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Abstract

This paper studies voluntary public good provision in the laboratory, in a cross-cultural experiment conducted
in the United States and Japan. Our environment differs from the standard voluntary contribution mechanism
because subjects first decide whether or not to participate in providing this non-excludable public good. This
participation decision is conveyed to the other subject prior to the subjects’ contribution decisions. We find that
only the American data are consistent with the evolutionary-stable-strategy Nash equilibrium predictions, and that
behavior is significantly different across countries. Japanese subjects are more likely to act spitefully in the early
periods of the experiment, even though our design changes subject pairings each period so that no two subjects
ever interact twice. Surprisingly, this spiteful behavior eventually leads to more efficient public good contributions
for Japanese subjects than for American subjects.
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1. Introduction

Culture and national character have played a central role in explaining differences in business
management and performance across countries, both in the popular press and in management
research. Theoretical research in economics, however, almost universally ignores cultural
differences, although recent laboratory research has identified the potential role of cultural
norms in influencing economic outcomes—particularly in the context of bargaining (e.g.,
Buchan et al., 1999; Kachelmeier and Shehata, 1992; Roth et al., 1991). The cultural
influence may arise through differences in fairness norms. For example, these norms could
lead to preferences for roughly equal earnings for equal effort, often referred to as difference
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or inequality aversion (e.g., Fehr and Schmidt, 1999; Bolton and Ockenfels, 2000). Or if
someone feels that they are being treated unfairly, this feeling may trigger a spiteful response;
i.e., “a malicious desire to harm ...another person.”! If this desire is triggered by harmful
actions of the other person towards oneself, this spiteful response should be viewed as
(negative) reciprocal behavior.

In this paper we examine spiteful behavior and cultural differences by studying voluntary
public good provision, in experiments conducted in the United States and Japan. Our envi-
ronment differs in three ways from the standard linear voluntary contribution mechanism
(e.g., Isaac and Walker, 1988). First, we employ two-person groups. Second, the payoffs
from the public good are nonlinear. Third, and perhaps most importantly, subjects decide
whether or not to participate in funding this non-excludable public good in an initial stage,
and this participation decision is conveyed to the other subject prior to the subjects’ contribu-
tion (or “investment”) decisions. In other words, a non-participation decision is essentially
an announced commitment to free-ride on the other’s contribution.”? This two-stage structure
allows reciprocity-motivated subjects to punish non-participation decisions by their oppo-
nents. We find that Japanese subjects are significantly more likely to punish their opponents
for non-participation, even though our design changes subject pairings each period so that
no two subjects ever interact twice. Surprisingly, this spiteful behavior eventually leads to
more efficient outcomes for Japanese subjects than for American subjects.

Laboratory researchers often study reciprocal behavior using the ultimatum game. In
the ultimatum game a proposer offers a split of some surplus to a respondent, and the
respondent can either accept the proposed allocation, or reject it so that both players earn
nothing. Although the ultimatum game might be the simplest environment to study spite,
the public goods game that we employ is interesting because spiteful behavior can transform
the incentives facing players. For example, we show that the spiteful behavior exhibited
by Japanese subjects in the second stage contribution subgame following non-participation
leads to average monetary payoffs that differ substantially from the Nash equilibrium. In
fact, these realized payoffs make participation a dominant strategy in the first stage even for
those subjects who care only about their own monetary payoffs.? By contrast, participation
is not a dominant strategy in the first stage based on realized payoffs for American subjects,
because they are less likely to act spitefully in the second stage.

While such cultural and nationality differences are inconsistent with the standard income-
maximizing objective usually assumed in economics, such differences have been well doc-
umented in psychology, sociology and anthropology. A few researchers in economics and
management have also studied cultural differences. For example, Buchan et al. (1999)
present a detailed review of the literature on cultural differences in bargaining and in psy-
chology, highlighting how this research suggests that culture influences fairness norms. They
then provide laboratory evidence from ultimatum bargaining that supports the hypothesis
that Japanese subjects prefer more equal earning distributions than American subjects pre-
fer.* Their findings are consistent with the interpretation in our experiment that “unfair”
non-participation decisions are more likely to invoke a spiteful response by Japanese sub-
jects who chose to participate in funding the public good.’

Although Saijo and Nakamura (1995) and others document substantial spiteful behavior
by Japanese subjects, not all evidence supports the hypothesis that Japanese subjects act



SPITE IN PUBLIC GOOD PROVISION 135

more spitefully than their western counterparts. In their ultimatum game study, Roth et al.
(1991) find that Japanese subjects’ rejection rates (controlling for the offer amount) are
no higher and are sometimes lower than American subjects’ rejection rates. Brandts et al.
(1999) do not find significant differences in public goods contributions across two European
countries, the United States and Japan, and Okada and Riedl (1999) do not identify signifi-
cant differences in behavior for a coalition formation game conducted in Japan and Austria.

One possible source of the mixed results in previous economics experiments could be
other differences in university subject pools. In nearly all previous experimental economics
research that studies cultural differences, subjects are recruited from one university in each
country. We believe that it is important to determine whether between-country differences
are greater than within-country differences in order to identify cultural or nationality effects
confidently. We therefore collect data at two universities within each country. Our results
indicate that nationality differences have a greater influence on outcomes than within-
country university subject pool differences.

