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Abstract

This paper studies the effect of social relations on the convergence to
the efficient equilibrium in a 2x2 coordination game. We employ a 2x2
factorial design in which we explore two different games with asymmetric
payoffs and two matching protocols: “friends” versus “strangers”. In the
first game payoffs of the worse off player are the same in the two equilibria,
whereas in the second game, this player must sacrifice her own payoff for
achieving the efficient equilibrium. Results show that “strangers” coor-

dinate more frequently in the efficient equilibrium than “friends” in both
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games. Regarding network measures, (such us degree in, degree out and
betweenness) they are all positively correlated with the strategy which
leads to the efficient outcome except clustering. In addition, envy is a
salient factor in explaining efficient convergence.

Keywords: coordination, efficiency, envy, experiments, friendship,
social networks.
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1 Introduction

There exists a growing interest on how group identity and social distance can
influence subjects’ behavior in different economic environments. In fact, in
many laboratory experiments, participants can see each other before, during
and after the experiment and may well be friends or acquaintances. Obvi-
ously, this physical and emotional proximity of the experimental subjects may
affect individuals’ behavior. Group identity has been explored in the experi-
mental literature in different ways. Some authors (Brown-Kruse and Hummels
(1993), Cadsby and Maynes (1998)) introduce a previous questionnaire where
the information is shared with the rest of the subjects as to create a “sense
of membership” among individuals in a group. Kirkwood and Solow (2002)
run an experiment with groups comprised of members of an already-existing
group—the Iowa Marching Band. They find that the higher the social iden-

tity, the higher are contributions in the Voluntary Contributions Mechanism.'

IThe Voluntary Contributions Mechanism is a Public Good game in which contributions
are solicited by a central agent and the level of public good provided is determined by the



Croson, Mark and Snyder (2003) use fraternities and sororities memberships
as experimental subjects. They show that creating a sense of group identity
among women increases efficiency and equity in public goods games but this
group identity among men decreases these measures.

In the Ultimatum Game context, Henrich (2000) shows that subjects from
Machichuenga communities are willing to accept very low offers. Branas-Garza,
Cobo-Reyes and Dominguez (2006a) find similar results for gypsies from a Span-
ish community. Those results seem to support the idea that group identity can
lead to a more efficient outcome.?

Despite some contributions regarding anonymity (see Hoffman, McCabe,
Shachat and Smith (1994), Hoffman, McCabe and Smith (1996) and Bohnet
and Frey (1999)), the existent economic literature on the measure of social
distance is very scarce.®> Recently, some authors are using social networks to
properly analyze the role of social distance. Leider, Mobius, Rosenblat and
Quoc-Ahn (2006) analyze the effect of “friendship” in donations in Dictator
Games, illustrating that dictators give more to “friends”. Branas-Garza, Duran
and Espinosa (2005) replicate this result under weaker conditions, dictators
know that the recipient will be a friend with a certain probability. Also, Branas-

Garza et al. (2006) find that giving is positive correlated to “social integration”

(measured as betweenness centrality). Goeree et al (2007) find that giving is

sum of these contributions.

2Subjects from the same community are ready to accept very unequal distributions while
results in the Ultimatum Game with strangers show that offers below 20 percent are more
likely to be rejected (diminishing the efficiency of the outcome).

3The term “social distance” is defined by the Encyclopedia of Psychology (2000) as “the
perceived distance between individuals or groups”.



inversely proportionate to the network distance between dictator and recipient.
These studies, which use not only group belonging but also the architecture of
relationships, indicate that altruism increases with “friendship”.

This paper uses recent experimental devices to elicit social networks to ex-
plore strategic situations which, as far as we know, have not been yet analyzed
in the economic literature. Specifically, this paper tries to analyze the effect of
“friendship” in the outcome obtained in a coordination game.

In games with a unique Nash equilibrium, each player should have no diffi-
culty conjecturing his opponents’ actual moves (from a theoretical perspective).
However, in games with multiple Nash equilibria, agents may have difficulty
conjecturing the behavior of others. To solve this problem subjects require co-
ordination. Miscoordination can lead to inefficiencies that are hard to reverse.
Many approaches to the selection problem have been used. One approach is to
look at features of equilibria and choose those that are desirable, for example
those which are payoff dominant equilibrium (see Harsanyi and Selten, 1988).
A second approach is to ask which equilibria are more likely to be reached by
adaptation or evolution (see Fudenberg and Levine, 1998). The third one tries
to infer what selection principles players are using by putting them in experi-
ments and observing what they do (see Van Huyck, Battalio and Beil, 1990 or
Van Huyck, Battalio and Rankin, 1996).

This paper goes one step further in the analysis of coordination games in two
different ways. On one side, we analyze how relations established by individuals

in a social network may influence the sort of equilibrium subjects converge to,



when efficiency is confronted with equality (or self interest). On the other side,
we study the effect of the standard measures of social networks on the probability
of playing the strategy which leads to the efficient outcome.

To this aim, we propose a two step experiment. For the first step, we use
the Branas-Garza et al. (2006b, BCJP hereafter) mechanism to elicit the latent
social network. Once the social connections are obtained, in a second step, a
coordination game is conducted.

