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Abstract: We explore how subjects with heterogeneous beliefs respond to a surprise restart in a
linear public goods game played for 20 rounds using either a “partners” or a “strangers” protocol.
There are two restarts: one prior to Round 11 and another prior to Round 16. We elicit subject
beliefs at the outset and classify subjects into three groups—Top, Middle, and Bottom—depending
on their prior beliefs about their peers’ contributions to the public good. Then, we look at how
these three groups respond, in terms of their beliefs and contributions, before and after the restart.
We replicate the restart effect, but find that (i) it is much more pronounced for partner matching than
for stranger matching and (ii) it is less pronounced in treatments with belief elicitation compared
to control treatments where beliefs are not elicited. We also find that the restart has the effect of
regenerating a sense of optimism among the subjects, which is reflected in increased contributions
subsequently. This increase in contribution is driven mostly by those subjects who started the game
with relatively more optimistic beliefs. Our results have implications for sustaining cooperation in
social dilemma games.

Keywords: public goods; restart; experiments

1. Introduction

The “restart effect” is a well-known phenomenon in experimental studies of finitely repeated
linear public goods games [1,2]. Typically, in such games, contributions start at around 40% to 60% of
the social optimum and then decay over time with repetition [3]. However, if, following the conclusion
of the preannounced number of rounds, the game is “restarted”, contributions then jump up from the
level where they ended and then once again follow a declining pattern. This restart effect appears not
just once, but even if there are as many as four restarts [4] (cf. Note 1).

The restart effect is closely connected to the literature on “partner” matching (group composition
fixed over time) versus “stranger” matching (random rematching of subjects between rounds) and
whether one or the other leads to more or less cooperative behavior [5–12]. Andreoni and Croson
(2008) [13] provide a review of the literature that examined these issues and suggest that one clear
consensus is that the restart effect is more pronounced for partners than for strangers.

The restart effect is of interest for what it tells us about the conflict between cooperation and
self-interest that are endemic to social dilemmas, such as the voluntary provision of public goods.
A significant insight from prior work in social dilemma games is that enforcing cooperation in such
dilemmas requires costly punishments for free-riding [14–17], which are evolutionarily stable [18]
and provide support for cultural group selection models of cooperation [19,20]. However, while
punishments can increase cooperation, their efficiency implications (net social benefit after subtracting
punishment costs) are unclear and depend crucially on the cost–benefit ratio [21,22]. One also
often finds the incidence of “antisocial” punishments, where free-riders punish cooperators, often
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in anticipation of punishment from the latter. This can be seriously detrimental to efficiency [23,24],
leading to a search for other nonpunitive mechanisms that can successfully enhance cooperation [25].

Restarts may provide an alternative to costly punishments in social dilemmas. Indeed, restarts
are commonplace in day-to-day life. Estranged spouses try temporary separations to reignite their
relationship, and misbehaving children are often given a time-out. On a bigger scale, in 2009, the
Obama administration tried a “reset” in its strained relations with Russia following the Russo-Georgian
War. A recent study [26] suggests that exhortative messages (such as public service announcements)
combined with restarts can sustain cooperation over a moderately long horizon (30 rounds of a public
goods game), and in doing so, outperform costly peer punishments in terms of efficiency.

Furthermore, it is now well-documented that a majority of subjects in this game are “conditional
cooperators”, whose contributions to the public good are positively correlated with their beliefs about
their peers’ contribution levels [25,27–29]. Indeed, while considerable prior work has sought to explain
decaying contributions as the result of intermingling of conditional cooperators and free-riders [30–32],
recent work [33,34] suggests that at times, what appears as free-riding may well be conditional, in the
sense that participants who engage in such behaviour do so owing to pessimistic prior beliefs about
their peers’ contribution to the public good. Evidence suggests that such optimistic or pessimistic prior
beliefs about others’ contributions tend to be persistent and can serve as reliable predictors of behaviour
deeper into the game [35–37]. Given this crucial influence of beliefs on subsequent cooperation [38],
a plausible conjecture is that the temporal pause in proceedings provided by the restart creates a
space between stimulus and choice and is accompanied by a renewed sense of optimism among the
subjects [39], which in turn leads to higher contributions. As Burlando and Hey (1997, p. 45) [7]
point out, the restart allows for “a moment in which players stop the continuity of decisions and/or actions
and rethink about what to do next in light of the recent experience.” The restart effect may also be related
to the distinction between System 1/automatic/intuitive versus System 2/deliberative/calculative
modes of thinking, in the sense that the temporal pause in action leads participants to switch from a
more automatic to a more deliberative way of thinking, which has implications for their subsequent
actions [40–42].

This leads us to the questions of interest in this paper: whose beliefs and contributions are most
influenced by the restart? Is it the ones who started the game with relatively optimistic prior beliefs,
or the ones who were less sanguine at the outset? In order to explore these issues, we structure our
paper around three hypotheses; the first two of which are intended as replications of prior results,
while the third is directed toward a new finding.

Hypothesis 1: Average contributions will be higher and restart effects stronger in “partners” treatments
compared to “strangers” treatments.

This hypothesis follows directly from the literature review by Andreoni and Croson (2008) [13]
mentioned above.

In connecting contributions to the beliefs, a critical part of this study revolves around the elicitation
of beliefs from our participants. Prior research, such as that by Croson (2000) [43], suggests that asking
participants to think about how their peers may behave and how much they might contribute leads to
greater strategic thinking about the underlying incentives of the game. Assuming that participants
are money-maximisers, Croson (2000) [43] finds that belief elicitation leads to greater free-riding in
keeping with the Nash equilibrium prediction in linear public goods games. However, a follow-up
study by Gächter and Renner (2010) [44] does not replicate the same finding of greater self-interested
behaviour with belief elicitation. This leads to our second hypothesis, which is designed to look at the
effect of belief elicitation.

Hypothesis 2: Average contributions will be lower and restart effects more muted in treatments with belief
elicitation than in control treatments without belief elicitation.
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Finally, three key arguments in our study are: (1) a plurality, if not a majority, of participants
are conditional cooperators and their contributions are positively correlated with their prior beliefs;
(2) there is heterogeneity in such prior beliefs, with some participants being more optimistic than
others; and (3) that restarts will create a renewed sense of optimism. Standard Bayesian reasoning
would suggest that the people who are more optimistic at the beginning will also be more optimistic
following a restart. This leads to our third and final hypothesis.