Of course, the mixed results regarding significant cultural differences in economics ex-
periments could also be due to differences in experimental designs. For example, as noted
above Brandts et al. (1999) do not identify significant cultural differences in a volun-
tary public goods contribution experiment, whereas we do identify differences in spiteful
behavior between Japanese and American subjects. The two experiments differ in mul-
tiple dimensions, so one can only speculate regarding the source of the differences in
observed outcomes. Brandts et al. (1999) employ a “contribution function” approach in
which subjects make ten different contributions each period in a linear public goods en-
vironment, with each contribution corresponding to a different marginal per capita return
(MPCR) to public goods contributions. Their public good is funded in a four-player single
stage game, and they identify spiteful behavior as less than full contributions for the cases
where the MPCR makes full contribution a dominant strategy, as in Saijo and Nakamura
(1995). In all cases they consider, either full contribution or zero contribution is a dominant
strategy.

By contrast, in the present experiment no contribution level is a dominant strategy because
the public good environment is nonlinear, and subjects make a single contribution decision
each period. But even more importantly, in our study subjects interact in two-player groups
and we employ a two stage game with an initial participation decision, and we identify
spiteful behavior through non-Nash contribution decisions in response to nonparticipation
decisions of one’s opponent. Thus, the two stage, two-player game in the present study
makes it easier to identify spiteful behavior than in the one stage, four-player game of
Brandts et al. (1999). Other differences between the two studies could also explain the
differences in results.°

2. Experimental environment, design and hypotheses
2.1. Environment

In the first stage of our public goods provision game, subjects simultaneously choose whether
or not they participate in the provision mechanism. In the second stage, knowing the other
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subject’s participation decision, subjects who selected participation in the first stage choose
contributions to the public good.

Two subjects, a and b, may each fund the public good and subject i(=a, b) has w; units
of initial endowment of a private good. Each subject who participates in funding the public
good must allocate w; between her own consumption of the private good (x;) and her
public good investment (y;). From the total public good investment, each subject receives
Y = Ya+Yp+w,, where w, is the initial level of the public good. That is, the non-excludable
public good available for consumption by each subject is the sum of the investments of two
subjects and the initial level of the public good. Note that non-participants who choose not
to fund the public good still consume it, as is the usual case for the voluntary contribution
mechanism. Each subject’s decision problem is

max u;(x;,y) subjectto x; +y; = w;,

where u; (x;, y) is subject i’s payoff function. We use an identical Cobb-Douglas type payoff
function to transform contributions toward the public good and consumption of the private
good into each subject’s payoffs: u; (x;, y) = xf‘y“"‘, where o € (0, 1). Using a monotonic
transformation, we employ the following payoff function:
ey ="

50 =+ 500.
Our experiment sets (w,, wp, wy) = (24,24,3), « = 0.47, and B = 4.45. With these
parameters, if both subjects participate in funding the public good the Nash equilibrium in-
vestment pair of the game is (3, y») = (7.69, 7.69), and the payoff level is u; (%;, ¥) = 7089,
where %; =24 — 7.69 =16.31 and ) = J, + » + w, = 18.38. The Pareto efficient level of
the public good is determined uniquely by the Samuelson condition and the feasibility con-
dition. Its symmetric contribution level is (y;, y;) = (12.02, 12.02). Therefore, the Pareto
efficient level of the public good is 27.04 =12.02 + 12.02 + 3. Clearly, the level of the
public good with the voluntary contributions is less than the Pareto efficient level of the
public good, which is the standard problem of this provision mechanism.

The situation just described represents the case in which subjects have already committed
to participate during stage 1. However, Saijo and Yamato (1999) demonstrate that a wide
class of mechanisms for funding public goods exists in which subjects have incentives not
to participate, including this mechanism based on voluntary contributions. Therefore, this
mechanism is not voluntary from the viewpoint of participation incentives.

Consider now the following two-stage game. In the first stage, subjects simultaneously
decide whether or not to participate in funding the public good through this mechanism.
In the second stage, subjects decide how many units of their initial endowment to invest
after learning the other subject’s participation decision. Notice that non-participation is
different from zero investment with participation. Once a subject decides to participate
in the mechanism, his opponent must choose her investment without knowing the other
subject’s investment. But if a subject chooses non-participation, then his opponent knows
that he invests nothing.

In our experiment, subjects choose integer investments. If both subjects decide to partic-
ipate in the mechanism, then the Nash equilibrium of that subgame is for each subject to

ui(x;,y) =
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Table 1. First stage participation payoffs based on Nash equilibrium investments in the second stage.

Player 2
Player 1 Participate (p2) Not participate (1-p2)
Participate (p;) 7345, 7345 2658, 8278
Not participate (1-p1) 8278, 2658 706, 706

Notes: Payoffs are based on Nash equilibrium second-stage investments
of (8, 8) when both participate, (0, 11) and (11, 0) when only one partic-
ipates, and (0, 0) when neither participates. The subgame perfect Nash
equilibria of this initial stage participation game are participation proba-
bilities for players 1 and 2 (pi, p2) of (1, 0), (0, 1), and (0.68, 0.68). The
unique Evolutionary Stable Strategy (ESS) is (p1, p2) = (0.68, 0.68).

contribute 8, and each earns 7345. No other Nash equilibria arise due to our use of a dis-
crete strategy choice set. If one subject participates in the mechanism and the other does not,
then the participant maximizes her payoff at y; = 11 and earns 2658. The non-participant
invests nothing and earns 8278. If both choose not to participate in the mechanism, both
subjects receive 706. These subgame payoffs are displayed in the first stage normal form
game payoff table shown in Table 1.

