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Abstract

This study analyzes the role of information in overcoming the twin problems of fre-
eriding and coordination failure that arise in the provision of social services with
multiplicity and diminishing marginal return. We consider a model with two public
goods, each of which has a threshold of effective contribution such that any costly
contributions beyond the threshold generate no benefit. We analyze whether the pro-
vision of information on the threshold, which represents the need for contributions
to social services, helps improve efficiency. The theoretical analyses predict that
information provision enables prosocial individuals to match the thresholds, thus
improving outcome efficiency. The experimental analyses confirm this prediction
under a dynamic contribution system: the information on thresholds, together with
the real-time update of cumulative contributions, promotes the efficient provision of
multiple public goods. However, the analysis of contribution timings reveals a side
effect of such information: it causes more freeriding when the need is small.
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1 Introduction

Many social services and individual contributions to them can be modeled as a
game with multiple public goods with diminishing marginal returns. Motivating
examples include volunteer service, charitable giving, and crowdfunding. When a
serious natural disaster occurs, many volunteers are solicited to assist victims in dif-
ferent locations. Often, in such cases, too many volunteers gather at the same time in
one location, hindering effective volunteer activities. Additionally, the excess supply
of volunteers in one location may cause a shortage of volunteers in another location
that also needs support. This example illustrates that when there are various services
that require a sufficient number of contributions, it is important not only to have
enough contributions in total but also to allocate them according to the needs of
each service. This example also illustrates that when each service faces diminishing
marginal returns from contributions there are twin problems of coordination failure
and freeriding.

Coordination failure results in wasting valuable contributions, as excess volun-
teers may end up being redundant and inactive when they could otherwise be effec-
tive in other locations that have insufficient volunteers. This possibility and the
experience of having their contributions wasted may discourage prosocial individu-
als from contributing in future. Thus, it is important to overcome the problem of
coordination failure to make the best use of prosocial behavior in providing various
services.

Hitherto, among numerous studies on public goods games (see, for example, Led-
yard, 1995, Croson, 2010), only a few studies have analyzed cases of multiple public
goods. Cherry and Dickinson (2008), Bernasconi et al. (2009), and Chan and Wolk
(2020) considered a game with multiple linear public goods and found that individu-
als contribute more in total when there are multiple linear public goods than when
there is only a single linear public good. In the multiple linear public goods game
they studied, only freeriding problems can arise.

The closest studies to our research that examine coordination failure and freerid-
ing are Corazzini et al. (2015; 2020). They used a multiple threshold public goods
game and studied how to enhance efficiency by improving coordination. In the
multiple threshold public goods game, the possibility of both freeriding and coor-
dination failure is inherent. However, the type of coordination required is different
from that in our motivating examples. In the game studied in Corazzini et al. (2015;
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2020), the endowments of individuals were limited, so for the efficient provision of
public goods, individuals were required to coordinate and concentrate their contri-
bution in one public good to reach its threshold. In their study and other studies on
coordination games (e.g.,Van Huyck et al., 1990), coordination requires players to
choose the same action to achieve social efficiency. In contrast, in the motivating
examples we consider, coordination requires individuals to distribute their contribu-
tions among different public goods.! The coordination issue of this study resembles
the choice of different routes by commuters studied in Selten et al. (2007).

The present study aims to investigate systems of information provision that will
facilitate coordination and enhance contributions in multiple public goods game
with diminishing marginal returns. Takeuchi and Seki (2023) considered the same
problem, focusing on the fact that information about needs—what level of contribu-
tion is needed—is often not provided in motivating example cases, and analyzed
whether the provision of information on needs improves efficiency. They found that
providing information on needs improves coordination but exacerbates the freerid-
ing problem, especially when the needs are small. They argued that this could be
due to fear of wasting one’s contribution by contributing beyond what is needed.
To reduce the fear of wasting one’s contribution and to increase contributions, the
experiment in the current study provides additional information about the contribu-
tions made by others by allowing for dynamic contributions with real-time updates.

With respect to the dynamic system of giving, inspired by Schelling (1960)’s sug-
gestion of a dynamic system of soliciting donations,” there are a growing number
of experimental studies on voluntary contribution mechanisms (VCMs) with deci-
sion making in sequential or dynamic (real-time) settings (see Vesterlund, 2015 for a
comprehensive survey of the theoretical and experimental literature).

