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1. INTRODUCTION

A large ar- rich body of literature has evaoived around the
concept of the socisal dilemma. In particular, social dilemms

“terature haes focuzed on the problem of individual incentivel

incomostibilities. Thiz problem arises when the incentives of a
fres and compstitive market induce rational individuals to make

cholices thast lead to sccially sub-optimal outcomes. Arn

ernvirormnent which commenly induces incentive incompatibilities is

thz one in which irndivicuals have open access to & common Po‘a’(/ E W__;/\

sisfaigders rezource (cpr). Decean fisheries are considered a prime
Ao N a ="
enemnle of sagh an environment. The incentive structure of anﬂQ:Qﬂwwwry—
coer accezs opr leads infdividuals to over invest their productive '"QﬁﬂLQC;

pzrities in mining the resource. This results in the a¢¢é—3/_4gq§
LY

inefficisnt dizsipstion of economic rents.
There are two tehavioral models which can be applied to this

1l EmmE . The first is the model ot rert
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cissigation introd.zed by H. Scott Gordon (1954). It is assumed

Lt

in this model. th=t adcitional effert exerted in mininog the
rescurce haz & negative external impact on the productivity of
the effort alread, applied to mining the rescurce. Individuals
mai.ing decisioneyzs to the amount of effort to expend in mining
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rescurce, will ignore the external effects of their decisions
end concentrate on the average return of their effort. They will
therefore exert mirmiAg effort to the point where the average

return from their effort is egual to the marginal opportunity

it

c=zt associated with that effort. Activity of this nature
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totzl dissipation of economic rents.

The secornd a0

0

.cr: tc mpdeling this social dilemma also

eszumes that adcitignal effort has a negative external impact on
the effort already enerted, but it does not assume that this
ext=rnal impact is toteally ignored. Individuals are assumed to
evaiuate the impact of their exertion of another unit of effort
or the procucstivity of the effort they are already exerting.
glivern an exgpectzaticon as to the effort levels of the other
individoeals. Thus, ircividuals will exert effort to the point
where their ma-giral return from effort is equated to the
marginsl ooportunity cocst of exerting that effort.

MRF 1w = MCiwm

Thi=s impiies there may be a Nash equilibrium sclution to the

Ecth of Ythese approaches to the cpr problem suggest that
individusals wil ignore a portion or all of the external costs
fed with exerting’an additional unit of effort. This
implies that individuals will exert effort toc the point where the
marginal revenues product of such effort is less than its marginal
opportunity cost.

MRFe % MCe

Ir the gpecial caszesz where individuals are endowed with a single
unit of effort and are faced with the binary décision, exert that

urit of effort or not exert it, or where they are endpwed with

multiple units of effort but there are mo external effects of

+]
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cr, their own pre.iode effsort, the Nazh

model will precict the samz imgividaal behavior and thus the same

srsr=gate outceore 2z the rent disszipation model. That is, the
Z.ETACE revendes -zzuct of effort will egu=sl the marginsal
conorituTity ozt oof trhat effort.

t+
.

X

ooos truly

aJsrts srg atomizgtic and am i-civicuzl’s e zrticn or #ffort woul

Fzve ro impact oo thie ajcregaste level of effort, the predictions

cf tre rof=l wroiI comverge to those of the rent dissipation
moIE L. I z=r e.cerimental setting, where the number of agente is

i
r+

r

i

nere will be a separation between the predictions of

the hNashk and rermt dissipation models. This separation will be

exploited i the experimental analysis.
Triz pape” will reglicate the symmetric Nash design

nte deszcribed in Walker, Ostrom and Gardner {(1989). In
that papsr, the authores found that the experimental environment
imduced the dissipation of a significant portion of the available
economic rents. EBut, the subiects never stabilized at the zero
rents prediction forwarded by bordon (19%54). A second
chbzervation was that, in the aggregate, rents were dissipated to
the point predicted by the Nash eguilibrium solution. Though
there was this result, the individual decision pattern predicted
by the Nash equilibrium was not achieved.