Hypothesis 3: (a) Restarts will generate more optimistic beliefs about peer contributions; (b) this renewed
optimism will be most pronounced for those who started with more optimistic beliefs at the outset.

Our results find support for all three hypotheses, with one exception. Contributions are higher
and restart effects stronger in partner treatments compared to stranger treatments, both with and
without belief elicitation. Contributions are higher and restart effects are stronger in control treatments
without belief elicitation compared to the ones with belief elicitation. However, this is true only for
partner matching. With stranger matching, we find little difference with or without belief elicitation.
Finally, we do find that, indeed, restarts lead to more positive beliefs regarding peer contributions for
all subjects, and this in turn is accompanied by a corresponding increase in contributions to the public
good. The effect is especially pronounced among those who started with relatively optimistic beliefs
at the outset and is particularly evident with partner matching. We proceed as follows: In the next
section, we present our experimental design and procedures; then, we present our results; and in the
final section, we make some concluding remarks.

2. Experimental Design and Procedure

The study involves 188 subjects who are undergraduate students in business and economics at the
University of Auckland. The project was approved by the University of Auckland Human Participants
Ethics Committee (Ref. 8466), and written consent was obtained from all participants in this study.
All sessions are held at the DECIDE lab in the university. We rely on the Veconlab software developed
by Charles Holt (University of Virginia, Charlottesville, Virginia, USA; http://veconlab.econ.virginia.
edu/admin.htm) to run our sessions. Subjects are placed into groups of four and play for 20 rounds,
with a restart prior to Rounds 11 and 16. Subjects are seated at computer cubicles with privacy partitions
on three sides, which prevents them from looking at decisions made by other subjects. They are also
cautioned against communicating or engaging in any behaviour that may be disruptive. Sessions last
just about an hour, and average earnings are NZ $19, including a $5 show-up fee.

We implement a version of the linear public goods game that is, by now, fairly standard in the
literature [3]. In each round, each subject is endowed with 10 tokens. Each token is worth NZ $0.05.
In each round, subjects have the option of putting their tokens in a private account or a public account.
Tokens placed in the private account remain unchanged in value, but tokens contributed to the
public account are doubled in value by the experimenter and redistributed equally among group
members. Token contributions are made in whole numbers. It is well known that if subjects are purely
money-maximisers, then the dominant strategy Nash equilibrium of the stage game is to free-ride and
contribute nothing; free-riding is also the subgame perfect Nash equilibrium in finite repetitions of the
game. However, the social optimum is obtained when each subject contributes his or her entire token
endowment to the public account, which results in a 100% return on that investment (cf. Note 2).

We implement two treatments: a treatment with belief elicitation and a control treatment without
beliefs. We also have two different matching protocols: partners and strangers. This then defines a
2 × 2 design: two treatments and two matching protocols. Henceforth, we will refer to these four
different conditions as Partner-Belief, Partner-Control, Stranger-Belief, and Stranger-Control. Table 1
provides an overview of the different treatments and the number of subjects in each (cf. Note 3).

We note one other issue regarding our partner-matching protocol. As noted in [13], the restart
effect is more pronounced among partners than among strangers. We implement what is referred

http://veconlab.econ.virginia.edu/admin.htm
http://veconlab.econ.virginia.edu/admin.htm


Games 2018, 9, 96 4 of 20

to in the literature as a “partners with different partners” protocol [7]. In a typical partner-matching
protocol, group composition remains unchanged for the entire duration of the session; but a “partners
with different partners” protocol means that while participants stay in the same group for each part of
the experiment, group composition may change between each restart; i.e., the groups are fixed for
Rounds 1–10, then they change following the first restart, but remain fixed for Rounds 11–15; then
they change again following the second restart prior to Round 16, but stay fixed for Rounds 16–20.
Evidence suggests that this protocol leads to a degree of attenuation in the restart effect compared to a
pure partners’ protocol. We felt that keeping the groups fixed for the entire time may overestimate the
impact of the restart effect, since the partner protocol may cause a degree of optimism over and above
the effect of any restart. This “partners with different partners” protocol allows us to isolate the restart
effect better.

Table 1. Overview of experimental design.

Stranger Matching Partner Matching Total

Belief Treatment

(Stranger-Belief)
Session 1: 20
Session 2: 24

Total: 44

(Partner-Belief)
Session 1: 20
Session 2: 16
Session 3: 28

Total: 64

108

Control Treatment
(no belief elicitation)

(Stranger-Control)
Session 1: 16
Session 2: 20

Total: 36

(Partner-Control)
Session 1: 20
Session 2: 24

Total: 44

80

Total 80 108 188

Notes: There are two matching protocols: (i) stranger and (ii) partner, and two treatments: (i) a treatment with belief
elicitation regarding peer contributions and (ii) a treatment without belief elicitation; this results in a 2 × 2 design.
The table shows the number of subjects in each cell as well as the total number of subjects in each matching protocol
(sum of columns), each treatment (sum of rows), and overall.

In each treatment, subjects interact for 20 rounds; 10 rounds to start with and then two more
5-round blocks with a restart at the beginning of Round 11 and a second restart prior to Round 16.
In the belief treatments, we elicit subject beliefs 4 times: once at the very outset, prior to starting Round
1; once before Round 10; once before Round 11, immediately following the first restart; and once before
Round 16, immediately following the second restart. The control treatments are similar, except that
there is no belief elicitation. Subjects play for 20 rounds with a restart prior to Rounds 11 and 16.

The beliefs elicited prior to Rounds 10 and 11 allow us to check our hypothesis regarding beliefs
becoming more optimistic following the restart. It did not seem necessary to repeat this exercise yet
again between Rounds 15 and 16. We collect beliefs prior to Round 16 to see if these are comparable
to the ones before Round 11; i.e., whether the second restart leads to a similar degree of optimism as
the first one. Subjects are paid for the accuracy of their beliefs using a quadratic scoring rule. This is
shown in the instructions to the experiment below. Earnings for these belief rounds are relatively small
in magnitude compared to the earnings in the 20 rounds of the game.