A study by Bracha et al. (2011) suggested that allowing for dynamic contributions
may enhance coordination. Bracha et al. (2011) compared a single threshold public
good game in sequential and simultaneous protocols, varying the size of the thresh-
old value. In addition, they used a piecewise linear cost function that yields the inte-
rior Nash equilibrium and interior Pareto optimal outcome even when the threshold
is zero (i.e., there is no threshold). When the threshold is high so that no one is
willing to contribute up to the threshold alone and the contributions must be made
simultaneously, coordination is required to contribute beyond the threshold. They
found that in such cases, average public good provision is higher with sequential

' In crowdfunding, both types of coordination problems could arise. On the one hand, as studied in
Corazzini et al. (2015; 2020), when the total resources that people are willing to contribute to crowd-
funding are limited, it is necessary to concentrate funding in some projects so that they can reach the
target amount necessary for implementation. On the other hand, on some crowdfunding sites, donations
in excess of the target are possible (e.g., Kickstarter). Then, some projects may collect too much funding
beyond an efficient level of operation. In this case, it is important not only to raise a sufficient sum of
money but also to allocate funds optimally across multiple projects so that each project can be imple-
mented effectively.

2 Schelling (1960) examined the potential of a dynamic system in soliciting donations to the Red Cross.
Since “if the contribution is divided into consecutive small contributions, each can try the other’s good
faith for a small price” (p.45), anticipation of the other’s freeriding behavior is reduced in dynamic sys-
tems, boosting contributions.
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protocols than with simultaneous protocols. They suggested that the sequential pro-
tocol reduces strategic uncertainty about whether other members will cover the rest
of the threshold, thereby facilitating coordination (p. 421). Additionally, Deck and
Nikiforakis (2012) found, using the minimum-effort game, that the real-time deci-
sion-making protocol in which all participants’ chosen actions are monitored yields
high efficiency, as it removes strategic uncertainty and enhances coordination.

Studies using public goods games with real-time decision-making protocols sug-
gest that dynamic contribution increases cooperation. In these games, there is a
given time interval in which individuals can modify their contribution while observ-
ing how the other group members are contributing. The final contribution made
when the time limit is reached determines the final outcome of the game.® Dorsey
(1992) studied different forms of payoff functions and contribution-modification
rules to see how these affect contribution behavior. Kurzban et al. (2001) used a sin-
gle linear public goods game with a real-time decision-making protocol and found
two factors that enhanced the average contribution: allowing individuals to make
only upward revisions of their contributions during the time interval and provid-
ing only the lowest individual contribution in the group as real-time feedback infor-
mation. Ishii and Kurzban (2008) found similar evidence using a student sample in
Japan. Goren et al. (2003) studied the real-time provision of a single public good
with a threshold for its provision. Based on the analysis of contribution timings in
each period, they found that the timings of public good provision remained the same
across periods without a tendency of delay. They concluded that the real-time pro-
tocol prevented the decaying trend of the average contribution usually observed in
other studies with simultaneous protocols.

Given these findings, we adopt a dynamic contribution scheme with a real-time
protocol as in Kurzban et al. (2001) and Goren et al. (2003): each player makes
irrevocable contribution decisions during a given time interval and receives real-
time updates on the contribution decisions made by the other group members. We
study whether, under this scheme, the provision of information about needs will
enhance coordination and contributions in the multiple public goods game with
diminishing marginal return.

To be able to analyze the effects of providing information on needs, this study
employs, with small modifications, the model of Takeuchi and Seki (2023), which
introduces a threshold of effective contribution for each public good. Any contri-
bution equal to or below the threshold is “effective”, returning a constant marginal
return for each unit contributed, while any contribution above the threshold is waste-
ful, returning a marginal return of zero. The threshold resembles the needs of the
number of volunteers in the motivating example. We manipulate the information of

3 The real-time decision-making protocol is different from the continuous-time protocol studied in, for
example, Friedman and Oprea (2012) and Oprea et al. (2014). The continuous-time protocol is similar to
a high-frequency repeated game. The payoffs are calculated based on the chosen action for every second
in the time interval. The participants can switch their actions any time, which will change the payoff
stream generated. This is distinct from the real-time decision-making protocol, where the payoffs depend
only on the actions chosen when the time limit is reached and not on the action modifications during the
time interval.
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the needs by making the value of the threshold unknown to the individuals (hence-
forth, the partial information condition) or known to the individuals (henceforth, the
full information condition).* To provide benchmark predictions for the experiment,
we analyze the game as a static game under three assumptions regarding the prefer-
ences of the players: all players are selfish, maximizing their own payoffs; all players
are prosocial, maximizing the sum of the payoffs of all the players; some members
are selfish and others are prosocial, and the preference types of the members are
known. When all players are selfish, the two information conditions yield the same
outcome, as freeriding is a Nash equilibrium strategy. In the other two cases, the
sum of contributions in the equilibrium will be equal or higher in the partial infor-
mation condition, but the efficiency will be higher in the full information condition.