There are two gquestions which are not addressed by the

4



ber, Detros ¢ Dardner (19389 paper which will be addressed
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Nash equilibrium was not attained in the

expz-iments of Wslber et al, the data was not examined to see if
individuals wetrrse o ths=ir reaction fonctions. One or two
subtects acting witt non—RNash behavior would prevent the group

£ or. i:hievi%g trhe predicted eguilibrium, even i+ the others

Thus, even if the Nash egquilibrium

ca5 bes ressected, can the weakesr proposition of individual Nash
ctrategizing be supported? The second gquestion is related to how
well the Wsikess et al environment approximated am .open access
Environment., Waz rent dissipstion limited by the

iocn of the experiment?

Duz to the computer hardware constraint faced by

gxpErimenters, it is not possible to increase the subiect grouo
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Thus,. the open access environment in

Gordon™s 119348) paper can only be approximated. One way of
afpprovimsticg o2 Ccpsn oacoese neture 1s to incresse Lhe token
erdbwmEn . oz ingreszsing each individuslts encowmant lead to a
Ziczar approsimeilcocr ot Gorcorn’s predicted outcome®

Seciizn I of tmis paper will describe the esxperimental

er.ivonmert vzed to tezt the research questions. Section III
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ch guestions from their underlying

~etical foundatiaons. CSection IV will summarize the

W
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g..asrimental results and tests, and section V will coove, Lhe

sumTary and conclusione,



I1. THE EXFESIMENTAL ENVIRONMENT
A. The Subliects

The subisect=s irn a11 of the expsriments were drawn from

imtroductory microceEConomics classes at Indiame University.
Besorzs ootenmtial =zubiests were ached to volunteer they were told
thzat trey would ke expected to make decisions in a simuliated

Ti o Eenviranment., They were alsc told that the money they

made during the eszpsrimentzs would be dependent upon thelr own

n

desoizsicns azs #ell a

the decisicnse of the others participating in

the experiment. The wvolunteers which were chosen, were &ali
t-simed in ths decizion ervironment with a 20 period run cof the

Ezsglire enperimenta: design. A total of 24 subjects were
trzimed. Al dats reportec was generated from subhiecte who were
e.cerience ir the decflision enviromment.

The exge-iments were computerized and run on the FLATO
computer terminel cluster at Indiana University. All of the

te-minals wsre secarated by Llinders, allowing for a ma:imuam

em-unt of prissty to the subibiects. The use eof & computericzced
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the uniformity of conditiones faced by
zbiecte from esperimental run to experimental run. It also
imimizes the interaction between the experimenter and the

=zutdectes, thu= minimizing the transference of experimenter’s

B. The Experimental Design

ffter the subiects were checked in and assigned FLATO
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they were allowed to proceed into the .

g.pariment, they were told verbally, by the ewperimerter, the

m

smoortance of rescing and understanding the ensuing computerized
inztructions. In addition, they were toid that payments would be
mads 1in cas=h ard in private &t the cconclusion of the experimentg
a~d that orce they had started reading the instructions, they
suld make no noises or communications. I+ they had any

ticn

que

1
1

. the subiects were told they should be addressed toc the
~ .
erperim=nter.
The computerized i1nstructions explained the specifics of the
particolar decisicn enviraonment in which the subjects would be

The experif=rnt w

1]

s a multi-period game, where each

individual wes endowsd each period with a number of tokens (Yi=) .

The individual hac to 1nvest these tokens between twe
experimental markets. Market 1 was a market which vielded a
constant rate of retwn on every token invested. Market 2, the

Cpr. yielidsd

fu

rate of return dependent upon the aggregate
investment level in market 2. Each individual received an
individual return in proportion to his investment in market 2.
The subiecis had acceses to a limited amount of information.
This intormation consisted of the explicit functional form of the
market 2 productiorn function, as well as a table of wvalues which

summarized the production function. At the end of each perind

the subjects were given a listing their persornal earnings for



at psricd, broren down to show their total returns from each
mar .et, as well z= the total investment level in market 2. Their
personal investment histeory was accessible through out the
e oeriment. '

Ths twc desigrns of this experiment are distinguished by the
engowmenrt ilevel. In the first decigrn the individuals were
encowed with 10 tokens. In the second,design the individuals

B 1 =4

were endowsed with 25 tokens. In each design the subiects knew
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ants were in the experiment. In the secand
design, before the start of the experiment, all individuals were
explicitly inmformed that they would be paid at one half of their
exper-imental esrnings. This was to egualize the potential per
period gayoffe at the MNash egquilibrium. To minimize the effects
of possible collucive behavior outside of the experimental
enviranment no group was reassembled, in its entirety, in a
secand experiment, ncor were they told in how many experimernts

thev would participate.