We explore two different games:

i) Players face a coordination game with two different equilibrium payoffs.
The first one is efficient but payoffs of the row player are double than those of
the column player.* The second equilibrium is egalitarian, that is, both players
have the same payoffs. This game states a trade-off between an egalitarian and
an efficient outcome.

i1) As in coordination game %), in the second there is an efficient equilibrium
in which payoffs of the row player are double than those of the column player.
However, in the second equilibrium, payoffs of the column player are higher than
those of the row player. Thus, the column player must sacrifice her payoff to
achieve the efficient equilibrium.

The above literature on social networks and group identity illustrates the
positive effect of individual behavior on social “values” such as altruism, equity,
fairness and so on, that is, other regarding preferences in positive aspects.

This paper adds two counterexamples of the above literature. Our results

4In this paper, efficiency is measured based on the theory of the transferable utility, that
is maximizing the sum of individual payoffs.



show that:

i) Friends coordinate at the efficient equilibrium in 60% of the cases, that is,
a situation in which Player 2 accepts to earn half of Player 1 (his/her friend).
Surprisingly, strangers coordinate at this equilibrium in 100% of the cases.

1) When subjects have the possibility to alternate in order to reduce inequal-
ity (in the second game since each player is better off in a different equilibrium),
friends miscoordinate in 46% of the cases, whereas strangers do only in 28% of
cases.

One feasible explanation for these results is envy. It is sensitive to think that
this factor is more important among peers than among strangers. To study if
this reasoning is valid, we design an additional step in the experiment in which
we obtain an envy index for each subject. Afterward, we develop an econo-
metric analysis on the effect of social networks measures, the envy index and
some sociodemographic variables (obtained through a questionnaire after the
experiment) on the achievement of the efficient equilibrium. We find that most
network measures are significant. Those related to social integration as degree
and betweenness affect positively the efficiency, while the effect of clustering is
negative. As regards envy, it has a negative and highly significant effect on effi-
ciency. Moreover, this effect is higher for “friends” than for “strangers”. Finally,
sociodemographic variables are overall not significant.

The rest of the paper is organized as follows: section 2 describes the ex-
perimental design and research hypothesis. Results are presented in section 3.

Finally, section 4 concludes.



2 Experimental design

The experiment was conducted in three stages.

2.1 First stage: BCJP

In the first stage, subjects participate in the elicitation mechanism suggested
by BCJP and revealed their friends. In this mechanism, subjects are invited to
reveal their friends’ names, together with a valuation (from 1 to 4) measuring
the strength of the relationship. According to the mechanism, subjects are
rewarded with a fixed price either a) if a randomly selected link is bidirectional
and if the strengths corresponding to this link are sufficiently close or b) if they
do not name anybody. In this step, experimental subjects did not know that

they were going to play a new game after the elicitation (several days later).

2.2 Second stage: coordination games

In the second stage, subjects played a 2-player coordination game were the most
salient feature was that we controlled the matching: friends versus strangers.

We designed two alternative payoff tables (see Figure 1).



8, 4 3, 3 U 8, 4 2, 2
7, 3 4, 4 7, 3 3,5
Game 1 Game 2

Figure 1. Games structure.

Each game analyzes a different sort of conflict of interests. First payoff
table in Figure 1 corresponds to Treatment 1 (Game 1). This table proposes a
coordination game where two possible equilibria arise, (U, L) and (D, R). Those
equilibria are conflicting in the following sense: while in equilibrium (D, R)
subjects’s payoffs are equal, in equilibrium (U, L) subjects’ payoffs are unequal
but the equilibrium is more efficient. That is, the column player has to sacrifice
(at a zero cost) equity in order to obtain an efficient outcome. However, in
Treatment 2 (Game 2) the column player must sacrifice her payoff to achieve
the efficient equilibrium. In this sense (and from column player’s view), we may
consider that (U, L) is a “costly” efficient equilibrium in Treatment 2 but a
“costless” efficient equilibrium in Treatment 1.

The asymmetry of the games is due not only to the fact that there is only
one efficient equilibrium, but also because we avoid other features which may

introduce some noise in the analysis of the results:



i) Risk dominant equilibria.” Some experimental results give evidence that
players are influenced by the risk dominance characteristics of games.® Thus,
the design of the experiment seeks to avoid the existence of risk dominant equi-
libria.”

i) Strategic uncertainty. We reduce this effect by making that the maximum
and minimum payoffs players can obtain with each strategy do not differ in
more than 1 experimental unit so, the problem of players choosing a particular
strategy because they assure higher expected payoffs practically disappears.

In all treatments, the roles for player 1 and 2 were randomly assigned and
also, subjects were assigned randomly to a particular treatment (game 1 or 2).
There were 25 rounds in each treatment. Matching and the role of the player
were fixed throughout the session. After each round, information about the
strategy played by their partners, own payoffs in the current round and own
cumulative payoffs was provided. At the end of the 25 rounds, payoffs were
computed and participants were paid in a private way.

For each treatment, six sessions were run in which participants were “friends”
(obtained with the above mechanism) and another six sessions with “strangers”.
Information about the matching was provided at the beginning of the experi-
ment. In the “friends” protocol, participants only know that they were playing

with a fixed friend, but not which specific friend (see next subsection 2.2.1). No

5We consider risk dominant equilibria in the sense of Harsanyi and Selten (1988).