We use the beliefs elicited prior to Round 1 to classify subjects into three categories—Top, those
who expect group members to contribute 7 tokens or more (i.e., 70% of their initial endowment or
more) in Round 1; Middle, those who expect group members to contribute 4, 5 or 6, tokens (40% to
60%); and Bottom, those who expect group members to contribute 3 tokens or less (30% or less). It is
well known that contributions in such linear public goods game tend to start out at between 40%
and 60% of token endowment, which in our case is 10 tokens [3]. Hence, we use 4–6 tokens as our
benchmark for classifying the three types. This classification is similar to the approach adopted by
prior researchers in this area and thus we are following established precedent in doing so [33,34]. Also,
as noted above, evidence suggests that such prior beliefs are relatively stable over time and can serve
as reliable predictors of beliefs and actions deeper into the game. We make no specific claims about the
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preferences of our subjects. Based on prior evidence, most of them are likely conditional cooperators.
The rest may well be free-riders. Free-riders may start with optimistic or pessimistic beliefs regarding
their peers and therefore may belong to one or more of the above groups. We remain agnostic on that
topic. Our focus is simply on subjects who start off with differing beliefs at the outset and how they
respond to the restarts.

3. Results

Immediately below, in the first section, we provide an overview of contributions across the
different treatments. In doing so, we also provide support for the first two hypotheses of our
study. Following that, in the next section, we explore the interaction between the restart, beliefs,
and contributions. This will allow us to provide support for hypothesis 3 above.

Support for Hypotheses 1 and 2

Hypothesis 1 above suggests that when controlling for belief elicitation, contributions will be
higher and restart effects stronger with partner matching than with stranger matching, while hypothesis
2 argues that when controlling for matching protocol, contributions are higher and restart effects
stronger without belief elicitation. This effectively implies that in the context of our four conditions,
we should expect to see the following:

Hypothesis 1: (a) Higher contributions and stronger restarts in Partner-Control compared to Stranger-Control;
(b) Higher contributions and stronger restarts in Partner-Belief compared to Stranger-Belief.

Hypothesis 2: (a) Higher contributions and stronger restarts in Partner-Control compared to Partner-Belief;
(b) Higher contributions and stronger restarts in Stranger-Control compared to Stranger-Belief.

Figure 1 provides a graphical overview of the evolution of contributions over rounds in the
different treatments. Here, and in other figures that follow, we use thick dashed lines to indicate a
restart. At least two things stand out from this figure: First, the restart effect is more pronounced in the
partner treatment as opposed to the stranger treatment. This is not surprising given prior findings
on the topic [13]. Second, the restart effect is more dramatic in the control treatment, particularly
Partner-Control, than in the belief elicitation treatments. This is in line with the evidence provided by
Croson (2000) [43], but contrary to the findings of Gächter and Renner (2010) [44].
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Table 2 provides summary statistics about contribution levels in Rounds 1, 10, 11, 15, 16, and 20
as well as overall averages. Comparing average contributions following each restart allows us to hone
in on the restart effect (or lack thereof) in each treatment. To help in this comparison, in Table 2, in the
rows for “Significance of restart effect”, we also provide the results of nonparametric rank sum tests
comparing contributions before and after each restart. As noted above, we have a 2 × 2 design, with
two matching protocols and two treatments. The unit of observation is the contribution by a subject in
a particular round. Table 2 shows the average contribution over all subjects in each cell of this 2 × 2
design. The number of observations is the same as the number of subjects in each cell.

Table 2. Average token contribution to the public account over rounds in the four treatments.

First Restart Second Restart

Round 1 Round 10 Round 11 Round 15 Round 16 Round 20 AVERAGE

Stranger-Belief (n = 44) 3.77 2.59 3.07 2.32 3.02 1.98 2.91

Significance of restart effect |z| = 0.77
p = 0.44

|z| = 1.28
p = 0.20

Partner-Belief (n = 64) 4.66 2.52 3.86 2.02 3.11 1.39 3.2

Significance of restart effect |z| = 2.37
p = 0.02

|z| = 2.41
p = 0.02

Stranger-Control (n = 36) 4.31 2.78 3.03 2.22 2.78 1.75 3.27

Significance of restart effect |z| = 0.83
p = 0.41

|z| = 1.42
p = 0.15

Partner-Control (n = 44) 5.46 2.23 6.77 5.32 7.27 2.69 5.4

Significance of restart effect |z| = 5.24
p < 0.01

|z| = 2.03
p = 0.04

Notes: A 2 × 2 design with two matching protocols (strangers and partners) and two treatments (one with belief
elicitation and one without) is used. The table shows (i) the average contributions (averaged over all subjects in
a particular cell) across different rounds as well as the overall average, and (ii) whether the increase in average
contribution following a restart is significant or not. Results significant at the 5% level or better are shown in bold.

To assess the impact of the restart, we compare average contributions in Round 10 with those in
Round 11 for the first restart and between average contributions in Round 15 and those in Round 16
for the second restart. Results that are significant at the 5% level or better are shown in bold. It should
be noted that the observations for any particular subject within a given session are not independent.
However, given that subjects are not aware of the restart and that in both matching protocols (strangers
as well as partners with different partners), there is the reconstitution of groups following the restart,
the choice of treating pre- and post-restart contributions as being independent can be justified.

The restart effect is most pronounced in the Partner-Control treatment. Here, average contributions
increase from 22.3% in Round 10 to 67.7% in Round 11 following the first restart and again from
53.2% to 72.7% following the second. Of the other three treatments, the restart effect is most visible
in the Partner-Belief treatment, where contributions increased from 25.2% to 38.6% following the first
restart and from 20.2% to 31.1% following the second. In the Partner-Control treatment, the restart
effect is significant at the 1% level for the first restart between Rounds 10 and 11 (|z| = 5.24; p < 0.01)
and significant at 5% for the second restart between Rounds 15 and 16 (|z| = 2.03; p = 0.04). In the
Partner-Belief treatment, the restart effect is significant at 5% for both restarts. The restart effect is not
significant in either the Stranger-Belief or the Stranger-Control treatment.

In Table 3, we present results from random effects Tobit regressions to compare between cooperation
levels across the different treatments. The dependent variable is contributions to the public account in
each round. We use the Tobit model because contribution decisions are bounded by zero from below and
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ten from above. We use random effects since the regressors include both time-varying and time-invariant
variables. We present the results from a number of different specifications. The first specification
includes the round and a dummy for the stranger-matching protocol. Here, the reference category is the
partner-matching protocol. For both matching protocols, we pool data from control and belief elicitation
treatments. The coefficient for the stranger-matching dummy is negative and significant, providing
evidence that on average, contributions are lower with stranger matching, compared to partner matching.
The second specification includes the round and a dummy for belief elicitation (pooled over matching
protocols), with the control treatment as the reference category. Average contributions are lower when
beliefs are elicited as opposed to when they are not.

