Units

[ Offense Units
——HHI

Session N5
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This session had a similar pattern of group development to Sé&&ioRor about half of

the session there were two groups with two members each. There were no explicit attempts to
pool offensve resources within the groups.

member and finally a fifth member. The remaining sixth subject never joined the group. By the

Eventually, one of the groups acquired another

end of the session, this remaining subject was attempting to plunder but vids tinget

through the defenses of the five combined subjects. The large group pooled more of their units
into earnings as the session reached its conclusion. However, overall efficiency was quite low

(13.3%) due to the earlier plundering. Like the favevious sessions, there was no attempt to

communicate a truce among the subjects.
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——Defense Units
= Earnings Units

m Offense Units
—HHI

Session N6
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This session started like much of the others with two groups forming. One of the groups

was especially well coordinated and quickly pooled their offensivabilifpes. This led to a
t he

significant amount

in this group proposed a truce by inviting the others to join their group. This led two of the

of plundering

remaining three members to join what e s ubj ect

remaining subject joined as well.

From the halfway mark on, efficiency steadily climbed. By the end of the session, all

available units were in earnings. Note that this session and S&&iare the onlyNozick

sessions where full cooperation emerged.
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Total Number of Units

144
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90
72
54
36
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1

301 601 901 1201 1501 1801 2101

Session Né

1 Defense Units

mm Offense Units

= Earnings Units ——HHI
C. Summary of HobbesSessions
Session H1
The first posted message in

t hi

S
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session

thereafter, another subject proposed an agreement to stop predatioohh f er i n g,

al | put ours in earn and

subjects discussed and agreed to.

not t ake

from

i how

each

At one point during this discussion, a subject tried

unsuccessfully to take from another subject, hig tvas the last attempt at predation in the

session.

T

he sub

someone get s gr ee

jects

agreed

dy everyone el

cooperation shortly after thelfway mark in this session.

Total Humber of Units

1

301 601 8901 1201 1501 1801 2101

Session H1

Period

0O Defense Units
8 Offense Units
@ Earnings Units

not

S e
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Wi

take fr
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Session H2

Predation was largely absent in this session relative to the others. In fact, only 23
attempts to plunder occurred in this session.
agreement to stop conflict very early in this session. The sanexsalgo proposed the strategy
of taking units away from anyone who continued to hold units in offense. The proposal did not
work, however, and the subjects continued to attack each other. Several began to recognize,
however, that they could do bettetith ey al | refrained. For examp
all make a |l otmore if you stop [attacking] .o

After testing several parameters of the experimental environment, several subjects
attempted to persuade others to invest fully in earnings. Onecsuwias concerned that the
subject who organized the agreement was maki:i
your i dea i want to know how much you are ma
more then everybody.dD tdheodperndte or opl itddd, ef
this point a third subject came to the defens
money] its becuase he got more questions rigl
allocated. Thy continued to discuss the fairness of the distribution of earnings and whether
subjects should return units they had previously taken

Full efficiency was reached less than a third of the way through the session. This
efficiency was interrupted onignce during the remainder of the session when one subject broke
the agreement by successfully taking from another subject. The plundered subject immediately
responded by taking a unit back. There were no more takings for the remainder of the session.

The subjects in this session were very concerned about distributive issues. There were
several proposals for ways to improve the distribution, but some noted the difficulty in
determining who owed compensation to whom, because everyone had stolen fronmesveryo
One subject suggested that everyone should have an equal amount. Another subject told
everyone to fAgive back whatever you stole. o

transferring units to compensate for previous takings for the neleaof the session.
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The most notable feature of this session was the lack of chat. The first message did not

appear unti

some uni
subjects
Subject

that t hey

t

4

t he

0 6 udgst, subfeds pbsted semegal simhar rmessagesgprompting

S t

to redis
dont ©be

al | Aput

second hal f of t he

tribute units voluntar
greedéhe or she needs
everythng in earnings.

sessi

0

on

y .

t

session. Efficiency was persistently low and never went past the 50% mark once the session

began.

Total Number of Units
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90
72
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36
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1

301 601 901 120115011801 2101

Session H3

O Defense Units
8 Offense Units
@ Earnings Units

Period

Session H4
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After several minutes, the participants began chatting, and one subject was terminated
earl y. One subject proposed, Awant to make &
and doesnt take from anyone and jussisntabootal | ect
possible agreement, and several subjects said they would comply. However, one subject held out
and did not respond even when directly addressed by the other subjects. The subject rarely
engaged in conversation. When he did, it was uncldeat he meant. For example, he
interjected fAgame overo in the midst of a dis
thought that if all subjects begin to cooperate, the experimenter would end the session arbitrarily
or perhaps that refraininfipom dialogue would increase his bargaining power (See, for instance,
Schelling 1960).

After the halfway mark, the subjects discussed making an agreement without the holdout.
They come close to agreeing on a contract, but it is unclear if they ellgrrneade one. For
instance, one subject complained that they could not make money if the holdout continued to
take from them. In the remainder of the experiment, the subjects pleaded with the holdout, who
remained silent. This session was particulanieresting because all subjects clearly desired
agreement except for one, yet this one subje

effective obstacle to implementing it.

Session H4

144 4
126
108 -
90 ~
72 4
54 4
36 4
18 4

0

0O Defense Units
8 Offense Units
@ Earnings Units

Total Humber of Units

1 301 601 8901 1201 1501 1801 2101

Period

Session H5
Communication began early in this session, as a subject propmsaeration by asking,
AWhat would happen i f we al/l j ust put everyth

proposed a cooperative agreement by asking, A
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of us and depositing all our offenseenar ni ng and not attacking. o
continued to take from each other. The initial instigator for cooperation raised the idea again
saying, il vote we put it 100% in earningso ¢
earning® o Four of the subjects agreed but att el
session. One of the two subjects who did not agree to the cooperative agreement did not send

any messages during the entire session.

Session H6

The subjects did notbenmunicate in this session until after the halfway mark. Soon after
they did, they began to discuss a cooperative agreement. The establishment of such an
agreement never took place, however, and the session was particularly nasty, brutish and short.
Three subjects were terminated. Two of these s
transferred units from one of the remaining

person 5.0