6See for example Schmidt, Shupp, Walker and Ostrom (2003).

TAs a consequence, the only Nash equilibrium in mixed strategies for both games is
((%,% ,(%, %)) that is playing each strategy at random with equal probability, indepen-
dently of the role of the player.



one was allowed to participate in more than one session. We conducted twelve
sessions at the University of Granada with 14-18 participants per session. Sub-
jects were recruited from a public call for voluntary participation. On average,
each person earned 4 Euros for the first stage and 14 Euros for the second stage
(one-hour session). Our experiment was programmed using the z-tree software

(Fischbacher 2007).%

2.2.1 Matching

Using the map of social connections, subjects were matched for playing in the
second stage according to the following rule. For the “friends” protocol, even
groups of people who had named each other were matched together in pairs.
We try that most groups of friends (extracted from the previous elicitation
mechanism) were at least composed of 4 people to avoid reciprocity after the
experiment. The idea was that subjects were playing with a friend but they

did not know which specific friend. They could only infer that the probability

of being playing with one particular friend was T where n is the number
of components in the group of friends. However, this was not always possible
(because we needed bidirectional links to avoid deception), so we had 12 subjects

who knew exactly who was his/her pair.”

For the ”strangers” protocol, pairs were composed as follows. The first

8See Appendix 1 for the complete instructions for Treatment 1 for friends protocol. In-
structions for the other treatments and/or protocols are available under request.

9 Another problem which appears when conducting the experiment is that we need that all
pairs of friend show up for the same experimental session. Therefore, if one group of friends
was composed by four friends and a member did not show up (we drop her corresponding pair
in the game), the remainder members (2) could visually infer which was exactly her pair in
the game.

10



member of the pair was extracted from the two groups previously elicited in
the first stage. The second member of the pair was randomly chosen from a
different pool of students belonging to the School of Economics who had played
the same elicitation mechanism (BCJP) several months before (for a different
experiment) and also had signed up for the second phase of this experiment. In
this way, we have the same (network) information of participants in both pro-
tocols. Moreover, all subjects have participated in (and therefore experienced)
the same elicitation mechanism before playing the coordination game. For this
protocol, also subjects who named at least 3 friends were chosen. In this way,
we avoid the problem of selection bias given that the distribution of number of
friends named by participants in both protocols was similar. All participants
where matched with a subject randomly chosen from the pool of participants
not belonging to her network (the group of class). In sum, in the “strangers”
protocol, subjects (most of them had named at least 3 friends) played the game
against another subject who was neither in her list of friends nor in her same

class.

2.3 Third stage: envy and questionnaire
2.3.1 Envy game

This third stage was played six months after the coordination game. The exper-
iment consist in 15 dictatorial binary decisions. Subjects had to choose between
two different divisions of the money between themselves and another player

in the experiment. To avoid confusion in the interpretation of the game, in-
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structions said explicitly that the division of the money was not made between
friends. Pairs were formed by participants in the previous stage in the role of
dictators and students recruited from a different faculty in the role of recipients.
There was no reversal role, that is, subjects only played as dictators.

The structure of dictatorial decisions was taken from Charness and Rabin
(2002). The idea was to analyze how envy could explain differences in subjects’
behavior in the proposed coordination game for the two different matching pro-
tocols (friends vs strangers). Charness and Rabin propose a battery of dicta-
torial decisions in order to measure social preferences. This third part of our
experiment adapts Charness and Rabin’s structure with the aim of obtaining
subjects’ level of envy.!?

Next Figure 2 displays all dictatorial binary decisions. Dictator payoff’s
correspond to the second coordinate of each division vector. We consider
a fixed division as a start point in which the dictator is worse off than the
recipient: (600, 400). This was always the first alternative for dictators. In the
second alternative, dictators had the opportunity of obtaining more money than
recipients (in relative terms), but they had to sacrifice a positive amount to get
it. In sum, the first division of the money was fixed and the second division was
changing in two dimensions: the amount dictator had to sacrifice (lost = 0,10,
20, 30, 40) and the difference in payoffs between dictators and recipients (25,
50, 75). In all decisions we consider that choosing the second division of the

money involves envy in the Fehr-Schmidt sense. Thus, the higher the number

10See Appendix 2 for the instructions of the envy stage and the complete set of decisions
subjects faced.
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of times choosing the second possibility, the higher the players’ level of envy.'!

Difference=25 Difference = 50 Difference=75
IE)OSt (600,400) vs (375,400) | (600,400) vs (350, 400) | (600,400) vs (325, 400)
Ii(? S (600,400) vs (365, 390) | (600,400) vs (340, 390) | (600,400) vs (315, 390)
Iég S (600,400) vs (355, 380) | (600,400) vs (330, 380) | (600,400) vs (305, 380)
Iég S (600,400) vs (345, 370) | (600,400) vs (320, 370) | (600,400) vs (295, 370)
I‘_u;)st (600,400) vs (335, 360) | (600,400) vs (310, 360) | (600,400) vs (285, 360)

Figure 2. Dictatorial binary decisions involving envy.

From the 15 decisions, players were paid only for 4 of their decisions chosen

randomly. This means that subjects were paid for 25% of their decisions selected

at random. This percentage of paid decisions was also taken from Charness and

Rabin (2002), who run experiments in which participants made from two to eight

choices and knew that they would be paid according to the outcome generated

by one or two of their choices selected at random.