Table 3. Random effects Tobit regressions for contribution.

Dependent variable: Tokens contributed to the public account

Regressors (1) (2) (3) (4)

Round
−0.14 *** −0.14 *** −0.14 *** −0.09 ***

(0.01) (0.01) (0.01) (0.02)

Stranger Matching −1.64 ***
(0.4)

Belief
−2.28 ***

(0.37)

Stranger-Belief −4.09 *** −2.37 ***
(0.49) (0.44)

Partner-Belief
−3.45 *** −2.03 ***

(0.45) (0.40)

Stranger-Control −3.18 *** −1.76 ***
(0.51) (0.5)

Lag Avg. Contribution by Others 0.68 ***
(0.04)

Constant
5.2 *** 5.81 *** 7.25 *** 2.93 ***
(0.29) (0.32) (0.38) (0.43)

Number of observations 3760 3760 3760 3572
Wald χ2 121.95 141.26 188.17 483.36

Probability > χ2 0.00 0.00 0.00 0.00
Number left-censored 1084 1084 1084 1064
Number uncensored 2254 2254 2254 2108

Number right-censored 422 422 422 400

Wald test for equality of coefficients

Stranger-Belief = Partner-Belief χ2 = 2.03 χ2 = 0.76
(p = 0.15) (p = 0.38)

Stranger-Belief = Stranger-Control χ2 = 3.14 * χ2 = 1.84
(p = 0.08) (p = 0.17)

Partner-Belief = Stranger-Control χ2 = 0.32 χ2 = 0.42
(p = 0.57) (p = 0.52)

Notes: Standard errors are in parentheses; ***, **, and * denote significance at the 1%, 5%, and 10% level, respectively.

Specifications (3) and (4) take a more disaggregated look at the data. In Specification (3), besides
the round, we include three dummies, one each for the Stranger-Belief, Stranger-Control, and Partner-
Belief treatments. The reference category is Partner-Control. All three dummies are negative and
significant, showing that contributions in all three treatments are lower than those in Partner-Control.
However, pairwise Wald tests between the dummies shows that the null hypothesis of equality
cannot be rejected, at least at 5% or better. This suggests that contributions are significantly higher
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in Partner-Control, but there are no significant differences among the other three treatments. This is
in line with Figure 1. Finally, in Specification (4), we control for the average contribution made by a
subject’s group members in the previous round. If subjects are reciprocal, then we would expect one’s
own contribution to increase when others’ contributions increase. This finding is borne out and the
coefficient of the relevant variable is positive and highly significant.

In carrying out the above regression analysis, we note that observations within a session are
not independent. The only independent observation is a session itself. Therefore, in Table A1 in
the Appendix A, we present results for least squares regressions with errors clustered on sessions.
These results are similar, with the only exception that the stranger-matching dummy is significant
in the Tobit regression, while it is not when errors are clustered on sessions. Given that we have
few sessions, clustering on sessions can often yield imprecise estimates. Therefore, we also ran least
squares regressions with errors clustered on individuals. These results are very similar to those of the
Tobit regressions. Consequently, we have omitted these last set of results.

Figure 1 and Tables 2 and 3 provide support for much of the first two hypotheses. Contributions
are higher and restart effects stronger in treatments with partner matching as opposed to stranger
matching. Contributions are significantly lower and restart effects more attenuated with belief
elicitation than without, but this is only true for partner matching. There is a significant restart
effect in the Partner-Belief treatment but this is over-shadowed by the extremely large effect in the
Partner-Control treatment. There is no restart effect for stranger matching with or without belief
elicitation. Essentially, it appears that almost all of the restart effect is driven by the nature of the
matching protocol rather than by the presence or absence of belief elicitation.

Why is cooperation so much higher with partner matching? Chaudhuri (2009) [45] points out there
are two ways to think about this. On the one hand, as suggested by Clark and Sefton (2001), [46] with
partner matching, the possibility of signaling and reputation building might lead to greater cooperation
compared to stranger matching. However, even when groups are fixed, people frequently choose low
contribution levels, even at the outset. Such an initial act of free-riding may have a disproportionately
negative impact on participants’ beliefs, and with no change in the group composition under partner
matching, ill-feelings might persist, thereby making it more difficult for partners to break out of
a low-contribution equilibrium. In that case, short-lived groups may actually do better. With the
composition of the group changing frequently, new people might bring new optimism and expectations.
This might enable these groups to do better in breaking out of low-contribution equilibria.

It is the former conjecture that turns out to be true. Partners manage to sustain higher levels of
cooperation. Besides the signaling or reputation-building aspect, partners possess more optimistic
beliefs following a restart and are more cooperative subsequently. Furthermore, as one anonymous
referee pointed out, it is possible that the restart effect is related to differences in ambiguity between
the treatments. Ambiguity might be more pronounced with partner matching, where participants
interact with a small subset of players over time, while stranger matching allows for sampling from
the entire cohort. So, it might be that smaller restart effects in the stranger treatment are related to
lower ambiguity.

3.1. Restart, Beliefs, and Contributions

Now, we turn to addressing hypothesis 3 and our main research questions: (1) Did the restart
lead to more optimistic beliefs? (2) Who was impacted the most by the restart, in terms of beliefs and
contributions: the Top, Middle, or Bottom group? For obvious reasons, this part of the analysis will
focus only on the two belief elicitation treatments: Stranger-Belief and Partner-Belief, with a total of
108 subjects. As noted in the introduction, Bayesian reasoning would suggest that those who were
more optimistic in the beginning will also become more optimistic following a restart.
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Support for Hypothesis 3

We will begin by providing an overview of the impact of restart on beliefs before turning to
more disaggregated analysis in terms of the different types of subjects in the next section. Table 4
provides evidence regarding the impact of the restart in creating renewed optimism. Here, we take
the beliefs held by each individual prior to Rounds 1, 10, 11, and 16 as independent observations
and carry out pairwise nonparametric Wilcoxon signed rank tests for the equality of the distributions.
We do this separately for each matching protocol. The relevant number of observations in each case is
noted in the table. Differences that are significant at 5% or better are shown in bold. We appeal to the
extended temporal gap between Round 1 and Round 10 as the justification for treating beliefs prior to
those rounds as independent. As noted above, while discussing results pertaining to Table 2 and the
significance of the restart effect, the unanticipated nature of the restart, coupled with the reconstitution
of groups following each restart, provides justification for treating pre- and post-restart beliefs as
being independent.