The summary of the experimental results is as follows. First, the prediction
regarding the sum of contributions was not rejected: The average contribution rates
that were unconditional on the values of the thresholds were not significantly dif-
ferent between the two information conditions. The prediction of efficiency was
supported. Individuals in the full information condition increased their contribu-
tion levels with the values of the thresholds, yielding higher efficiency. However, an
anomaly was observed in the full information treatment when the sum of the thresh-
olds of the public goods was low.

The paper is organized as follows. Section 2 presents the model and theoretical
predictions. Section 3 describes the experimental design and procedures. Section 4
analyzes the contribution rates and efficiency under the two information conditions
and discusses the possible interpretations of subjects’ behavior under the full infor-
mation condition. Section 5 includes the discussion and conclusion of the paper. The
Appendix includes full proofs of the propositions and additional tables.

2 The model

We model the situations of charitable giving and volunteering as a multiple pub-
lic goods game with a threshold on effective contributions. In analyzing situations
involving dynamic decision processes, it is important to distinguish between the
analysis based on the final outcome of the game and the dynamics of the play. Here,
we focus on the final outcome of the game and analyze the situation as a one-shot
static game.

Let N = {1,...,n} be the player set. We assume for simplicity that there are
only two public goods, A and B. In this game, each player i decides on a strategy
x; = (x},xP), which equals (1, 0) when i contributes to public good A, (0, 1) when i
contributes to public good B, and (0, 0) when i does not contribute to either public

4 Because the threshold is a point at which the marginal return from the public goods changes, this study
is also related to the literature on the public goods game with certain/uncertain marginal per capita return
(MPCR) at the time the contribution is made. The effects of MPCR uncertainty in enhancing cooperation
are mixed (see, for example, Dickinson, 1998, Gangadharan and Nemes, 2009, Levati et al., 2009, Stod-
dard, 2015, Butera et al.,2020, Cox and Stoddard, 2021).
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good. Thus, the decision to contribute to a public good is binary (contribute or not
contribute), and the players cannot contribute to both public goods at the same time.

For each public good, there is a threshold on effective contributions such that
any contribution higher than the threshold does not increase the value of the pub-
lic good. Let k denote a public good (k € {A, B}) and d* € N denote k’s threshold
on effective contributions. We assume that any contribution less than or equal to
d* benefits each member of the society by a constant value of u > 0 (we will call
such contribution “effective”), but any contribution larger than d* yields no benefits.
Thus, the benefit that each player obtains from public good k under the strategy pro-
file x = (x,, ..., x,) is calculated as

u X min fo,dk

JjeN

We assume that d* is determined randomly by nature. It takes an integer value
between 1 and | n/2 ] with equal probability.” We set the largest value to [n/2] so that
it is possible to satisfy the threshold for both public goods if all members of society
contribute. We also assume that ¢* and d” are independent.®

The payoff of a player is determined by the endowment E, the costs of contribut-
ing to the public good, and the benefits obtained from the public goods. We denote
the cost of contribution as ¢ and assume that nu > ¢ > u. Thus, the cost of contri-
bution is larger than the personal benefit obtained from the public good when the
contribution is effective but is less than the benefit of an effective contribution to the
whole society. To summarize, the payoff for player i under strategy profile x can be
calculated as follows:

ﬂi(x):E—c(xiA+xf)+uxmin Zx;‘,dA + u X min fo,dB (D

JEN JEN

The two information conditions differ in whether the realized values of d@* and d?
are known or unknown to the players when they make their contribution decision.
The values are known in the full information condition, and they are unknown in the
partial information condition. To make the analysis of the full information condition
simple and easily comparable with that of the partial information condition, we ana-
lyze the former conditional on the realized values of @* and d®.

5 |-]and[-] represent rounding a decimal down and up to a whole number.