On average, each participant earned 15 Euros for this stage.

"' There is a similar work of Charness& Grosskopf(2001) which studies "difference aversion"
and its influence on self-reported happiness with binary dictatorial decisions.

13




2.3.2 Questionnaire

The last part of the experiment was a questionnaire run immediately after the
envy stage, in order to obtain information about personal issues, socioeconomic
variables, cognitive abilities and risk aversion. The sociodemographic variables
were age, wealth (measured as the available money per week subjects have),
education level of the head of the household, rooms in the house, people living
in the house and number of hours of work per week.

The cognitive part, was based on three questions extracted from the work
developed by Frederick (2005). We simply add the number of correct answers,
in this way the cognitive index ranges from 0 to 3 for each individual.

Regarding the risk aversion part, we used the test introduced by Holt and
Laury (2002). They consider a menu of ten paired lotteries in which the first lot-
tery (safe option) always assures a higher payoff than the second (risky option).
The dimension in which lotteries changed is the expected payoffs. Although
expected payoffs are increasing in both lotteries, the difference between the safe
and the risky lottery is also increasing. Their results show that the majority of

subjects are risk averse. We obtain a similar result.

3 Research hypothesis

Three main hypothesis are tested in this paper:
Hypothesis 1: the existence of social relationships between subjects may

have an effect on how they solve the coordination between an efficient and an

14



egalitarian outcome.

First Hypothesis is motivated by the results obtained in previous experiments
related to social networks. Findings obtained by Leider et al.(2006), Branas et
al. (2005) and Goeree et al. (2007) show that social relations have a significant
effect on individual behavior in Dictator Games, that is, subjects are willing to
donate higher amounts of money to subjects who are closer in a social network.
Therefore, a natural question arises: does the cooperative (altruistic) behavior
of subjects within their social network survive in competitive environments?.

Hypothesis 2: the achievement of the efficient outcome when it is “costly”
for one of the players may be affected by subjects relationships.

We explore the issue of coordination in situations where one of the subjects
has to incur pecuniary sacrifice for achieving the efficient equilibrium. In this
case, it is not so clear that players are going to play the efficient equilibrium
and therefore, results may be different. We test wether there is a difference in
behavior between friends and strangers in this situation.

Hypothesis 3: the network characteristics of a subject within a network
will affect her decisions in the coordination game.

We test if standard measures on social networks will affect results in the
coordination game. Results in Brafnas-Garza et al. (2007) show that centrality

increases donations in Dictator Games.
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4 Results

4.1 Costless efficient equilibrium: Friendship effect

Table 1 contains the percentage of pairs coordinating at each equilibrium in the
case of friends and strangers for Treatment 1 and 2. The table also shows the
number of cases where subjects alternate (the two equilibria) and where there

is not any defined pattern of coordination (No Coord.).!?

12Coordination in (U, L) equilibrium is defined as both the row and column player playing
strategy U and L respectively, from round 22 on (this was the maximum round where coor-
dination was achieved in all pairs which coordinate in the efficient equilibrium, the minimum
was in the first round). Coordination in (D, R) equilibrium is defined as both the row and
column player playing strategy U and L respectively, from round 22 on (the minimum was
round 14). Alternation between the two equilibria is defined as both members of the pair
playing simultaneously (U, L) or (D, R) from round 19 on (the minimum was round 3).

16



Table 1. Convergence by pairs in Treatment 1 and 2.

Game 1 Game 2

Friends | Strangers | Total | Friends | Strangers | Total
U, L (effic.) | 16 (60%) | 23 (100%) | 39 (78%) | 3 (11%) | 9 (36%) 12 (23%)
D, R 7 (26%) | 0 (0%) 7 (14%) |3 (11%) | 4 (16%) 7 (13%)
Alternate | 2 (7%) | 0 (0%) 2 (4%) | 9 (32%) | 5 (20%) 14 (26%)
No Coord. | 2 (7%) | 0 (0%) 2 (4%) | 13 (46%) | 7 (28%) 20 (38%)
N3 27 23 50 28 25 53

Recall that in Treatment 1, (D, R) is the egalitarian equilibrium and (U, L)
is the efficient one. The second and third column of Table 1 give a precise and
clear idea: friendship matters. The most salient result is that only 60% of pairs
of friends achieve the efficient equilibrium (despite being costless for the column
player) whereas the 100% of the pairs of strangers do it. This difference between
friends and strangers’ behavior is statistically significant with a Mann-Whitney
test (z = 3.431, p —value = 0.001) Thus, the existence of previous relationships
among participants do not help to achieve the efficient outcome.and therefore,
Hypothesis 1 is supported.

It is remarkable that for 7% of the pairs of friends it was not possible to

get any kind of coordination No any single pair of strangers fell in this sort of

13Note that the number of observations (N) in this table refers to pairs of subjects, not to
individual observations.
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obstinacy. However, a Mann-Whitney test does not support this idea given that

the difference is not statistically significant (z = —1.319, p — value = 0.187).

4.2 Costly efficient equilibrium: Friendship effect

The three last columns of Table 1 contain results for Treatment 2. Recall that
we have two different equilibria, one of them efficient, (U, L) and the other one
with unequal payoffs, (D, R).