A few things become clear from this table. First, average beliefs regarding others’ contributions
are significantly lower in Round 10 compared to Round 1. If we look at the partner data at the top
of the table, for instance, then prior to Round 1, on average, subjects expected group members to
contribute 51.2%; by Round 10, this has fallen to 33.9%. This is not surprising; average contributions
decay over those ten rounds and so do beliefs.

However, if we compare beliefs prior to Round 10 with those prior to Round 11, immediately
after the restart, then beliefs have become more optimistic again. Looking at the partner-matching data
again, prior to Round 11, subjects expect other group members to contribute 42.7%, up from 33.9%
prior to Round 10. The differences in prior beliefs between Rounds 10 and 11 are highly significant for
partner matching (|z| = 2.08; p = 0.04), but not significant for stranger matching.

The other thing that stands out is that average beliefs held prior to Round 16 are not significantly
different from those prior to Round 11, despite the fact that contributions exhibit the familiar decay
pattern between Rounds 11 and 15. The second restart seems to generate similar levels of optimism as
the first. We have not filled out all the cells, since providing all possible pairwise comparisons will
make for tedious reading without shedding much additional light on our primary research questions.

Table 4. Nonparametric sign rank tests comparing beliefs in Rounds 1, 10, 11, and 16.

Treatments Rounds Average Belief about
Others’ Contributions

Sign Rank Tests

Round 10 Round 11 Round 16

Partner Matching
(n = 64)

Round 1 5.12 |z| = 3.99;
p < 0.01 — —

Round 10 3.39 — |z| = 2.08;
p = 0.04 —

Round 11 4.27 — — |z| = 1.23;
p = 0.22

Round 16 3.75 — — —

Stranger Matching
(n = 44)

Round 1 4.68 |z| = 2.22;
p = 0.03 — —

Round 10 3.77 — |z| = 0.25;
p = 0.80 —

Round 11 3.82 — — |z| = 0.51;
p = 0.95

Round 16 3.82 — — —

Notes: The unit of observation is the belief held by each subject prior to the relevant round. The table shows (i) the
average over all subjects for a given round within the two different matching protocols as well as (ii) the result of
nonparametric tests for pairs of rounds. Differences that are significant at 5% or better are highlighted in bold.
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3.2. Restarts, Beliefs, and Contributions: A Disaggregated View

Next, we look specifically at the impact of the restart on the Top, Middle, and Bottom groups.
How did the restart affect their beliefs and their contributions? Table 5 provides a summary of how
many subjects belong to each category. Clearly, in each of the two matching protocols, the majority
belong to the Middle category; 61 out of 108 subjects or 57% fall in this group. The rest are distributed
roughly equally among the Top and Bottom groups, with 24 (22%) in the former and 23 (21%) in
the latter.

Table 5. Classification of subjects into types based on Round 1 beliefs.

Partner Matching Stranger Matching Combined

Top 16 (25%) 8 (18%) 24 (22%)
Middle 35 (55%) 26 (59%) 61 (57%)
Bottom 13 (20%) 10 (23%) 23 (21%)

Total 64 44 108

Notes: Subjects are classified into different groups based on their prior beliefs regarding peer contributions to the
public good in Round 1. Token contributions are in whole numbers. Those who expect peers to contribute 7 tokens
or more in Round 1 are classified as the Top group, those who expect contributions of 4 to 6 tokens are in the Middle
group, and those who expect peers to contribute 3 tokens or less are in the Bottom group. The table shows the
number of subjects belonging to each of the three types.

Figure 2 provides an overview of the contribution patterns for the three types—Top, Middle,
and Bottom—in the Stranger-Belief treatment, while Figure 3 does the same for Partner-Belief. It is
clear that in keeping with the differences in prior beliefs, the starting points of contributions for
each type are dramatically different. In the Stranger-Belief treatment, the starting points are 56.3%,
38%, and 22%, respectively, for the Top, Middle, and Bottom groups; while in Partner-Belief, the
corresponding starting points are 73.8%, 41.4%, and 26.9%. All three types show evidence of a restart
effect in Partner-Belief. The restart effect is not as evident in Stranger-Belief.
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We start our disaggregated analysis by looking at the changes in average beliefs by type in Table 6.
In this table, we want to see if average beliefs are higher after Round 10, following the restart, compared
to beliefs held prior to Round 10. In Table 4 above, we showed that average beliefs are certainly higher
for partner matching. Here, we are asking to what extent this is true for the different subject types,
Top, Middle, and Bottom. We use beliefs held by each individual subject prior to Rounds 10 and 11 as
an independent observation and carry out nonparametric Wilcoxon sign rank tests. The argument for
treating these as independent observations is the same as those made above while discussing results
for Tables 2 and 4.

Table 6. Beliefs following restart, by type.

Round 10 Beliefs Round 11 Beliefs Sign Rank Test

Partner Matching

Top (n = 16) 3.44 4.56 |z| = 1.58; p = 0.12
Middle (n = 35) 3.54 4.29 |z| = 1.18; p = 0.23
Bottom (n = 13) 2.92 3.85 |z| = 0.96; p = 0.34
Overall (n = 64) 3.39 4.27 |z| = 2.08; p = 0.04

Stranger Matching

Top (n = 8) 4 4.75 |z| = 0.53; p = 0.59
Middle (n = 26) 3.58 3.58 |z| = 0.02; p = 0.98
Bottom (n = 10) 4.1 3.7 |z| = 0.04; p = 0.97
Overall (n = 44) 3.77 3.82 |z| = 0.25; p = 0.80

Notes: Top group: those who expect peers to contribute 7 tokens or more in Round 1; Middle: those who expect
contributions of 4 to 6 tokens; Bottom: those who expect peers to contribute 3 tokens or less. The table shows
average beliefs within each type in Rounds 10 and 11 as well as the results of nonparametric tests comparing those
beliefs. Results significant at 5% or better are in bold.

It is clear from Table 6 that average beliefs are higher following the restart after Round 10 in all
but two cases (with stranger matching, average beliefs are unchanged for the Middle group, while
they are lower for the Bottom group). However, the differences are not significant, except in the case
for partner matching as a whole, where beliefs are significantly more optimistic following the first
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restart (|z| = 2.08; p = 0.04). To summarise: beliefs become more optimistic following the first restart;
however, the differences are often not significant.