The game in Table 1 is a version of the well-known Hawk-Dove game, sometimes referred
to as “chicken.” Although the usual representation of the public good provision problem is a
Prisoners’ Dilemma game, the proper representation is a game of chicken once participation
in the funding mechanism is a choice variable. Two pure strategy Nash equilibria exist: in
one player 1 participates in funding the public good while player 2 opts to not participate,
and in the other player 2 participates and player 1 does not. In the mixed strategy Nash
equilibrium, each subject i chooses 0.68 as her participation probability p;. Among these
three equilibria, the mixed strategy equilibrium is the unique evolutionary-stable-strategy
(ESS) equilibrium.”

Note that the subgame with one participant and one (announced) free-rider is similar in
some respects to the sequential best-shot game (Harrison and Hirshleifer, 1989) although in
our game the sequence of contribution decisions is endogenous. In the best-shot game, the to-
tal public good contribution is the maximum of the two players’ contributions. In equilibrium
the first player contributes zero—analogous to the non-participant’s announced contribu-
tion of zero in the present game. The second player—Ilike the participant in our game—then
makes a contribution that will benefit both players. Harrison and Hirshleifer (1989) find
support for the Nash equilibrium of this game, which as in the present game involves sub-
stantially higher payoffs for the free-rider than for the contributor. Prasnikar and Roth (1992)
and Duffy and Feltovich (1999) show that this support for equilibrium play extends to com-
plete information conditions. All of these studies use American subjects, and in the role
of the second player these subjects exhibit very little spiteful behavior (punishment) when
facing a zero contribution by the first player.® This finding is consistent with the non-spiteful
behavior that we observe in our American data. Andreoni et al. (2002) present a two-player
sequential summation public goods game, however, in which subjects frequently punish the
other player. In this game the amount of the public good provided equals the sum of the
players’ individual contributions (as in our game), and the first player can commit to a low
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Table 2. Summary of five laboratory sessions.

Session name University Country
Tsukuba Univ. of Tsukuba Japan

usct Univ. of So. Calif. United States
Tokyo Tokyo Metro. Univ. Japan

Tokyo’ Tokyo Metro. Univ. Japan
Purdue Purdue University United States

Notes: Each session employed 20 subjects for 4 practice periods and 15 actual
periods. Subjects were randomly re-paired each period.

20ne subject in the USC session misunderstood the instructions, and her choices
are removed from the data prior to the analysis.

bThe instructions wording in the Tokyo session differed slightly from the other
4 sessions as a robustness check. In the Tokyo session the phrase “the person
you are paired with” replaced the phrase “your opponent” everywhere in the
instructions, record sheets, questionnaires and payoff tables.

contribution. Unlike the best-shot game, such low contributions in the summation game are
often punished by the second players, which leads the first players to deviate from the Nash
equilibrium and contribute. Although Andreoni et al. (2002) use American subjects, this
behavior is (qualitatively) similar to the spiteful behavior we observe in our Japanese data.

2.2.  Design and procedures

We conducted three sessions in Japan and two sessions in the United States. As shown
in Table 2, we conducted sessions at two different universities in each country.” Twenty
subjects participated in each session for a total of 100 separate subjects. Each subject was
randomly paired with each other subject one at a time—a so-called “strangers” design. The
same game was repeated for 19 periods, 4 for practice and 15 for monetary reward, so as not
to pair the same two subjects more than once. No subject had prior experience in a public
good provision experiment.

The twenty subjects in each session were seated at desks in a relatively large room, and
each had a randomly chosen identification number. These identification numbers were not
displayed publicly. Each subject received an experimental procedure sheet, a record sheet,
payoff tables, 15 investment sheets, and 4 practice investment sheets. Instructions were
given by tape recorder to minimize the interaction between subjects and experimenters.

In each period we made ten pairs out of the twenty subjects. The pairings were anonymous
and were determined in advance. Before choosing their investment, subjects decided whether
or not they would participate in funding the public good. These decisions were collected by
experimenters and then redistributed only to the paired subjects. No information (such as the
total number of participants) or decisions were publicly announced. After this redistribution
of the participation decisions, subjects who decided to participate in the mechanism chose
their investment on an investment sheet by circling an integer between 0 and 24. In order
to not reveal the number of participants and to obscure the participants’ identity, non-
participants also filled out this investment sheet, circling the phrase “Not Participate.”



SPITE IN PUBLIC GOOD PROVISION 139

Experimenters collected these investment sheets and then redistributed them only to the
paired subjects. During the redistribution, subjects were asked to fill out the reasons why
they chose these numbers. After the redistribution, subjects calculated their payoffs from
the payoff tables. Then the next period started.

It was common knowledge that every subject had the same payoff function. We distributed
three kinds of payoff tables to minimize the likelihood of any possible misunderstanding, and
all of the 100 subjects were able to readily calculate their payoffs following the instructions
and practice periods.'? Table 3 is the detailed payoff table provided to subjects: the rows are
for the subject’s own investment numbers and the columns are for the opponent’s investment
numbers. We also presented a rough payoff table summarizing average payoffs for sets of 9
or 12 payoff cells shown in Table 3, as well as an iso-payoff map. Most subjects indicated in
their post-experiment questionnaire that they used the detailed payoff table (Table 3) only.
We gave subjects three minutes to study these three payoff tables before the practice rounds
and ten minutes to study them before the real rounds. The payoff function and tables used
for practice and real rounds were different.