Results show that the percentage of pairs of strangers playing the efficient
equilibrium nearly triples the percentage of pairs of friends playing the same
equilibrium. The difference is statistically significant with a Mann-Whitney
test (z = 2.175, p — value = 0.030). Therefore, Hypothesis 2 is supported, that
is, friends and strangers behave differently in the search of the efficient outcome
when it is costly.

Another salient feature of this setting is that friends miscoordinate more fre-
quently than strangers do (47% versus 29%) but the difference is not significant,
again using a Mann-Whitney test (z = —1.369, p — value = 0.171). Thus, we
may conclude that friendship does not erase (even increase) miscoordination.

The percentage of pairs coordinating in the inefficient equilibrium is the same
in both matching protocols. Results also show that the percentage of friends

alternating equilibria is slightly higher than for strangers.
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4.3 Costless versus costly efficient equilibrium

We explore the role of the “price” of sacrifice by merging data from both match-
ing protocols (friends and strangers). This analysis is in line with the work of
Andreoni and Miller (2002) in Dictator Games. The fourth column total (cost-
less) in Table 1 contains aggregated (by matching protocol) data from Treatment
1 and the last column total (costly) for Treatment 2.

It is patent that costless helping enormously facilitates coordination at the
efficient outcome. Results are clear: There are very few pairs coordinating in
the efficient outcome in Treatment 2. Since in this treatment column players
must sacrifice own payoffs to achieve efficiency, this result is quite sensitive.
Differences in behavior between the two treatments are highly significant (z =
—5.589, p — value = 0.000).

This result is not very surprising. Subjects value the cost of their actions.
Note that our results, although in strategic settings, are analogous to the evi-
dence on the relative price of altruism (see Andreoni and Miller (2002)).

Regarding other kind of coordination, an evident fact is that alternation of
the two equilibria only arises in Treatment 2 when each player highest payoffs
are reached in a different equilibrium. A Mann-Whitney test on the differ-
ence between the two treatments in alternating equilibria confirms that it is
significant (z = 3.124, p — value = 0.002). This evidence is in line with other
experiments on coordination in symmetric Battle of the Sexes in which alter-
nation of equilibrium is one of the patterns observed (see for instance Mckelvey

and Palfrey (2001) and Andalman and Kemp (2004) among others).
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The percentage of miscoordination is notably higher in Treatment 2. The
differences are significant at a 1% level (z = —4.155, p — value = 0.000). The
conflict in the “costly” treatment seems to be stronger than in the “costless”
one.

Surprisingly, the coordination in the inefficient equilibrium is similar in both
treatments. This may be due to the fact that the percentage lost in coordination
in the efficient outcome in the costly treatment respect to the costless one, is
shared between the inefficient outcome and the alternation of the two equilibria.

To sum up, this paper gives evidence on how friendship may drive coordina-
tion. Our experiment provides two clear results. On one hand, friends are less
prone to coordinate in the efficient outcome than strangers do. On the other
hand, friends are more prone to miscoordinate than strangers do.

One of the natural explanations we can give for these results is envy. We con-
sider that envy has much more sense with acquaintances than in pure-stranger
settings. In fact, interpersonal comparisons are more habitual among peers. We
analyze this explanation in more detail in the next section, when we study how

envy game results are related to efficiency in the coordination game.

4.4 Group behavior

In this section we develop an econometric analysis from the point of view of the
fixed pairs who played the coordination game.

We consider a Bivariate Probit Model!*. Thus, we want to estimate the joint

14 As we expected to observe a higher percentage of ones (efficient strategy) than zeros, we

20



probability that a pair (row and column player) of subjects plays the efficient
equilibrium:

where y (y¢) is the decision taken by the row (column) player which takes
the value 1 if the strategy chosen is U (L) and 0 otherwise and X; is a ma-
trix which contains the set of independent variables. The two equations which

determine the model may be specified as follows.

PyF =158 =11X) = P (e > —X,8" e > =X,87) = @ n o) (X8, X:87)

where 8% (8Y) is the vector of coefficients estimated for the decision of the

R C

row (column) player, €;*, €;

are the errors associated to each equation which are
distributed according to a the distribution, ‘I’(e R €Y of a bivariate normal. As in
our sample could be problems or heterokedasticity we have run regressions with
robust errors allowing for difference in variance between subjects. In addition,
we consider a cluster in observations from the same group of subjects, that
is the 25 observations from different rounds. To control for time effects in
the dependent variable we have consider dummies for all 25 rounds and there
are not important changes in coefficients and significance levels of independent

variables.(PONER FOOTNOTE SOBRE EL RHO, LAURA CRESPO)

Regarding the choice of the dependent variable, the reason why we decided

have chosen the probit model.
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to estimate jointly the decision of both players in the efficient equilibrium is
as follows. The aim of this paper is to analyze how social networks influence
efficiency (measure as the sum of payoffs) in coordination games. Only in the
case that both players in the pair are playing the efficient strategy, they reach
the efficient equilibrium. At the moment that one of the players decides to move
from this efficient strategy, the outcome is not efficient. Instead of taking only
two options, efficient or not, we could establish a range of efficiency in terms of
the sum of payoffs. We decided not to do so because we consider that, once a
member of the pair is not playing the efficient strategy, the fact that the sum of
payofls is greater in some specific cell, is due to the structure of the game (not
to efficiency).