II1. PREDICTIONS

A= outlirned in the introduction there are two thearetical
framewprks which can be used to predict the outcomes of the
experiments previously described. Those two frameworks are the
rernt dissipation model and the Nash model. Thi=s section will
take those two models and combine them with the explicit
parameterizatiors uced in the experiments to yield testable

predictions.



A The Nash Model
The Nash equilibrium 15 & cancept which assumes that
individual agents act in such a way as to maximize their

individual profits contingent upon the activities of all

invo:ved. #An o eguilibrium is attained when each agent’s

m
z
m

ctations of the actions of the group as a whole are
conzisternt with the actual actions of the group.

In the cass of the experiments there were eight agents, each
of whom were endowed w;th either ten or twenty five tokens
(depesnding upon the particular experimental design). These
tokens were gerneric productive inputs for two different
produciimn\processea (market 1 and market 2. The productive
procezz in market 1 was such that each token invested was

transfocrmed intoc an output valued at five PLATO cents.® The

-

output of the procductive process 1n market Z was contingent upon
the aggregate level of tokens invested 1n market 2, and the
individual agents praduction of market 2 output was strictly
proportional to his investment of tokens into the production
process} Each output from market Z was valued at one PLATO cent.

An individual’®s revenue R(%) was the simple sum of his

1In the first design, where the agents were endowed with 10

tokens each period, there was a one to one exchange rate between
FLATO dollars and U.S. dollars. In the second design, where
individuals were endowed with 25 tokens each period, there was an
e:thange rate of one hal¥ to one between FLATO dollars and U.S.
dollars. This was to equate per-period earnings between the two
designs at the Nash equilibrium.

I
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producticn o marreet 1 and market 2 outputs multiplied by their

rezpective pricez Py,

R* = F3[Y¥Y11l + FaY=zas [alV¥=as - b(IZY=za)}=]
LY =4
Where: i = 41,2, ..._.8_
Yes — Iz agent i’s investment of tokens in market k.

Eince the agente were encdowed with these generic production
nite, anc sirnce there was no cost associated with investing the

towens, esch ac

T

i

m

coste of production were zero (C(%) = Q).
nis lesves orofite ni¥), the difference between revenues and
costi=, Egqual to revenues Ri¥x). VYielding:

mi¥Y:s) = 5

Yo — ¥al + Ya [a{T¥s) — bB(ZYs)=]
Y

r1

th

Where: ¥ - 1= the agents endowment of tokens.
I

Ys — Is agent i’s investment in market 2.
(Yo = ¥Ya) = Yaia.
Fa =5 arngd Fz = 1.

I1f agerntes acted as if they were Nash type agents, they would
zstrive tc maimize their grofit function subject to their
expectations of the aggregate investment 1n market 2. Thus,

their investment strategy in market 2 must satisfy the fallowing

necessary first order condition where:

n

dim(¥a)) = a - 5 — 2b¥Yas — bEYs = O

oY
Where: 3 = {1,2....,8) and J ¥ i, or everyone e:xcept agent
i’s investment in market 2.

[The second order conditions for maximization are satisfied due



1o the sgecific Zuzdratic form of the market 2 production

furnction, ]

Splving for Ya yieids the reaction functionm for agent i:

Ya = {a - 5) -

1E{ZYa).
2b 2

Where Ei¥} is the individuals expectation relation.

Inzerting ths parameter values used in the experiments for
the market Z production function, of a = 2%, and b = .25, the
ree;ticﬁ function becomss: !

Ya, 1f © £ Z2& - JSE(ZVL) 2 Y=

o
Ya = G, 1f O F 346~ JSEIEYa)
5

Yo, if Yo » T4 - .

Thu=s, Yi will masimize individual i1°s profits when his

1]

aggregate market Z investment 15 consistent

0

espectatiorn of th
.

with the actual m

1]

3

|
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investment. A Nash equilibrium can be
ackieved only when all agents’™ expectations of group investment
levels are comsistent with actual levels. 'If all agente”’
e:pectationsz are cornsiztent and they are investing according te
their reactiocn functions, they would be masximizing their profits
arn? would have no incentive toc move from that point. It is this
imcentive which generates the equilibrium.