The sessions in Japan were conducted in Japanese, and the sessions in America were
conducted in English. The instructions and forms were translated from Japanese to English
by the two bilingual co-authors. The exchange rate used to translate payoffs from Japan to
Americawas $1 = 100 Yen = 3030 experimental points.'! Sessions required approximately
2 hours to complete. The mean payoff per subject was $26.75, the maximum payoff was
$38.75, and the minimum payoff was $12.25.

As mentioned in the introduction, our use of two university subject pools in each coun-
try is an important feature of the design, given our objective to study cultural differences.
Differences in results for any two universities could be due to subject pool effects unrelated
to culture and nationality. To establish a significant cultural difference one must show that
between-country differences are greater than within-country differences. We should also
highlight the fact that there exist important similarities between sets of universities across
countries. Purdue University and the University of Tsukuba both have a major emphasis on
engineering and science and are both in (relatively) small “college towns” with predom-
inantly university-resident students. By contrast, Tokyo Metropolitan University and the
University of Southern California are both situated in major urban centers with many off-
campus “commuter” students. Subject pool differences other than nationality and culture
are therefore substantially lower within these sets of universities, and these other subject
pool differences are considerably greater within countries.

2.3.  Hypotheses

Our first task is to determine if behavior differs across university subject pools within the
two countries. After establishing that within country differences are minor and usually
insignificant, we then test the following null cultural hypotheses.

Hypothesis 1. The participation rate is equal across countries.

Hypothesis 2. The mean investment per subject is equal across countries, (a) condi-
tional on one subject participating and (b) conditional on both subjects participating.
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The second set of equilibrium hypotheses is based on the theoretical discussion above.
Because we reject Hypotheses 1 and 2 in favor of significant country effects, we test the
following hypotheses separately for each country.

Hypothesis 3. The rate of participation is 68 percent, corresponding to the mixed
strategy ESS participation rate.

Hypothesis 4. (a) Conditional on one subject participating, the mean investment for
the participating subject is 11 units; and, (b) conditional on both subjects participating,
the mean investment per subject is 8 units.

Finally, we test whether the total surplus realized in this public good provision mechanism
is different across countries.

Hypothesis 5. The overall efficiency is equal across countries.

3. Results
3.1.  Preliminaries—Within-country differences

Result 1. The participation rates and the mean investments conditional on one subject
participating are rarely different across universities within countries. The mean investments
conditional on both subjects participating are sometimes statistically different across uni-
versities within countries, but these differences are typically less than one investment unit.

Support. 'We compare behavior across sessions using random effects models of the par-
ticipation decisions with a probit model, as well as separate investment choice models
for the subgames with two participants and with one participant.!> We estimate separate
regressions for each pair of sessions, and include session dummy variables. When these
dummy variables are not significantly different from zero we conclude that behavior does
not differ across sessions. For the four within-country session comparisons (USC versus
Purdue, Tsukuba versus Tokyo, Tsukuba versus Tokyo’, and Tokyo versus Tokyo’), we find

e participation rates are never significantly different (¢-statistics are always less than one);

e investment levels with one subject participating are only significantly different between
the Tsukuba and Tokyo sessions (¢ = 2.20) and are not significantly different in the three
other pairwise comparisons; and

e investment levels with both subjects participating are sometimes statistically different
across sessions due to a low within-subject variance, but mean investments across all five
sessions are quite similar (7.40 in Tsukuba, 7.00 in USC, 6.77 in Tokyo, 7.61 in Tokyo’,
and 8.07 in Purdue).

Cason et al. (1998) presents the details. We therefore conclude that differences within coun-
tries are minor, and turn our attention to the more significant differences across countries.
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Figure 1. Participation rates.

3.2.  Between country comparison

Hypothesis 1. The participation rate is equal across countries.

Result 2. Hypothesis 1 is rejected in the final third of the sessions.

Support.  Figure 1 presents the participation rate by period, pooled across sessions within
each country. In the first half of the sessions the participation rates are often similar across
countries, but in the final third of the sessions the American participation rate is always
below the Japanese participation rate.

A pooled random effects probit model strongly rejects the hypothesis of no country
differences (f = 3.05). We also compared participation frequencies across countries for
each individual period using Fisher’s exact test. This nonparametric test rejects the null
hypothesis of equal participation rates at the five-percent significance level in periods 6, 11,
12, 13, 14 and 15.13

Hypothesis 2. 'The mean investment per subject is equal across countries, (a) condi-
tional on one subject participating and (b) conditional on both subjects participating.

Result 3. Hypothesis 2(a) is rejected but Hypothesis 2(b) is not.

Support.  Figure 2 presents mean investments by the participating subject when only one
subject participates, along with standard error bands. This figure indicates that investments
with one participant are lower in the Japanese sessions, by about two units on average. The
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Figure 2. Mean investment when only one subject participates.

data strongly reject Hypothesis 2(a) when pooling across periods with a random effects
model (¢ = 4.56). Moreover, a nonparametric Wilcoxon signed rank test conducted period-
by-period rejects Hypothesis 2(a) at the five-percent level in periods 3, 8 and 11.