As explanatory variables we consider: the treatment, the matching protocol
(friend vs stranger), clustering, betweenness, degree in and degree out, envy,
risk aversion, wealth, education level of the family head, number of rooms per
capita in players’s house and cognitive abilities. We consider that interactions
between the treatment and the matching protocol were interesting to analyze.!?

The set of variables related with social networks were obtained from the
networks elicited in the first stage of the experiment. In what follows we briefly
described them. The clustering of a given node i is defined as the fraction of

pairs of neighbors of ¢ that are themselves neighbors. The rank of clustering is

15The following variables are dummies: Treat j*Friend = 1 when the observation is from
Treatment j and Friend matching protocol, j = 1,2, Treat j*Stranger = 1 when the ob-
servation is from Treatment j and Stranger matching protocol, j = 1,2. We dropped Treat
1*Stranger to avoid perfect multicollinearity. The last dummie, Column = 1 when the subject
has the role of column player.
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[0, 1]. The betweenness centrality of a node i is defined as the fraction of all
shortest paths connecting any two nodes j and k which also pass through ¢ from
the set of all shortest paths connecting any two nodes j and k. Degree out (in)
is the number of links sent (received) by a node.!6

For risk aversion, as explained in section 2.4, subjects had to take decisions
in the set of lotteries proposed by Holt and Laury (2002). Once we have the
decisions for the whole set of lotteries, we add the number of safety decisions
taken by each player. This number give us an individual measure of risk aversion.

Envy is obtained in a similar way as risk aversion. Subjects faced a battery
of 15 binary dictatorial decisions as explained in section 2.3. Once we have the
information about subjects behavior for the 15 cases, we give to each binary
decision value 1 if it was motivated by envy and value 0 otherwise. We add all
the values obtained for each subject and we obtain an index of the individual
level of envy (rank from 0 to 15). Cognitive abilities, wealth, education level
of the family head, and the number of rooms per capita in players’s house are
obtained directly from the questionnaire. Observe that explanatory variables
are duplicated because we consider each variable for the row and for the col-
umn player.!” For instance, we have two variables which refer to each network
measure: betweenness row, betweenness column and so on.

Next table 2 displays results of three bivariate probit regressions on the

frequency of the efficient equilibrium, (U, L) played by pairs. The first three

16We computed these network measures using pajek software.

17In this way, we do not have to lose any information computing for each explanatory
variable a new value that captures both the row and the column player effect (for instance,
the mean of both variables).
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regressions contain coefficients estimated for the first equation of the biprobit
model, that is for the dependent variable being the row player decision (y%).
The last three colums of Table 2 correspond to the second equation, that is, the

case in which the dependent variable is the column player decision (y¢). Note

that the numbers in each cell are not marginal effects but coefficients.!®

18Note that there are only 3 different regressions. However as the model is bivariate, there
are 2 equations for each regression, that is the reason why thhere are 6 columns in Table 2.
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Table 2. Bivariate Probit regressions on the frequency of efficient equilibrium (U,L).

Dependent variable
Indep. vble 1) 2) 3) 1) 2) 3)
y&:1 ygzl yg:]_ ygzl yg:]_ yg::[
Envy_row -0.193* -0.202** -0.165* -0.275%**
(0.082) (0.082) (0.069) (0.069)
Envy_col 0100 | -0.062° | -0067** | -0.012*** | -0.094*** | -0.121%**
(0.030) 0032) | (0.032) (0.031) 0032 | (0.029)
Risk avers row | -0.053* 0028 | -0.042 -0.025 -0.011 -0.008
(0.029) (.030) (.026) (.028) (027) | (025
Risk avers col -0.063 0052 | -0.059 -0.039 0033 | -0.015
(0.042) (0.043) (0.044) 0.040) | (0.041) (0.045)
Cognitive_row 0.653** | 0537°** | 0532** | 0545*** | 0.494** | 0.804***
(0.146) (0.170) (0.172) (0.156) (0.173) (0.183)
Cognitive_col 0214 0.29 0.245 0.309* 0.429°* | 0.406**
(0.154) 0183 | (0177) (0.170) 04192) | (0.191)
Between_row 81949~ | 47.809** 96.935°** | 87.349°*
(29.252) (27.757) (34.399) (32.464)
Between_col 14263 | 15.622°* 23084 | 24.529°**
(6.789) (6.920) (7.183) (6.731)
Degree in_row 0.300%** 0.103
(0.105) (0.135)
Degreein_col 0.066*** 0.260*
(0.151) (0.148)
Degreeout_row 0.126 0.467***
(0.126) (0.122)
Degreeout_col 0.102 -0.258**
(0.110) (0.118)
Clustering_row -2.944%* -3.291**
(1.172) (1.201)
Clustering_col -3.359%** -5.135***
(1.035) (1.074)
—
TrearFiend |y ggzens | ygpgerx | -1g21%%* | 1871%%% | 2069+ | -1789%++
(0.477) (0434) | (0.461) (0.443) (0.403) | (0.471)
—
TreatFriend | ) oopene | goprr | -1110%% -0.758* | -0.866* | -1.022**
(0.392) (0.374) | (0.358) (0.406) (0.356) (0.414)
Treat2* Strang L8127 | -LOL4*** | -1842*% | -LABL*** | -1.723** | -1.750°**
(0.412) (0393) | (0.550) (0.386) (0.328) | (0.478)
Wealth_row 0.002 0.001 0.006 0.005 -0.001 0.012%
(0.004) 0.004) | (0.005) (0.005) (0.004) | (0.006)
Wealth_col -0.002 -0.002 0.001 -0.002 -0.003 | 0.004*
(0.002) (0.002) | (0.001) (0.002) (0.002) | (0.001)
Eg;c' r';i‘v'""y 0.198* 0.239* 0.139 0.040 0.086 0.085
- (0.112) (0.102) (0.119) (0.134) 0.128) | (0137)
Ega”:' c'f)"’l‘m"y -0.162 -0.028 -0.102 -0.298** 0203 | -0.138
= (0.138) (0.134) (0.135) (0.139) 0127) | (0.139)
Rooms per 0.294 -0.321 0275 0.247 0129 | 0.227
capita_row (0.190) 0172) | (0.174) (0.174) (0455 | (0.171)
CR;’)?{;'SEE{ 0073 0130 -0.016 -0.064 -0.055 | -0.194
- (0.181) (0223 | (0175) (0.189) (0209) | (0.172)
Hrs work_row -0.013 0106 | -0.034 -0.199% | -0.237** | -0.142
(0.080) 0082 | (0.074) (0.089) (0.093) | (0.100)
Hrs work_col 0122 -0.081 -0.065 -0.007 -0.003 0.025
(0.079) (0.084 | (0.076) (0.062) 0.067) | (0.065)
N 1525 1525 1525 1525 1525 1525