6 The independence between the thresholds is the main difference between this model and the model
analyzed in Takeuchi and Seki (2023). Their model assumed that @* € N and d4 + d® < n and that all
combinations of d@* and d® are equally likely. This makes the values of @* and d”® dependent and nega-
tively correlated. However, recalling that the thresholds resemble the need for contributions to social ser-
vices, their values are more likely to be independent (or positively correlated in the case of correlation).
Thus, we changed the model accordingly.

7 Otherwise, we must treat x; as an action profile and define a strategy profile of player i as a set that
defines an action x; for each possible realization of ¢ and d®.
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2.1 Theoretical prediction

We analyze the game by solving the Nash equilibrium for three benchmark cases
that differ in the social preferences of the players. For this analysis, we assume that
the payoffs of the game are monetary payoffs, and players’ preferences may depend
on the monetary payoffs obtained by themselves and the other group members. The
first benchmark is the case where all players are selfish, maximizing their own mon-
etary payoffs. The second benchmark is the case where all players are prosocial,
maximizing the sum of the payoffs of all group members. The third benchmark is
the case where there are m prosocial players and n — m selfish players in the group.
The full proof of the propositions is in the Appendix.

The Nash equilibrium of the first benchmark case with all selfish players follows
the same logic as that of linear public goods games. For both information conditions,
the dominant strategy is to not contribute to either public good. For the full informa-
tion condition, this follows from the fact that ¢ > u. For the partial information condi-
tion, to compare the marginal cost ¢ and the marginal benefit of contribution, players
must calculate the expected value of contribution because the realized values of g4
and d® are not known. However, because the expected value of contribution includes
the possibility of wasting one’s contribution, it will always be less than or equal to .
Thus, in both information conditions, the cost of contribution is always greater than its
benefit, so the dominant strategy is to not contribute to either public good.

The second benchmark case considers situations in which all players are prosocial
and maximize the sum of the monetary payoffs of all group members. Propositions 1 and
2 state the Nash equilibria for the full and partial information conditions, respectively.®

Proposition 1 (Takeuchi & Seki, 2023) Let i € N, and assume that all i are proso-
cial. In the full information condition, for any (d*,d®), x* is a Nash equilibrium if
Z;’zl xj’.kk =d*fork € {A,B).

Proposition 2 Let i€ N, and assume that all i are prosocial. Denote
§=1+ {|n/2|(nu - c)}/nu. In the partial information condition, x* is a Nash equi-
librium ifz;lzl x** = ¢ for k € {A, B}, where s** = |§| when § is not an integer and

j
s** € {13], |8] — 1} otherwise.”'°

8 Because the difference between this model and that of Takeuchi and Seki (2023) is in how the thresh-
old values are randomized, Proposition 1 directly follows from their Proposition 3.
® When n is even, |n/2] = n/2, so § can be rewritten as

- 2
n +n+

§=—c
2nu 2

and when n is odd, |n/2| = (n — 1)/2, so it can be rewritten as

1-n n+1
+ )
2w T T2

w>

10 When % is an integer, the players are indifferent between making and not making the |§|-th contribu-
tion. Thus, | 3] and |§] — 1 can both be s**.
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The intuition behind Proposition 1 is as follows. When a player is prosocial, the
benefit of effective contribution nu is larger than the cost of contribution ¢ due to
the assumption that nu > ¢. Moreover, contributions beyond the threshold d* are not
preferred because they yield no benefit. Thus, in equilibrium, the sum of contribu-
tions to public goods k equals its threshold on effective contributions d*.

To see the intuition behind Proposition 2, consider a player in the partial infor-
mation condition deciding whether to be the s-th contributor to public good k. Given
that s — 1 other players are contributing to public good k, the expected marginal ben-
efit of the s-th contribution is nu{|n/2| — (s —1)}/|n/2], which is the marginal
benefit obtained if the contribution is effective (nu), multiplied by the probability of
the contribution being effective. Thus, a player prefers to be the s-th contributor if

nu{|n/2] — (s — D} 2 c|n/2] @

holds. Solving Eq. (2) for s yields s <1+ {|n/2|(nu—c)}/nu=3. Since the
expected marginal benefit of the s-th contribution decreases as s increases, any strat-
egy profile in which the sum of contributions is equal to | §], the largest integer s that
satisfies this inequality, would be an equilibrium.