Figure 3 presents mean investments when both subjects participate. These data fail to
reject Hypothesis 2(b), indicating no systematic differences in investments across countries
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Figure 3. Mean investment when both subjects participate.
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when both subjects participate (pooled random effects model + = 1.89). Taken together,
the rejection of Hypothesis 2(a) and the failure to reject Hypothesis 2(b) suggest that the
differences in behavior across countries arise mainly from a differing propensity to employ
a negative reciprocal (i.e., spiteful) response to an opponent’s non-participation.

3.3.  Equilibrium hypotheses

Hypothesis 3. The rate of participation is 68 percent, corresponding to the mixed
strategy ESS participation rate.

Result 4. Hypothesis 3 is not rejected in the American data, but it is rejected in the
Japanese data.

Support.  Figure 1 shows that the participation rate in the Japanese data exceeds the mixed
strategy ESS prediction of 68 percent in every period after period 1. The participation rate in
the American data fluctuates around this mixed strategy equilibrium, exceeding the equilib-
rium rate in about one-half of the periods. We test the null hypothesis that the participation
rate is 68 percent using a binomial test, with individual subjects as the unit of observation.
The Japanese sample has 60 subjects. Under the null hypothesis that the participation rate
is 68 percent, the probability of observing 48 or more participation decisions out of 60
(80 percent) is less than five percent. The Japanese participation rate exceeds this critical
5-percent threshold in periods 5 through 7 and periods 10 through 15. The American sample
has 39 subjects (recall that we omit the confused subject in the USC ssssion). Under the
null hypothesis that the participation rate is 68 percent, the probability of observing 32 or
more participation decisions out of 39 (82 percent) is less than five percent. The American
participation rate exceeds this critical value only in period 4.

Tests of a mixed strategy equilibrium based on aggregate choice frequencies may mask
differences across individuals’ choice frequencies that may or may not be consistent with a
mixed strategy equilibrium (Brown and Rosenthal, 1990). We therefore also examined the
overall participation rates separately for each of the 99 subjects. The mean participation rate
among the 60 Japanese subjects is 0.80 (12 of 15 decisions), and the median participation rate
is 0.87 (13 of 15 decisions). The corresponding mean and median participation rates for the
39 American subjects are 0.69 and 0.73. Fifteen of the 60 Japanese subjects (25%) and 5 of
the 39 American subjects (12.8%) were apparently using a pure strategy, as they participate
in 15 out of 15 periods. Note that the ESS rate of 0.68 implies on average slightly more than
10 participation decisions. Only 14 of the 60 Japanese subjects (23.3%) participate 10 times
or less, while the other 46 Japanese subjects (76.6%) participate 11 times or more. Using
the 60 separate subject observations, the Japanese data reject the ESS prediction of 0.68
at better than the 0.0001 significance level using the non-parametric Wilcoxon signed-rank
test. The frequency of participation rates below and above the ESS prediction is more equal
among the 39 American subjects—17 (43.6%) below and 22 (56.4%) above. Consequently,
a Wilcoxon test does not reject the ESS participation rate in the American data (Wilcoxon
p-value =0.61).
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Hypothesis 4. (a) Conditional on one subject participating, the mean investment for
the participating subject is 11 units; and, (b) conditional on both subjects participating,
the mean investment per subject is 8 units.

Result 5. Hypothesis 4 is not rejected in the American data but it is rejected in the
Japanese data, although the evidence against Hypothesis 4(b) is relatively weak in the
Japanese data.

Support. Figure 2 shows that the average investment with one subject participating falls
below the prediction of 11 for both countries, but investments are lower in the Japanese
data (Result 3). Figure 4 displays the frequency distribution of investments with one subject
participating, pooled over all periods. Although the modal choice is 11 in both countries,
American subjects choose 11 about twice as frequently as Japanese subjects do. Over all
136 investments with one participant in the Japanese sessions, 43 (32%) were 11; over all
122 investments with one participant in the American sessions, 77 (63%) were 11. Period-
by-period Wilcoxon signed rank tests reject the null hypothesis of 11 at the five-percent
level for the Japanese data—in—periods 1 through 4, 8 and 10 through 12. This same test
never rejects the null in the American data. The sample size is slightly smaller for these
tests in the American data (an average of 8.1 observations per period for the American data
versus an average of 9.1 for the Japanese data), but this lower power is unlikely to be the
main reason that the American data fail to reject Hypothesis 4(a).

Figure 3 presents the average investment when both subjects participate. The American
data reject the Nash prediction of 8 at the five-percent level only in periods 9, 10 and
11 (Wilcoxon test). The Japanese data reject the Nash equilibrium using this same test in
all periods except periods 1 and 4. Nevertheless, compared to the case of one participant
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(figure 2), the Nash equilibrium has substantial drawing power overall. We therefore con-
clude that Hypothesis 4(b) is not rejected economically in both countries, since the mean
investments differ from the Nash equilibrium by less than one investment unit in both
countries (7.58 in the U.S. and 7.26 in Japan), and between one-half and two-thirds of the
investments are within one unit of the Nash equilibrium in both countries.'*

3.4. Efficiency

Hypothesis 5. The overall efficiency is equal across countries.