However, it is often the case that small changes in beliefs have a large impact on subsequent action.
It is well-known that in the presence of reciprocal players, the public goods game becomes a coordination
problem with multiple payoff ranked equilibria (Rabin, 1993) [47]. Chaudhuri et al. (2009) [48] show
that small changes in subject beliefs can lead to large-scale coordination failures in weak-link games with
multiple payoff dominant equilibria [49]. Thus, it is conceivable that small changes in prior beliefs may
lead also to large changes in the degree of cooperation in this game. So, does the increase in optimism
following the restart lead to higher contributions?

Table 7 shows that we can answer this question in the affirmative. We use individual subject
contribution in Rounds 10 and 11 as the unit of observation and compare within each type: Top, Middle,
and Bottom. The exact number of observations in each case is noted in the table. Round 11 contributions
are higher than Round 10 contributions for all but one case. However, not all of these differences are
significant. We find a number of cases that are significantly different with partner matching, but none of
the differences are significant with stranger matching. This is not surprising, since we have concluded
earlier that the restart effect, in general, is more pronounced with partner matching, and much less so
with stranger matching.

Table 7. Contributions following restart, by type.

Round 10 Round 11 Sign Rank Test Round 15 Round 16 Sign Rank Test

Partner Matching

Top (n = 16) 2.5 3.56 |z| = 0.65;
p = 0.52 1.63 3.63 |z| = 2.27;

p = 0.02

Middle (n = 35) 2.43 4.09 |z| = 2.34;
p = 0.02 2.4 2.77 |z| = 0.85;

p = 0.39

Bottom (n = 13) 2.77 3.62 |z| = 0.60;
p = 0.55 1.46 3.39 |z| = 1.4;

p = 0.16

Overall (n = 64) 2.52 3.86 |z| = 2.37;
p = 0.02 2.02 3.11 |z| = 2.4;

p = 0.02

Stranger Matching

Top (n = 8) 1.63 1.88 |z| = 0.29;
p = 0.77 0.88 1.75 |z| = 0.97;

p = 0.33

Middle (n = 26) 2.19 3.27 |z| = 1.43;
p = 0.15 2.46 2.76 |z| = 0.74;

p = 0.46

Bottom (n = 10) 4.4 3.5 |z| = 0.69;
p = 0.49 3.1 4.7 |z| = 0.9;

p = 0.37

Overall (n = 44) 2.59 3.07 |z| = 0.77;
p = 0.44 2.32 3.02 |z| = 1.28;

p = 0.20

Notes: Top group: those who expect peers to contribute 7 tokens or more in Round 1; Middle: those who expect
contributions of 4 to 6 tokens; Bottom: those who expect peers to contribute 3 tokens or less. The table compares
average contributions over all subjects within groups of each type following the two restarts as well as the results of
nonparametric tests comparing those contributions. Results significant at 5% or better are in bold.

Looking at the results, it appears that under partner matching, any increase in contributions
following the first restart is driven primarily by the Middle group (|z| = 2.34; p = 0.2), while the
Top group is primarily responsible for increased cooperation following the second restart (|z| = 2.27;
p = 0.02). It is also noteworthy that with partner matching, there is a significant increase in overall
contributions following both the first and the second restart. Table 7 then provides strong evidence
in favour of a positive restart effect following both restarts. This increase in contribution is driven
primarily by those who started the game with relatively optimistic beliefs, namely the Top and Middle
groups, who collectively start out believing that their peers will contribute 4 or more tokens on average.
The fact that the Top and Middle groups increase their contributions following a restart is in line with
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their more optimistic beliefs. This also bolsters the argument that the classification of subjects into
types on the basis of their prior beliefs before Round 1 is robust over time.

In Table 7, we look for a restart effect within the three groups, Top, Middle, and Bottom.
An anonymous referee suggested an alternative way of looking at the restart effect by comparing
average effects for differences in contributions or beliefs across the three different groups. Here, for each
individual in each of the three categories of Top, Middle, and Bottom, we calculate the difference in
contributions between Rounds 10 and 11 as well as for the difference between Round 15 and 16. We
do the same for differences in beliefs, except we do this only for Rounds 10 and 11, since we do not
have beliefs before Round 15. We then carry out nonparametric rank sum tests to examine if there are
systematic differences in the restart effect across the three different groups. We do not find any significant
differences in either contributions or beliefs across the three groups. Consequently, we omit a detailed
discussion of these results. We present the detailed results in Tables A2 and A3 in Appendix A.

There is one final link that that is worth establishing before we conclude. Table 6 shows that beliefs
are more optimistic following a restart, which as Table 7 shows, also leads to higher contributions.
In order to argue that higher contributions are caused by more optimistic beliefs, ideally, we want
to show that beliefs and contributions are indeed closely connected. We do this in Table 8. For each
subject, we look at the beliefs immediately preceding the restart and contributions during the round
immediately after the restart (Round 11 or Round 16). Then, we carry out a nonparametric Wilcoxon
sign rank test for the equality of distribution between the two.

Table 8. Correlation of belief and contributions, by type.

Round 11
Beliefs

Round 11
Contributions Sign Rank Test Round 16

Beliefs
Round 16

Contributions Sign Rank Test

Partner Matching

Top (n = 16) 4.56 3.57 |z| = 1.09;
p = 0.27 4.06 3.63 |z| = 0.70;

p = 0.48

Middle (n = 35) 4.29 4.09 |z| = 0.07;
p = 0.95 3.83 2.77 |z| = 1.87;

p = 0.06

Bottom (n = 13) 3.85 3.62 |z| = 0.11;
p = 0.92 3.15 3.38 |z| = 0.35;

p = 0.72

Overall (n = 64) 4.27 3.86 |z| = 0.76;
p = 0.45 3.75 3.11 |z| = 1.55;

p = 0.12

Stranger Matching

Top (n = 8) 4.75 1.88 |z| = 2.34;
p = 0.02 3.38 1.75 |z| = 1.7;

p = 0.09

Middle (n = 26) 3.58 3.27 |z| = 0.27;
p = 0.79 4.23 2.77 |z| = 2.49;

p = 0.01

Bottom (n = 10) 3.7 3.5 |z| = 0.46;
p = 0.64 3.1 4.7 |z| = 1.02;

p = 0.31

Overall (n = 44) 3.82 3.07 |z| = 1.37;
p = 0.17 3.82 3.02 |z| = 1.82;

p = 0.07

Notes: Table 8 presents results testing for correlation (or lack thereof) between beliefs and contributions following
each of the two restarts (Rounds 11 or 16) for each subject within groups of each of the three types: Top, Middle,
and Bottom. Results significant at 5% appear in bold, while those significant at 10% are italicised. Significant results
imply that the null hypothesis of the equality of distributions (for beliefs and contributions, respectively) can be
rejected, implying little or no correlation between beliefs and contributions; lack of significance implies that the null
hypothesis of equal distributions cannot be rejected.