The third benchmark case generalizes the two previous benchmark cases. For
simplicity, we assume that players are either prosocial or selfish, that there are m
(0 < m < n) prosocial players, and that each player’s type is common knowledge.'!
We denote the set of prosocial players as P C N and the set of selfish players as
N\P. This is a simple model of preference heterogeneity and uses an unrealistic
assumption that players know the preference types of others. However, due to its
simplicity, this model yields an insightful prediction of what would happen in the
presence of preference heterogeneity and serves as a good benchmark to understand
the experimental results.

First, we consider the case of the full information condition.

Proposition 3 Let i € P be prosocial and j € N\P be selfish. Let x* be a Nash equi-
librium of the game under full information conditions with some (d*,d?). Then, x*
satisfies the following:

. xlx = (0,0) for all j € N\P.
o W +dP <m, ¥, px* =d fork € {A,B).
o Ifd* +d® >m, Y, px* <dfork € {A,B}and 3, p(x** +x5) = m.

The intuition behind Proposition 3 is as follows. First, the selfish players do not
contribute, following the same reasoning as explained in the first benchmark case.
Second, a prosocial player contributes if the contribution is effective. If the number
of prosocial players is larger than the sum of the thresholds, it is possible to satisfy
the thresholds of both public goods. In contrast, if the number of prosocial players

Il Thys, this model is the same as the first benchmark case, where all players are selfish, when m =0
and is the same as the second benchmark case, where all players are prosocial, when m = n.
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is less than the sum of the thresholds, all prosocial players will contribute to one of
the public goods, but the sum of the contributions will be less than or equal to the
threshold of each public good.

Let us consider a sum of contributions with respect to the sum of the thresholds
of the two public goods in equilibrium (Z;=1(X;A + x;‘B) /(@ + d®)). This value
shows how well the group fulfilled the required level of contributions to the public
goods. In the equilibrium in Proposition 3, when d* + d® < m, this value is 1, and
when d* + d® > m, it decreases as d* + d” increases. Thus, Proposition 3 implies
that given the limited number of prosocial players in the group, it is easier to satisfy
the need when the threshold is lower.'?

Next, we solve the third benchmark case for the partial information condition.
The essence of the proof is the same as that of Propositions 2 and 3: selfish players
do not contribute to either public good, and prosocial players do contribute as long
as the expected marginal benefit of the contribution is larger than the marginal
cost.

Proposition 4 Leti € P be prosocial and j € N\P be selfish. Let x* be a Nash equi-
librium of the game under the partial information condition, and let s** = |5| when §
is not an integer and s** € {|3], |5] — 1} otherwise for k € {A, B}. Then, x* satisfies
the following:

. x;‘ =(0,0) for all j € N\P.
o Ifs*h 458 <m, ¥, px* = s* for k € {A, B).
o Ifs* +58 > m, (Ticp ¥, Xicp X8 € {(Im/2], [m/21). ([m/2], |m/2])}.

The second point in Proposition 4 covers the cases when there are enough proso-
cial players to satisfy s** + s*5, the sum of contributions in the equilibrium of the
case when all players are prosocial. Then, the sum of the contributions by the proso-
cial players is the same as that in Proposition 2. The third point covers the case when
there are not enough prosocial players. Then, because the expected marginal benefit
decreases as the number of other contributors increases, in equilibrium, the sum of
contributions to each public good is approximately equal to m/2: when m is even, it
is exactly equal to m/2, and when m is odd, it is equal to |m/2 ] and [m/2].

Finally, we compare the equilibrium outcomes across the two information con-
ditions assuming the same distribution of preference types. If there are no proso-
cial players, the sum of the contributions and efficiencies obtained in the equilib-
rium are equal between the two information conditions. If there are some prosocial
players, the expected value of the contributions is equal in the two conditions or is
higher in the partial information condition than in the full information condition

12 We can also interpret this implication from the perspective of m. Suppose that there are two groups,
each with m’ and m” prosocial players (m’ > m"). Then, the ratios of the contribution sum to the thresh-
old sum both equal 1 when d* + d® < m”, and the ratio is higher in the group with m’ prosocial players
when d* + d? > m"".
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if nu > 2(c + u)."> However, the efficiency obtained in equilibrium will be higher
in the full information condition than in the partial information condition. This is
because if the number of prosocial players is the same, a loss of efficiency due to
freeriding is equally likely in the two information conditions, whereas a loss of effi-
ciency due to overcontribution is possible in the partial information condition but
will not occur in the full information condition.