Result 6. Hypothesis 5 is rejected in the final third of the sessions.

Support. Efficiency is defined as the percentage of the maximum available earnings real-
ized by subjects. Figure 5 presents the average efficiency for the Japanese and American
sessions by period. If both subjects participate and choose the Pareto optimal investment of
12, they each earn 9090.'5 If both subjects participate and choose the Nash investment of
8, they each earn 7345, for an efficiency of 7345/9090 = 81 percent. This is displayed on
the figure as a horizontal dashed line. The horizontal solid line on the figure displays the
predicted efficiency of the ESS equilibrium, 5829/9090 = 64 percent.

The average efficiency differences in the two countries are not significant at the five-
percent level in any individual period using a Wilcoxon test. Figure 5 suggests, however,
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Figure 5. Average efficiency.
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that efficiency in the Japanese data begins to exceed efficiency in the American data toward
the end of the sessions. This is due to the greater participation among Japanese subjects
(cf. figure 1). When pooling periods into the first, middle and final thirds of the session, a
Wilcoxon test rejects the hypothesis that efficiency is equal across countries, but only in the
final third of the session (p-value < 0.01).'°

4. Summary and interpretation

The overall pattern of our results can be summarized as follows. The American data are
roughly consistent with the mixed strategy ESS equilibrium of this two-stage game (Results
4 and 5). The Japanese data generally reject this equilibrium. Behavior of Japanese and
American subjects is typically significantly different (Results 2 and 3). Relative to their
American counterparts, Japanese subjects tend to participate more and invest less when
only one subject of the pair chose to participate. This presents an important puzzle: What
is different between Japanese and American subjects that could explain their differences in
behavior? As discussed in the introduction, differences in the propensity to act spitefully
can explain these differences across countries.

To see how these differences arise, consider the initial 5 periods of play. Participation
rates are similar across countries for these initial periods (figure 1). However, the investment
by the participating subject when only one subject participates is substantially higher in
the American data than in the Japanese data for these initial periods (figure 2). That is, the
Japanese subjects appear much more willing to “punish” their opponent for not participating.
By investing, say, 7 instead of the best response of 11, the participating subject reduces her
payoff from 2658 to 2210, a difference of 448. This spiteful behavior reduces the non-
participating subject’s payoff from 8278 (if his opponent invests the best response of 11) to
4018 (if his opponent instead invests 7), a difference of 4260. In this environment, a spiteful
subject can sacrifice only a small amount to punish her opponent severely. This is similar
to rejecting a relatively low offer in the ultimatum game.

A consequence of the low contributions by the Japanese subjects when they are the
only participant is to considerably reduce the incentives for Japanese subjects to forego
participation. Tables 4 and 5 summarize the normal form game for the first stage participation
decision based on realized average monetary earnings during the first 5 periods in the two
countries. Compare these payoff tables with the theoretical monetary payoffs based on the
stage two Nash equilibrium shown in Table 1. The realized monetary payoff matrix based
on the early Japanese data (Table 4) indicates that participation is a dominant strategy.

Table 4. First stage participation payoffs based on average payoffs in the second stage through period 5 (Japanese
data).

Player 2

Player 1 Participate (p2) Not Participate (1-p7)

Participate (p1) 6570, 6570 2049, 4795
Not participate (1-p;) 4795, 2049 706, 706
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Table 5. Firststage participation payoffs based on average payoffs in the second stage through period 5 (American
data).

Player 2
Player 1 Participate (p2) Not participate (1-p3)
Participate (p;) 7167,7167 2400, 7279
Not participate (1-p1) 7279, 2400 706, 706

The early experience of Japanese subjects shows them that “non-participation doesn’t pay,”
and we believe this is a primary explanation of the high participation rate (rejecting the
ESS prediction of 68 percent) observed in the Japanese data. In other words, the behavior
off the equilibrium path reinforces deviations from equilibrium participation decisions,
similar to the reinforcement of generous (disequilibrium) offers in the ultimatum game
and the punishment of low first-player contributions in the sequential summation public
goods game of Andreoni et al. (2002), and contrary to the best shot game (e.g., Prasnikar
and Roth, 1992). By contrast, for the American data (Table 5), all monetary payoffs are
reduced compared to the theoretical predictions in Table 1 (except, of course when both fail
to participate); however, the Hawk-Dove property of this payoff matrix is preserved.'”!

But why would subjects reduce their own earnings to punish non-participants, especially
since they never encounter the same subject twice in this strangers design?'® This is a prob-
lem familiar to experimental economists and it arises repeatedly in bargaining and other lab-
oratory games. The evidence seems clear that subjects in many situations do not seek simply
to maximize monetary earnings, and several recent models have introduced non-monetary
factors into players’ objective functions (Rabin, 1993; Dufwenberg and Kirchsteiger, 1998;
Fehr and Schmidt, 1999; Bolton and Ockenfels, 2000; Levine, 1998; Charness and Rabin,
2000). Our experiment was not designed to differentiate between these alternative models,
so we shall not attempt to evaluate their performance using these new data. But we can offer
two brief observations regarding the country difference observed in this study.