We start by looking at the first restart. Here, we cannot reject the null hypothesis that the
distributions of beliefs and contributions are equal for all but one group, the Top group, which
contributes less than their beliefs, in the stranger-matching treatment. (|z| = 2.34; p = 0.02). However,
more importantly, we cannot reject the null for any cases with partner matching, where the evidence for
a restart effect is the strongest. This suggests that indeed, there is a strong positive correlation between
beliefs and contributions following the first restart. This is especially true with partner matching.

The picture is less sanguine when we look at the second restart. Here, the null hypothesis can be
marginally rejected for the Middle group both with partner matching (|z| = 1.87; p = 0.06) and with
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stranger matching (|z| = 2.49; p = 0.01). The null can also be rejected at 7% for stranger matching
overall. This suggests that there is greater bifurcation between beliefs and contributions following the
second restart. Beliefs are relatively more optimistic, even after the second restart, but contributions do
not quite catch up. In a sense, the self-serving bias seems to become more pronounced following the
second restart. However, once again, it is worth noting that the null hypothesis of equal distributions
cannot be rejected, at least at 5% or better, with partner matching and it is that matching protocol,
as we have noted above, which shows the greater evidence of a restart effect.

4. Discussion and Conclusions

In this study, we start out by replicating the restart effect and show that (i) it is much more
pronounced for partner matching than for stranger matching and (ii) it is much less pronounced
in treatments with belief elicitation compared to control treatments where beliefs are not elicited.
Then, we explore how an unanticipated restart affects the beliefs of subjects in a laboratory public
goods game; whether it affects those with pessimistic and optimistic prior beliefs in the same way or
not. We find that the restart does lead to increased optimism among all subjects, particularly in our
partner-matching protocol, but the effect is particularly pronounced for those who started out with
relatively optimistic beliefs about their peers. Our results provide additional support for the fact that
beliefs held early on can predict behavior later in the game. They also have implications for sustaining
cooperation in such social dilemma games.
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Appendix A. Additional Regression Results

Table A1. Random effects regression with errors clustered on sessions.

Dependent variable: Tokens contributed to the public account

Regressors (1) (2) (3) (4)

Round
−0.09 *** −0.09 *** −0.09 *** −0.09 ***

(0.03) (0.01) (0.01) (0.02)

Stranger Matching −1.02
(0.72)

Belief
−1.36 **

(0.37)

Stranger-Belief −2.49 *** −2.37 ***
(0.36) (0.44)

Partner-Belief
−2.21 *** −2.03 ***

(0.52) (0.40)

Stranger-Control −2.13 *** −1.76 ***
(0.55) (0.5)
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Table A1. Cont.

Lag Avg. Contribution by Others 0.68 ***
(0.04)

Constant
5.03 *** 5.34 *** 6.34 *** 2.93 ***
(0.29) (0.32) (0.38) (0.43)

Number of observations 3760 3760 3760 3572
Wald χ2 20.13 35.51 81.78 483.36

Probability > χ2 0.00 0.00 0.00 0.00
R2 0.03 0.03 0.03 0.10

Wald test for equality of coefficients

Stranger-Belief = Partner-Belief χ2 = 0.2 χ2 = 0.76
(p = 0.66) (p = 0.38)

Stranger-Belief = Stranger-Control χ2 = 0.29 χ2 = 1.84
(p = 0.59) (p = 0.17)

Partner-Belief = Stranger-Control χ2 = 0.01 χ2 = 0.42
(p = 0.92) (p = 0.52)

Note: Standard errors are in parentheses; *** and ** denote significance at the 1% and 5% level respectively.

Table A2. Rank sum tests comparing contributions differences between Rounds 10–11 and Rounds 15–16.

Treatments Groups Avg. Diff
Rounds 10–11

Avg. Diff
Rounds 15–16 Rank Sum Tests

Partner
Matching

Top
(n = 16) 1.06 2 Middle (n = 35) Bottom (n = 13)

Middle
(n = 35) 1.66 0.37 Top

(n = 16)
(a) |z| = 0.72; p = 0.47
(b) |z| = 1.4; p = 0.16

(a) |z| = 0.15; p = 0.88
(b) |z| = 0.15; p = 0.88

Bottom
(n = 13) 0.85 1.92 Middle

(n = 35) — |z| = 0.36; p = 0.72
(b) |z| = 1.01; p = 0.31

Stranger
Matching

Top
(n = 8) 0.25 0.88 Middle (n = 26) Bottom (n = 10)

Middle
(n = 26) 1.08 0.31 Top

(n = 8)
(a) |z| = 0.35; p = 0.73
(b) |z| = 0.59; p = 0.56

(a) |z| = 0.4; p = 0.89
(b) |z| = 0.67; p = 0.5

Bottom
(n = 10) −0.9 1.6 Middle

(n = 26) — (a) |z| = 0.89; p = 0.37
(b) |z| = 1.08; p = 0.28

Note: (a) refers to differences between Rounds 10 and 11; (b) refers to differences between Rounds 15 and 16.

Table A3. Rank sum tests comparing differences in beliefs between Rounds 10–11.

Treatments Groups Avg. Diff
Rounds 10–11 Rank Sum Tests

Partner
Matching

Top (n = 16) 1.13 Middle (n = 35) Bottom (n = 13)

Middle (n = 35) 0.74 Top (n = 16) |z| = 0.71; p = 0.48 |z| = 0.24; p = 0.81

Bottom (n = 13) 0.92 Middle (n = 35) — |z| = 0.34; p = 0.74

Stranger
Matching

Top (n = 8) 0.75 Middle (n = 26) Bottom (n = 10)

Middle (n = 26) 0.00 Top (n = 8) |z| = 0.56; p = 0.58 |z| = 0.18; p = 0.86

Bottom (n = 10) −0.40 Middle (n = 26) — |z| = 0.66; p = 0.51

Instructions

Welcome. The University of _____ has provided the funds to conduct this research. If you follow
the instructions, then based on the decisions that you make you can make an appreciable amount
of money.
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This experiment will consist of multiple parts. These different parts may or may not be similar.
The first part will consist of 10 rounds. We will now provide you with the instructions for this first
part. Following that, we will tell you whether there are more parts to the experiment or not. If we tell
you that there are more parts, then at that point we will also give you further instructions about how
these subsequent parts will work.