Sirnce the individual agents 1in the experiment are facing the

same revenue and cost structures, they will have the same

resction functions. This will yield a system of eight equatioens.

10
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ezwilibrium condition® results in:

Ya = 346 - 3.5(Y1)

1

- Ys = 8, for i = {1,2,...,87

Simply s=t=ted, there is a symmetric Nash equilibrium where all
agents are invezting eight tokens in market 2.
The Nash eguilibrium concept vields three propesitions:

~

N The aggrezate investment level in market 2 will be
&4 tobens per period.

23 Each irdividual will invest B8 tokens when
eguilibrium is attained.

R Inrdividuals will invest on their reaction
functiaons.

The first two propositions were examined with some detail in

W

iy

lker et &l (198%:,. The third proposition is not necessarily an
equilibrium'cohditimn. It is only a behavioral aspect reveled by

agentse who uzs the Nash strategy.

B. Rent Dissipation

The rent diszipation modzl predicts that agents will invest
in market Z to the point where the average returr to tokens
invested in market 2 is equal to the marginal opportunity cost of

investing those tohkens, The opportunity cost of investing tokens

2This equilibrium solution is independent of the token

eridowment only as long as the endowment of each individual is not
such that the agent®s choice set does not include the symmetric
sclution., If the solution were to predict an investment of 12
tokensz when agents were endowed with only 10 tokens, the solution
woold not be in the agents choice set.

11



i marke:r T iz thz return theose same tokens would generate in
maret 1. In both designs of the experimen%a market 1 returrned a
constant S FLATS cents per token invested. This yields a
marginal return in mar-ket 1 of S cente for every token, or a

~ =

mzrgirnal cost of investing in market 2 of O cents.
The return 1n market 2 is conditional on the aggregate

imnvestment level 1in market Z.

t = aL¥s — b(ZYa1)=

Which yield an average return of:

ARF= = ¢ = aZl¥s — b(EYs)=
Y1 LY
or .,
ARF2 = a - bIVYa
Inserting the e:perimental values of a = Z% anc b = .25, and
solving for ARF=z = MCD yields: =
27 —.25ZY. = §
or
Yy = 72,

-

The rent diszipation model predicts amn aggregate market 2
investment lewvel of 72 tokens. This prediction is i1ndependent of
the aggregate endowment of tokens, as long as it exceeds 72. In
the first experimental design., where the individual’®s endowment
i 10 tokerns, achieving the rent dissipation model’s predgctich
reguires an aggregate investment of 90% of the total available
tokens in market 2. EBecause of the small group size and the

large investment reguirement, one individusl’s investment



cersely effect the rent dissipation model’™s

-

predictions. Tz viclates the open access concept. To address
thi=s issue the second experimental design with a 20 touen

encowment was ruon. In the second design rent dissipaticon pccours
with an agcgregate investment level equal to only 33% of the total

avallable tocrens. Thus, no one individual contrels enough tokenc

to prevent marke> Z7s rents from being dissipated.

IV. EXPERIMENTAL RESULTS
A. The Aggregate Investments

The first guestion addressed by the aggregate invectment
patterns of the siv experiments is that of rent dissipation. The
model! predicte an sggregate investment level of 72 tokens. As
prezented in tabkle 1, in the three design 1 experimentsy where
individuals were endowed with 10 tokens each, a simple twoc tailed

iecte that aggregate investment is as predicted by

means test r

M

theory in all three runs. Thece tests were conducted at an alpha
level]l of .05, with the critical t = 2.042,

The concern 1s. though, that the design 1 experiment does
not apgroximate the open access environment required by the rent
diceipation theory. The design Z experiments, where individuals
were endowed with 25 tokens each, were designed to overcome that
cConcerri. In all three runs of design 2, the means test failed to
reiect that the aggregate investment levels were significantly

different from that predicted by rent dissipation theory. Again

the alpha level waz .05, but the critical t = 2.0856. The

12
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citterences 1nm *

¢ t-statistice is due to the differerce in the number

’

of periods in tne two designs. !

The pooled deszign 2 data also failed to reject that the

agoregate invectment level was significantly different from that’

predicted by the rent dissipation model.