First, these models can make quite different predictions depending on different preference
types and the fraction of subjects consistent with each type. These models may therefore be
consistent with the differences between the Japanese and American results if the distribution
of preference types differs across countries. Second, our data suggest that reciprocity in this
game differs across countries. Fehr and Schmidt (1999) and Bolton and Ockenfels (2000)
model players’ utilities as depending only on the final payoff allocations and not on players’
intentions, whereas Rabin’s (1993) fairness equilibrium, Dufwenberg and Kirchsteiger’s
(1998) sequential reciprocity equilibrium and Charness and Rabin’s (2000) model of social
preferences allow for reciprocal behavior based on how kind or unkind a player believes
his opponent is treating him. Our experiment provides evidence that Japanese subjects act
spitefully to punish non-participants, while American subjects seem to forgive (money-
maximizing) non-participation choices more readily. It is plausible that the same action of
non-participation could be interpreted differently in these two cultures, so that different
equilibria are being played in each country.

To summarize, we find that Japanese subjects often punish opponents who fail to par-
ticipate. This punishment occurs even though it is common knowledge that our design
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allows subjects to interact only once during a session. This (non-myopic best response)
behavior by Japanese subjects increases their participation relative to their American coun-
terparts who behave roughly consistent with the standard money-maximizing model.
Perhaps most striking is that the increased participation observed for the Japanese
subjects eventually increases efficiency compared to the efficiency of the money-
maximizing Americans. Evaluated in isolation, spite may not seem to be a desirable
cultural or personality trait; but in strategic environments such as this one, it improves
efficiency.

5. Conclusion

In this paper we presented a laboratory experiment on two-person public goods provision, in
which subjects first announce whether they will participate in a mechanism to fund a public
good through voluntary contributions. The subgame perfect Nash equilibrium of this game
applies, of course, to any economic decision-maker regardless of their cultural background.
The evolutionary-stable-strategy equilibrium of this game involves participation about two-
thirds of the time. This prediction, as well as many others we test, is supported only for the
data gathered using American subjects. Japanese subjects participated more often than the
ESS prediction. This “over-participation” generated efficiency that exceeds that observed
for American subjects toward the end of the sessions.

Although the data from the Japanese sessions generally fail to support the theoretical
equilibria based on only pecuniary payoffs, they are consistent in some respects with al-
ternative utility payoffs that include nonpecuniary considerations. We observe Japanese
subjects who frequently “punish” non-participants with low contributions, and this kind of
(negative) reciprocal behavior is how we interpret the term “spite” in our context, as distinct
from simple rivalistic (or “competitive”) behavior in which a subject seeks merely to earn
more than his opponent. The data are inconsistent with such simple rivalistic motivations,
because such motivations are more likely to lead to less participation than the ESS prediction
since non-participation guarantees payoffs greater than or equal to those of the opponent. It
is also unlikely that rivalistic choices would be so close to the Nash equilibrium when both
subjects participate (figure 3) because rivalistic subjects have a strong incentive to reduce
their public good investment.

Our results regarding the differences across countries are consistent with the hypothesis
that Japanese subjects have a greater propensity to act spitefully towards opponents who
fail to participate in funding the public good. This spiteful tendency of Japanese subjects
has been identified in different previous public good environments (Saijo and Nakamura,
1995), but in the present setting it leads to more efficient outcomes than realized by American
subjects. These individualized punishments are a special feature of two-person public goods
environments, although punishments have also been observed recently in larger public goods
groups when punishments can be directed to specific individuals—and this behavior also
improves efficiency (Fehr and Gachter, 2000). In future research we plan to interact Japanese
and American subjects in the same sessions in environments such as this and the ultimatum
game. This will indicate whether the lack of a shared cultural background initially increases
disequilibrium behavior (e.g., spiteful rejections).
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Notes

1. Random House College Dictionary, 1979.

2. Participation decisions are often made sequentially in the field, so it is common to learn others’ participation
decisions before making one’s own decision. A specific, recent example of this commitment to free-ride
might be the United States’ announced intention not to reduce greenhouse gas emissions through a binding
international agreement (the Kyoto Protocol). This example is not perfect, since the United States could choose
to unilaterally reduce greenhouse gas emissions; this is highly unlikely in the short term, however, since the
current administration has announced a goal to increase greenhouse gas emissions.

3. We intepret this spiteful “punishment” response as (negative) reciprocity, but difference aversion is also a
plausible explanation, as is the case for the ultimatum game.

4. Buchan et al. actually use the strategy method, in which respondents’ demands of their share of the surplus
determine whether an offer is rejected. Their data indicate that Japanese respondents demand more than
American respondents do, so the Japanese subjects are more likely to reject an offer of a given size. In another
paper, Buchan et al. (1999) use an experimental trust game to study behavior across four countries (Japan,
the United States, China and Korea). They find no differences attributable to subject nationality, but they find
significant differences correlated with subject attitudes and beliefs elicited through a questionnaire, which
they call culture. Croson and Buchan (1999) use the same data to identify greater reciprocal behavior for
women than for men.

5. In a very different context with simple two-stage extensive form games, Beard et al. (2001) find that Japanese
subjects are more willing to reject unequal payoff allocations than are American subjects. This leads to more
“secure” play in the Jpanese treatments; in particular, the first decision maker is less likely to offer a Pareto
superior but more asymmetric payoff distribution in the sessions conducted in Japan.