You are in a market with 3 other people, i.e., you will be part of a 4-person group. [Partners
treatment: The composition of the group that you are in will remain unchanged for the entire duration.
This means that you will be playing with the same three players for the entire set of 10 rounds during
the first part of the experiment. Strangers treatment: The composition of the group that you are in
will change from one round to the next. This means that you will not be playing with the same three
players for more than one consecutive round.] At the end of the experiment your earnings from this
game will be converted to cash at the rate of 1 experimental dollar = NZ $0.50.

Here is how the first part of the experiment, that is, the first set of 10 rounds will work. In each
round each of you will have 10 tokens. In each round you can invest these tokens in a private account
or a public account. Tokens put in the private account are worth 10 experimental cents each. But
each token invested in the public account will create a return of 5 experimental cents for you and
5 experimental cents for each of the three other group members. One way to think about this is: each
token that you invest will be doubled in value (i.e., from 10 experimental cents to 20 experimental
cents) by the experimenter and then divided equally among all four group members giving each
group member 5 cents for that round. Remember, each experimental dollar is equal to NZ $0.50 or
10 experimental cents is equal to NZ $0.05.

Once you log in to the computer you will be assigned a subject ID. Please make a note of this and
write down this number on the top of each page of your instructions. You will be able to read some of
these instructions again once you log in to the website.

We will pay you your earnings from the experiment at the end of the session. You are free to
go once you have been paid. Your earnings are private information and we encourage you to keep
this information private. If at any point you have any questions or problems, please raise your hand
for assistance.

Upon completion of Part 1 subjects are told:

We would like you to stay back for a second part, which will consist of 5 rounds. The instructions
for these 5 additional rounds are exactly the same as the ones for the 10 rounds in Part 1. [Only in
Partners treatment: The composition of the group that you are in may be different from that in Part 1 but will
remain unchanged for the entire duration of Part 2. This means that you will be playing with the same three
players for the entire set of 5 rounds during this part of the experiment.]

Upon completion of Part 2 subjects are told:

We would like you to stay back for a third part, which will consist of 5 rounds. The instructions for
these 5 additional rounds are exactly the same as the ones for the 10 rounds in Part 1 and the 5 rounds
in Part 2. [Only in Partners treatment: The composition of the group that you are in may be different from
that in Part 2 but will remain unchanged for the entire duration of Part 3. This means that you will be playing
with the same three players for the entire set of 5 rounds during this part of the experiment.]

Belief elicitation instructions

During the course of the experiment, we will, from time to time, ask you to predict what you
think the other three members of your group will contribute to the public account in the round that
follows immediately after. When we do so we will ask you to answer the following question in the
space provided.

What is the average contribution to the public account that you expect from the other three
members of your group in the next round? Do not include yourself and round to the nearest integer.
Please choose one number and put a check next to the appropriate number below:
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____ 0 ____ 3 ____ 6 _____ 9

____ 1 ____ 4 ____ 7 ____ 10

____ 2 ____ 5 ____ 8

You will be paid for this prediction in the following way. Your earnings will be $1.00 minus the
square of the difference of your prediction and the actual average choice.

Suppose you predict that the average choice of the other three group members in a particular round
will be 8. Suppose the actual average turns out to be 4. In this case the absolute difference between the
two numbers is 4. The square of this difference is 16. Then you will earn $1.00 − $0.16 = $0.84. On the
other hand, suppose you predict that the average choice of the other three group members in a particular
round will be 3. Suppose the actual average turns out to be 9. In this case the absolute difference between
the two numbers is 6. The square of this difference is 36. Then you will earn $1.00 − $0.36 = $0.64.

For this prediction part of the experiment, the payoffs are in actual NZ dollars and cents.

Please answer the following question before the next round begins:

What is the average contribution to the public account that you expect from the other three
members of your group in the next round? Do not include yourself and round to the nearest integer.
Please choose one number and put a check next to the appropriate number below:

____ 0 ____ 3 ____ 6 _____ 9

____ 1 ____ 4 ____ 7 ____ 10

____ 2 ____ 5 ____ 8

PREDICTION

Round Predicted
Average

Actual
Average Difference Square of

Difference
Earnings ($1 – Square

of Difference)
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Notes:

1. A “restart” works in the following way: Participants are initially told that they will play for a
certain number of rounds. (They are also alerted at the outset that there may be other parts to the
study following the conclusion of the game in question. They are told that they will get further
instructions if they are asked to participate in further tasks.) Once the preannounced number of
rounds are completed, participants are told how much they have earned up to that point. Then,
they are asked if they are willing to take part and play a few more rounds of the same game,
with no changes to the underlying parameters of the game or the payment scheme. This is the
“restart”; in the sense that participants thought the game was over, but now they are asked to
play for more rounds.

2. We need to add a word about our use of experimental cents in the instructions, rather than saying
that each token is worth NZ $0.05. If we did this, then for each token contributed to the public
account, the token gets doubled in value to NZ $0.10; redistributed equally among the four group
members, this nets NZ $0.025 per player. However, the software does not allow three decimal
points and rounds this up to NZ $0.03. As a result, we denote payoffs in experimental currency,
but then make the actual payoff equal to 50% of the experimental payoffs.

3. These two types of matching protocols—fixed groups versus random rematching within a
session—are commonly used in such experimental studies. However, under such protocols,
each participant interacts with every other participant within the group. There is now a large
related literature that looks at social networks where participants may be constrained to interact
with one or more immediate neighbors (incomplete networks) [50–52], as opposed to interacting
with every other group member (complete network, as in the present study). This literature
suggests that the nature of the network architecture and the ability to monitor and/or punish
one or more members of the group has important implications for the ability of punishments to
sustain cooperation over time as well as the efficacy of such punishments. We eschew a detailed
discussion of this line of work as being beyond the scope of the current study.
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