TABLE 1
Experiment Y ¥ — Y Y — Ymp
1St byl &7 .355 S.333 ~-4,667
(7.345) (—-&.428)
1GLky 02 &1.767 -0.2F3 -16.23Z
(—0.Z7M (—-1&.241)
10tk G2 &L 63 1,633 -B.3&7
(1.965) {(—10.067)
25tk &5, 400 6. 8400 ~Z. 600
(2.351) (-1.322)
2t gl 73,000 11.000 1.000
(2.986) (0.271)
b SR 6B T00 6. 300 =2.700
(3.0BD) {(-1.80%)
pococled 64,4272 2.422 -7.578
1054 (5.092) (~15.93%)
Foocles &%. 7487 7.767 —2.233
25t} {4.46866) (—1.Z42)

Pl

The design i1 experiments show the same tendency commented on

in Walker et al (19EZ?), that is,

the aggregate investment levels

are not significantly different from the Nash equilibrium

prediction. Thie is evident in the second and third runs of

design 1. It is this pheromenon which spurred the first look



otz the 1mdiwvidusl agents investment strategies.

B. Individual Behavior

With a close inspection of the individual investment
strategies of design 1| subiects, even though their aggregate
investment was az predicted by Nash equilibrium, in no period did
their 1ndivicual investment strategies equal that predicted by
Nazh eguilibrium. In none of the ninety periods, the three 30
pericod runs of design 1., did all individuals invest B tokenc.

This does nsot repudiate that individuals act to maximize
rrofits subsiect to espectations of group investment. It only
indicates that the individual expectations do not become
corsistent with one another.

In order tarinvestigate whether individuals invest on their
reacticorn functione, estimations as to how individual expectations
are formed are needed. In this paper two expectation schemes are
used and their rezults compared. The 41irst 1s to assume
irdividuals are able to forecast perfectly the current periods
investmernt level. Though thie not a reasonable assumption it is
a8 useful extreme. In fact, individuals may have complex
e:pectation frame works which closely approximate perfect
foresight. The second expectation scheme is an adaptive format,
where individuals assume the current periods investment will bE\
the same as that of the last period.

Under these two expectation schemes, the two reaction

functions faced by individual subjects become:



Yie, if 0 £ 36

.S(EYax) < Y=

Yae = 0, if O F Té& ~ JS{EYae)
Y=, if ¥=r 36 -~ .S(EY¥s«)
ernd,
f1ey 3F O £ 36 — T (IYsre—-12) £ Yo

Yie O, if O » 36
Yo, if Y=r 36

S (EYsce—13)

S {EY s cxe—2123).

'

From these definitions of the reaction functions it i1s possible
to predict the per—period investment strategies of the indiwvidual
syt izerts., Table Z shows that in the design 1 experiments
subiects are investing within 1 token of their reaction function
predictions betwesrn 20% and 474 of the time. In the design 2
experimente the subiecte are not as close to tﬁeir reaction
function prediction=. This is fairly intuitive considering the

design 2 experiments induced more rent dissipating behavior.

Table 2
EXFERIMENT ND.
10t 1 10tk 2 10tk 2 25tk 1 25tk 2 25tk; 3
-1 Y =" 1 7= 10% 109 is 12 . J0
YA 0% L8, S 9% e 197
L
o A s P 73 108 1403 12 18 2&
%o T4% /7% 447 % 134 17%

Y oisg indiwvidual investmernt level.
Y i2 the current gericd reaction function prediction.

T

Yrd«e—1» 1= the lagged orme period reaction function prediction.

These results indicate there is a tendency for individuals

to imvest near the levels predicted by thelr reaction functions,

146
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not ind.cate whether individuals are consistently
investing at thelir reaction function levelse. A simple means test
vias employed to compare each i1ndividual’™s investment strategy
aszinst the twc reactionm functions. For 146 af the 24 subjects in
dezign 1 experiments, the test rejected they were using either of
the Nash strategies. This contrasts with the surprising result
that the test only rejected Nash strategizing for 11 of the 24

cgezign 2 =subijects.