6. For example, our study provides a more detailed version of the payoff table to subjects than does the Brandts
et al. (1999) experiment, and we also employ a strangers matching protocol in all sessions while Brandts et al.
use a partners protocol in 12 of their 20 sessions. It is also possible that demographic differences in subject
pools influenced our results, but unfortunately we did not collect demographic data to test this conjecture.
[Brandts et al. collected demographic data but reject the hypothesis that demographics affected their results.]

7. See Maynard Smith (1982). Note that our use of a “strangers” design—randomly repairing subjects each
period—also makes coordination on an asymmetric pure strategy equilibrium extremely difficult.

8. For example, the limited punishment observed in Prasnikar and Roth’s (1992) study decreases over time and
is lowest in the complete payoff information condition (see their figure 2), which is the information condition
most similar to the present experiment.

9. We conducted two sessions in Tokyo to test whether a difference in instruction and record sheet wording—
“your opponent” versus “the person you are paired with”—affects behavior. As we document below, results
are substantially unaffected by this difference in phrasing. Saijo et al. (1999) presents additional analysis of
the Japanese data (only) and provides further evidence that the wording does not systematically influence
behavior.

10. Unfortunately, however, subject 11 in the USC session was confused regarding the subject identification
numbers and investment choices. She was the only subject (out of 100) who appeared confused. She thought
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11.

12.

13.

14.

15.

16.

17.

18.

the identification numbers were the investment choices, so she typically used her opponent’s identification
number (rather than her opponent’s investment choice) when calculating her payoffs. Throughout the results
presentation we remove this obviously confused subject from the data prior to analysis, but our qualitative
conclusions are generally robust when statistics are recalculated using this confused subject.

This 100-to-1 exchange rate was the approximate prevailing exchange rate when the experiments were con-
ducted, but the real value of these payoffs varied somewhat (in terms of local purchasing power) across sites.
Nevertheless, the payoff variance across countries in real terms was probably no greater than the variance
within countries. For example, cost-of-living differences between West Lafayette, Indiana and Los Ange-
les were at least as great as the differences between Los Angeles and Tokyo. Consequently, these payoff
differences should not confound the main cultural comparison.

This random-effects approach we use here and in later analyses is similar to using subjects as the unit
of observation—averaging subject’s choices across all periods and comparing differences in means across
sessions or treatments. It is an improvement over this basic procedure, however, since the random—effects error
structure accounts explicitly for subject heterogeneity. Unfortunately, it cannot account for the dependency of
choices across subjects within a session (e.g., the effect of one subject’s actions on another’s later behavior).
We could completely eliminate this dependency by discarding all but the first period choices, but we do
not pursue that strategy because we are interested in how subjects’ behavior changes over time due to their
experience.

Each subject contributes exactly one observation to these tests. But for the same reason discussed in the
previous footnote, the significance levels of this Fisher’s exact test are inexact because the common opponents
shared by subjects introduces some statistical dependence in the data. We emphasized in the instructions
that subjects play each opponent only once and we used a large number of subjects in each session (20).
Nevertheless, the play of any two subjects is not completely independent because they both play the same
opponents (in different periods) and they play each other in one period. A conservative analysis strategy to
avoid this problem would be to consider each session as providing one statistically independent observation.
Unfortunately, it would be prohibitively costly to employ the number of subjects necessary to follow this
strategy and still obtain meaningful sample sizes.

Orbell and Dawes (1993) report an experiment in which subjects first decide whether or not to participate in
playing a binary prisoner’s dilemma game. They show that intending cooperators are more likely to participate,
and as a result of this selection bias they frequently observe the cooperative outcome. Note that our subjects
who agree to participate in funding the public good tend to play at or slightly below the noncooperative Nash
equilibrium (figure 3), so a similar selection bias is not evident in our data.

Asymmetric collusion could generate even higher payoffs, but such coordination is extremely difficult in this
strangers design that randomly reassigns pairs each period.

We would have preferred to use a random effects model for this test that pools observations across periods,
as we do elsewhere in this paper. The efficiency observation is defined for pairs of subjects, however, and in
our strangers design the pairs were randomly reassigned each period. Therefore, random subject or random
pair effect specifications are not possible.

In an earlier version of this paper (Cason et al., 1998) we also presented a simple reinforcement learning
model to demonstrate that subjects’ participation decisions respond to their previous experience. In particular,
we show that subjects are more likely to participate if their earnings when participating in previous periods
increase relative to their earnings when not participating in previous periods.

Following the suggestion of an anonymous referee, we examined how often the low return to non-participation
is affected by mutual non-participation (in which both subjects earn only 706), and whether this frequency
varies across countries and could therefore contribute to the observed differences in participation rates. The rate
that subjects both choose to not participate in the American data is about double the rate in the Japanese data,
whether one looks at the first five periods (11.6 percent of pairs in the U.S. compared to 6.7 percent of pairs in
Japan) or over all periods (9.5 percent compared to 4.9 percent). In the first five periods the average payoff for
participants is lower than for non-participants in both countries, but the average reduction in earnings from
non-participation in Japan (-1760) is greater than in the U.S. (-994). Since the American subjects experience
the low payoff from mutual non-participation more frequently than do the Japanese subjects, the greater
average reduction in payoffs from non-participation in Japan is mostly due to the punishments received from
the other participating subject.
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19. We even observe non-payoff-maximizing contributions in the final period 15, even though the final period
was announced in the instructions (see figure 2).
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