3 Experimental design

To check the effectiveness of the provision of information about the threshold of
effective contributions in increasing efficiency, we conducted a laboratory experi-
ment. The experiment used the multiple public goods game with a threshold on
effective contributions defined and analyzed in the previous section but allowed for
dynamic contributions. The details of the game are explained in the next subsection.
We compared the full information and partial information conditions in a between-
subject design.

3.1 The implemented game

We compared the multiple public goods game with a threshold on effective con-
tributions under the full and partial information conditions. For both information
conditions, we used the following parameters: the number of group members n was
6, the endowment E and the cost of contribution ¢ were 500, and the benefit of the
effective contributions to the public goods u was 250. Thus, the MPCR was 0.5 for
effective contribution. Because n is 6, the threshold of effective contributions d*
(k € {A, B}) takes a value of 1, 2, or 3 with equal probability.

The differences between the game defined in Sect. 2 and the game implemented
in the experiment are that in the experiment, (1) the game allowed for dynamic con-
tributions and (2) the game was repeated for 10 rounds using the partner matching
protocol. We explain each point in turn.

In the experiment, each decision round lasts 30 s. The participants can decide to
contribute to public good A or to public good B at any time, and the contributions
made in the group are updated and shown to all the participants in the same group
in real time. Once a participant contributes, the decision cannot be changed, and
when a participant does not take any action during a 30-s window, the participant
is regarded as not contributing. Thus, a decision to contribute to public good A (or
B) at any time during the 30 s is regarded as choosing strategy (1, 0) (or (0, 1)), and
a decision to not take any action during the 30 s is regarded as choosing strategy
(0, 0). Then, we use the payoff function defined in Eq. (1) to calculate the points
participants obtain in the round.

13 If this condition holds, § calculated in footnote 9 will be larger than the expected value of the thresh-
old, (|n/2] + 1)/2, for both even and odd n. Therefore, the expected value of contributions will be equal
or higher in the partial information condition than in the full information condition.
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This game was repeated for 10 rounds in the same group. In each round and for
each group, the threshold value of each public good was randomly determined. This
was true for both the full and the partial information conditions. Although the par-
ticipants in the partial information condition were not able to observe the values of
the thresholds, the realized values were determined before the decisions were made.

Given the parameters of the experiment, s** in Proposition 2 was 2 and 3. This is
because Eq. (2) holds with equality. Thus, in the partial information condition, if
there were enough prosocial participants, the sum of the contributions to each public
good in equilibrium (zle XA, le xBywas (2,2), (2,3), 3,2), 0r (3, 3).

3.2 Procedures

The experiment was conducted online using Zoom, an online video communica-
tion tool. To ensure anonymity among the participants, each participant’s name was
changed to their participant identification number before they joined a zoom room
with other participants, the video was turned off, the settings were adjusted so that
the profile picture would not be displayed, and the participants were able to send
chat messages to the experimenters only. Before the experiment started, the par-
ticipants were asked to check their audio systems. Only those participants whose
audio systems were working correctly were allowed to join the experiment. Before
the experiment started, the participants were asked to fill out a questionnaire on
Google Forms that asked for private information such as postal addresses and email
addresses, which were required to make payments.'*

Once the experiment started, the experimenter shared the PowerPoint slides in a
Zoom window. Verbal instructions read aloud by the experimenter were prerecorded
and included on the PowerPoint slides. First, the participants received oral explana-
tions of the consent form and signed it by clicking through a webpage containing the
consent form. Then, detailed instructions on the rules of the game and the experi-
ment were given. The instructions used neutral terms, and all the rules of the game,
including the number of repetitions and the payment method, were explained to the
participants. After the instructions were given, the participants took a quiz to check
their understanding. The participants who passed the quiz proceeded to the deci-
sion-making task of the experiment. First, there were 2 practice rounds so that the
subjects could become familiar with the computer program and accustomed to the
30-s time limit. After the practice rounds, the groups were shuffled so that the deci-
sions made in the practice rounds would not affect behavior in the decision-making
tasks. Then, the participants made decisions for 10 rounds in these groups. When
the participants finished the decision-making task, they automatically proceeded to
the postexperiment questionnaire. The consent form, quiz, practice rounds, decision-
making task, and postexperiment questionnaire were all programmed and conducted
using olree (Chen et al., 2016).