Table 3
]
Experimert  Subject Y - Ye £t Y = Yrce—1> t

10tk 1 L= 0. 200 0.447 0.190 0.570
” 1.767 4,175 2.017 5. 868
T C. 587 1.822 1.121 2.069
3 2.3e3 S.476 2. 603 7.270
< 2,133 4,951 2.138 S.474
& 2.587 &.B41 2.607 6.716
7 1,933 4.729 1.897 4.944
£ L8467 7. 689 2.776& B.074

10t D 1 -1.150 -4.126 -1.102 -5.055
= -0, 983 -2.54¢ —0.845 -2. 483
T -0.417 -1.449 -0.3&2 -1.099
4 -2.250 -7.380 -2.276 -9.128%
g 7. 023 —6.996 -1.931 -&.855
& G . S50 3.29% 0.569 3T.12¢
7 -1.817 -5.565 —1.500 -4.2464
g -0.487 -1.508 -0.224 -0.79%

10tk 1%* -0.373 -0.515 -0. 207 -0.358
oww ¢.ITE 0.851 0.293 0.808
3 -1.200 —2.621 -1.155 ~2.312
4 -1.067 .610 ~-1.29%2 -3.765
5 1.533 =.20= 1.293 4,890
& 1.000 z. 059 0.9371 3.108
7= 0.532 .T63 0.464 1.034
ge= 0.150 0. 400 -0.034 ~-0.087

17



Experiment Subsect Y - Y. t Y = Yo cee1s

25tk 1 1 &L 200 4,324 5.711
2 4,725 3.395 I.52
e 1.750 1.4622 0.842
4= 4,050 2.989 . 658
o> -0 400 —0.348 —2.053
& S.400 2.700 4.3468
Wi O, 050 0.045 -0, 4858
g** 0,000 Q. 000 -0.816

S5t T 1 7.175 4,935 l7.552
2 7.2875 . 203 7.97%
S —0O.105 -0.07Z -0, 289
& . 600 2.151 Z.474
o> 0. 750 —0.bt4 -0.632
& L2295 1.98= 2.895
7* Z.850 1.959 F.711
= . 300 Z. &98 9. 737

25tk 3 1 4,450 4_042 4.153
s 2.12% 2.211 2.211
= 4,275 5.079 {4,579
4*> 1.460C 1.71%9 1.500
o= -0.250 -0.16&6 -0.737
L** 1.075 Q.924 1,057
7 4.2590 . 009 4.447
g=- 0129 0. 1467 .23

% rot sigrificantly different from one reaction function

1.820
-0, 474
1.260

2.488
0.323

¥¥ not sigrificantly different from both reaction functions

In both designs, Nash strategizing behavior can only be

rexected 1n S4% of the cases.

strategizing 1= descriptive of individual behavior,

tunctions were descriptive 82% of the time.

that a perfect foresight model

In the 46%

is a fairly descriptive

approximation of the individual’s expectations function.

.

18

of the cases where Nash
both reaction

This may indicate



V. CONCLUDING REMARKS AND COMMENTS

The experimsrtial evidence shows that increasing the token
eméjwment trom 10 to 5 tokensz increased the rent dissipating
behavior of the erperimental groups. This may be because the 10
toker endowment adversely affected the experimental design’s
abkility to appro<imste an apen access environment. The rent

gizesipation model! predict a consistent group investment of 72

. This conststency is never achieved. The

m

grouo investment fz2llc erratically around the predicted level.
This erratic hehavier leacds to questions about the
rategiesz which may have caused the unstable
gotrecate investment., Ir investigating the individual
strateciz=s, Mzs=m %type behavior was observed on ths part of some

individuszsls. Ju=t under half of the subiects showed signs of

Wash stratecizincz.
The teszts were fa- from conclusive and they were ambiguous

4

== to which of the tws models best describe the cpr environment.

I

Eupport was found fgr both., This could be because agents sct in

bﬁth marrer =, Thiey make prafit maximizing decisions as long as
trey see inhe benefitsz from the efftort exceeding the costs of
forecessting. Wher their =subiective forecasting costs exceed
sotential bersfits the individuals revert to the less complex
taek of using the ARF az an apprexzimation to their individual
MRF. This would lead them to full rent dissipatiorn. Only a few
individuals would have to revert to dissipate all economic rents,

i¥ their endowment ie large enough. Individuals moving between



the two strates:esz would cause the erratic nature of the group

investment leve:l=.

3
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