Robust standard errors are in parentheses***, ** | and * indicate significance at.p=0.01, 0.05, and 0.10, respectively.

For the econometric analysis we consider three different groups of indepen-

dent variables due to the correlation among them.

9We found that explanatory variables envy and clustering column, degree in_row and de-
gree in_column, betweenness row(column) and degree out row(column), betweenness row
and clustering row, degree in _row and clustering row are correlated two by two. We con-
clude that from the following analysis. For pairwise partial correlation coefficients higher than
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Results in Table 2 show that the variable friend has a negative and statis-
tically significant effect on the frequency of reaching the efficient equilibrium
when players are playing Treatment 1(efficient versus egalitarian equilibrium).
This effect is also negative and significant when subjects are playing Treatment
2. This result is not unexpected given results shown in previous sections 4.1
and 4.2. If we compute marginal effects, we obtain that the negative effect of
Treatment 2 (costly) is larger than that of Treatment 1 (also supported by tests
of hypothesis of previous section 4.3).

Regarding network measures, the regressions show that while the between-
ness (for both types of players) has a positive and statistically significant effect
on the efficient outcome. The variable degree out is only significant for the
efficient choice of column player and the effect is positive. Degree in is only
significant for the corresponding type of player, that is degree in of row player
only affects positively its own choice of the strategy which leads to the efficient
equilibrium. Finally, the level of clustering (for both row and column) has a
negative and statistically significant effect on the probability of obtaining the
efficient equilibrium. All these results give support for Hypothesis 3.

Clustering of an individual may be interpreted as the cohesiveness of the
group of friends of that individual. One possible explanation for the negative

effect of clustering is that subjects who have a high percentage of friends which

0.4, we consider a regression in which all independent variables are significant, including only
one of the variables which may be correlated (for instance clustering row). Then, we run a
new regression adding the variable (degree in _row) which is possibly correlated with the first
one. If the original variable (clustering row) turns to be not significant in the new regression,
we deduce that those two variables are correlated.
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are friends among them, must have a conciliatory and fair nature in order to
mediate in conflicts. In this setting, the less conflictive outcome is the one with
more equal payoffs, (D, R), so players with higher clustering will play in this
way and be less efficient.

The remainder network variables, degree out, degree in and betweenness,
may be interpreted as social integration of an individual within the network.
Thus, we may conclude that social integration affects positively efficiency.

The effect of the sociodemographic variables obtained in the questionnaire is
not very significant in most of the regressions. Cognitive abilities have a positive
and significant effect on pairs’ efficient behavior.2°

The effect of level of risk aversion of subjects (row and column) is not sta-
tistically significant (except in one case in which the significance is very weak).
We expected this result since we designed the payoff tables for strategic uncer-
tainty to vanish. Results show that the way we controlled strategic uncertainty
actually works.

Finally, the level of envy for both column and row players, plays a negative
and significant role on the frequency of playing the efficient equilibrium. If we
run a Chow test for comparing the effect of envy on playing the efficient equilib-
rium between friends and stranger, we find that we reject the null hypothesis of

equality of marginal effects (x?(1) = 0.09, p — value = 0.381, one-sided test) for

20From all sociodemographic variables there are many of them that are correlated as: {age,
course, hours of work}, {number of rooms, people living at home}, {education level of the
family head, work of the family head} . Given that most of them are not significant we have
chosen a group of them that are not correlated or interactions between correlated variables
for not presenting a too high number of different regressions.
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all regressions considered in Table 2.2! Thus, the explanation that envy is more
important for friends than for strangers and it causes the efficient equilibrium
to be played more frequently for strangers than for friends is supported by the

data.