14 The file with this information was kept separate from the data file and was deleted after the payment
was completed.
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Each round of the decision-making task consisted of a decision-making screen
and a feedback screen. An example of a decision-making screen for the full infor-
mation condition is shown in Fig. 1. In the pull-down menu under “Your Invest-
ment Choice,” the participants could choose “Invest in A” or “Invest in B.” When
they pressed “Confirm,” the decision was finalized, the pull-down menu disappeared
from their screen, and the numbers in “Current Amount of Investments” in the table
were updated according to their decision.

The difference between the screen in Fig. 1 and the screen for the partial infor-
mation condition was the lack of information on the “necessary amount of invest-
ments”, which was the name used for the threshold of effective contributions in the
experiment. The columns in the table were the same in both treatments, and only
the numbers were missing in the partial information condition. This was to ensure
that the participants understood that the values of the thresholds were predetermined
even though they were not shown.

After 30 s, all the participants’ screens switched to the feedback screen. Here, the
participants received the following information: the decision the participant made,
the threshold value, the total amount of contributions, and the benefits obtained for
each project as well as the points the participant kept, the sum of the benefits from A
and B, and the points participants gained from this round. The information provided
on this page was the same in both information conditions. The participants in the
partial information condition were able to see the threshold value of that round at
this point and check their performance.

After the final round, the participants were informed of two rounds that were ran-
domly chosen to determine their payments. The points obtained in the two randomly
chosen rounds were exchanged at a rate of 1 point =1 yen and paid together with the
participation fee of 500 yen. Participants were reminded of the choices they made
and the points they received in the two chosen rounds and were shown the amount of
payment they would receive after the experiment.

In the postexperiment questionnaire, participants were asked about their age and
gender, the college they belonged to, their subjective evaluation of their understand-
ing of the rules of the experiment, their subjective evaluation of their willingness to
take risks (Dohmen et al., 2011), and their social value orientation (SVO) using the
slider measure developed by Murphy et al. (2011)."> Additionally, there were several
open-ended questions on the ways they made their decisions.

15 We calculated individuals’ SVO angles based on their answers to the six primary questions developed
by Murphy et al. (2011). They defined an SVO angle as an arctangent of the following expression: (mean
allocation for the others - 50)/(mean allocation for self - 50) (p. 773). Individuals were categorized into
three SVO types (prosocial, individualistic, and competitive) according to the boundaries of SVO angles.
The SVO angles of the participants in the experiment ranged between —16.26 and 46.77. 95 participants
with SVO angles greater than 22.45 were categorized as prosocial individuals, 47 participants with SVO
angles between —12.04 and 22.45 were categorized as individualistic individuals, and two participants
with SVO angles below —12.04 were categorized as competitive individuals.
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Period 1 Investment Choice
Remaining Time: 0:26
Necessary Amount of Investments Current Amount of Investments

Project A 1 0

Project B 3 0

Your Investment Choice:

Fig. 1 Sample of a decision-making screen (full information treatment)

3.3 Implementation

The experiment was conducted in September 2022 participated by undergraduate
students at Ritsumeikan University.'® The participants were recruited through an
advertisement posted on the university’s learning management system. In total, 8
sessions were conducted, and 144 students (84 in the full information and 60 in the
partial information treatment) participated in the experiment.

The characteristics of the participants in each treatment are summarized in
Table 1. Although we randomly assigned the treatments to sessions, there were sig-
nificantly more female participants in the partial information treatment. There were
no statistically significant differences in the other characteristics. One point to note
is that the average of the subjectively evaluated understanding of the experimental
rules was high in both treatments; the participants understood the rules of the game
well.

Table 2 shows the realization of threshold combinations in each treatment. Since
each threshold value was randomly determined with equal probability, symmetric
threshold cases were expected to occur with a probability of 1/9, whereas asym-
metric threshold cases were twice as likely to occur. Most importantly, there was no

16 This experiment was approved by the Ritsumeikan University Ethics Review Committee for Research
Involving Human Participants.
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Table 1 Participant pool characteristics

Full information Partial information

Observations Mean Observations Mean p value*
Age (year) 84 20.69 59 20.75 0.96
Female (proportion) 83 0.54 58 0.33 0.02
Understanding 84 4.58 60 4.67 0.21
Risk attitude 84 4.15 60 433 0.64
SVO angle 84 25.54 60 23.71 0.74
Prosocial (proportion) 84 0.68 60 0.63 0.60

*Female and Prosocial report the values of Fisher’s exact test, The others report the values of the Wil-
coxon rank-sum test, Risk attitude is on an 11-point Likert scale (0 = Completely unwilling to take risks,
10 = Very willing to take risks), Understanding is on a 5-point Likert scale (1 = Did not understand at
all, 5 = Understood very well)