5 Conclusions

Results show that pairs of strangers playing the game reach a more efficient
outcome than pairs of friends, showing that not only positive values arise from
social relationships. Wether Dawes, van de Kragt, and Orbell (1988), Brewer
and Brown (1998) show that group identification may cause people to place
group’s interests above their own, or Billig, Bundy, Flament and Tajfel (1971)
and Branas et al. (2005) find that subjects strongly favor members of their
experimental ingroup, our paper clearly contradicts this evidence.

Regarding social preferences, our results show that envy may be more sig-
nificant for “friends” than for “strangers”. Therefore, this suggest that the
well-known utility function by Fehr and Schmidt (1999) may be extended mak-
ing the parameters which measure envy and guilty depending on the level of
relationship with the other players involved in the game.

This work may be seen as an starting point for applying this methodolog-
ical approach to more complex economic environments. To the best of our

knowledge, no paper has analyzed the effect of social networks on non-strategic

21The p-value reported here is the minimum of the three regressions considered in Table 2.
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settings. On one hand, the structure of the network may play an important role
on the efficiency for instance. Thus, it will be interesting to study which is the
effect of social networks on the final outcome of classic strategic games such us
Prisoner’s Dilemma, Ultimatum game, Public Good games and so on. On the
other hand, standard results obtained in experiments may change if subjects
play with friends or acquaintances (instead of strangers). The latter will be

more appropriate for experiments involving social preferences.
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6 Appendix 1: experimental instructions I

Welcome to the experiment!

This is an experiment to study how people solve decision problems.

Our goal is to see how people act on average; not what you, particularly, do.
Do not think, then, that we expect you to perform some concrete behavior.

But, on the other hand, take into account that your behavior will affect the
amount of money you will earn throughout the experiment.

This sheet contains the instructions explaining the way the experiment works.

Please do not converse with the other participants during the experiment. If
you need any help, please, raise your hand and wait in silence. We will attend
to you as soon as is possible.

The experiment is described as follows. In this experiment each of you will be
divided randomly in groups of 2 people. There will be 2 types in this experiment:
player 1 and player 2. You will be assigned one of these types randomly. You
will not know who will be in your group either during or after the experiment.
The only information you have is that you will play with some of the persons
you named in the previous experiment, but you do not know who this person is
specifically.

You will play the game shown in the table below. In this game, Player 1
and Player 2 will choose separately which strategy A or B they prefer to play.
Both players will take their decisions simultaneously.

Each player makes points depending on how she played and how her partner

played Numbers in payoff table correspond to the points players may get in
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each particular situation. Player 1’s payoffs are in the above left corner in each
cell. Player 2’s payoffs are in the below right corner of the cell. At the end of
the experiment, points accumulated will be converted to money at the rate 1
point = 10 eurocents. You will play 25 rounds and your role and your partner
will be FIXED along the experiment.

After each round the following information will be shown: 1) your decision
in this round, 2) your partner’s decision in this round, 3) you payoff in this

round and 4) your total payoffs up to this round.

Flayer 2

Flayer 1

For example, if player 1 chooses strategy A and Player 2 chooses strategy A,
points obtained by Player 1 in this period are 8 and points obtained by Player 2
are 4. A different example: if player 1 chooses strategy A and Player 2 chooses
strategy B, points obtained by Player 1 in this period are 3 and points obtained

by Player 2 are 3

Summarizing:
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- You will play 25 rounds of the game shown in the above table.

- Your role will be fixed for all the experiment. Your role will be assigned
randomly.

- You only know which is your role. You also know that your partner is one
of the persons named in the previous experiment, but you do not know which
specific person.

- In each round you must decide between strategy A or B.

- After each round you will be informed about your decision, your partner’s
decision, your payoffs in this round and your total payoffs.

- 1 point = 10 eurocents

- At the end of the experiment we will pay you according to the points

obtained in all 25 rounds.
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7 Appendix 2: experimental instructions II

Welcome to the experiment!

This is an experiment to study how people solve decision problems.

Our goal is to see how people act on average; not what you, particularly, do.
Do not think, then, that we expect you to perform some concrete behavior.

But, on the other hand, take into account that your behavior will affect the
amount of money you will earn throughout the experiment.

This sheet contains the instructions explaining the way the experiment works.

Please do not converse with the other participants during the experiment. If
you need any help, please, raise your hand and wait in silence. We will attend
to you as soon as is possible.

The experiment is described as follows. You have to decide which option
you prefer between the two possibilities that will appear in the screen of your
computer. Each possibility refers to a particular division of the money between
yourself and another person. This person is not one of the people you named
in your list of friends of the previous experiment neither a student from the
Economic Faculty. What you will see in your screen has a similar structure to

this example:

Option 1: (400, 600)

Option 2: (375,250)
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Your task will be only to choose which of the options proposed you prefer.
In this specific example Option 1 implies that you will get 400 points and your
partner will receive 600 points. In Option 2, you obtain 375 points and your
partner receives 250 points.

You will take this decision 15 times, with different options that will appear
in your screen. From the 15 decisions we will pay you only for 4 decisions
randomly chosen. That is, you will take 15 decisions, from those the computer
will select 4 at random and you will be paid according to how you played in
those particular situations.

The conversion rate is 100 points = 1 euro. If you have some questions,

please raise your hand.
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