Table 2 Realization of

thresholds (d*,d®) Full information fi‘?;tial informa-
(1, 1) 23 (0.164) 9 (0.09)
(1,2), (2, 1) 33 (0.236) 28 (0.28)
1,3), 3, 1) 34 (0.243) 24 (0.24)
2,2) 10 (0.071) 15 (0.15)
(2,3),3,2) 25 (0.179) 12 (0.12)
(3,3) 15 (0.107) 12 (0.12)

Frequency and relative frequency in parentheses are reported

significant difference in the distribution of combinations of thresholds between the
treatments (p value = 0.2 using Pearson’s chi-squared test).

The experiment lasted for approximately 1.5 h. The average payment was 2292
yen (approximately US$16 at the time of the experiment), including the participa-
tion payment. This amount would allow the students to buy approximately 4 to 5
lunch boxes on campus. The payment was made using an emailed Amazon gift card
and was sent on the day the experiment was conducted.

4 Results

In this section, we report the experimental results and examine the following exper-
imental hypotheses. The hypotheses are derived from the theoretical propositions
assuming that some participants in a group are prosocial and that the distribution of
the number of prosocial individuals in a group is the same in the two treatments. We
consider this a reasonable assumption to adopt since, according to the SVO meas-
ures, 4 out of 6 group members on average are categorized as “prosocial” in both
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treatments.!” However, the caveat is that the “prosocial” participant categorized
using the SVO measure of Murphy et al. (2011) does not coincide with the prosocial
player assumed in the model.

We derive three hypotheses: one regarding contributions; one regarding
Yie N(x;‘ + xf )/(d* + d®), which is the extent of the group-level contribution relative
to the sum of the thresholds of the two public goods (henceforth, the ratio of the
contribution sum to the threshold sum); and one regarding efficiency.

e HI: The average contribution in the full information treatment is no greater than
that in the partial information treatment.

e H2: In the full information treatment, the ratio of the contribution sum to the
threshold sum is 100% up to a certain level of threshold sum and gradually
decreases beyond that level. In the partial information treatment, the ratio will
be highest when the threshold sum is lowest and decrease as the threshold sum
increases.

e H3: The average efficiency in the full information treatment is greater than that in
the partial information treatment.

4.1 Contribution rates

Figure 2A shows the average contribution rates of individuals in each round. The
mean individual contribution rates are 0.43 in the full information treatment and
0.36 in the partial information treatment. Using each group’s contribution rates
averaged over 10 rounds as a unit of observation, the result of the Wilcoxon rank-
sum test does not reject the null hypothesis that the medians of the two treatments
are equal (p value = 0.205). However, this analysis does not take into account the
values of the thresholds of the two public goods. This is expected to affect the con-
tribution level in the full information treatment. Figure 2B shows the average sum of
contributions conditional on the threshold sum and treatment. As the figure shows,
in the full information treatment, the average sum of contributions increases as the
threshold sum increases, whereas in the partial information treatment, it does not
vary with the threshold sum.

Table 3 reports the results of the random-effect Tobit regression using the sum
of the contributions in group as a dependent variable to verify the above observa-
tions.'® The insignificant coefficient of the treatment dummy variable (Full informa-
tion) in column [1] supports the abovementioned insignificant difference in mean
contribution rates between the full and partial information treatments. Thus, H1 is

17 The average numbers of prosocial group members are 3.80 and 4.07 in the full and partial informa-
tion treatments, respectively. There is no statistically significant difference between the two treatments in
the median number of prosocial members in a group (the p value of the Wilcoxon rank-sum test is 0.55).

'8 Tables 9 and 10 report the results of a similar regression (the multilevel mixed-effect probit model and
random-effect probit model, respectively) using each individual’s contribution decision in each round as a
dependent variable. The results were qualitatively the same.
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A: Transition B: Contributions conditional on threshold sum
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Fig.2 Contribution rates: A the transition of the rates; B Contribution sum conditional on the threshold
sum

not rejected. However, although the coefficient is insignificant, it is positive. The
sign of the coefficient is not consistent with H1, which predicts that the average con-
tribution in the partial information treatment will be equal to or higher than that in
the full information treatment.

The specifications of columns [2] and [3] include the sum of the thresholds and its
interaction with the information condition. In addition, the specification in column
[3] controls for group characteristics such as the group average of the self-reported
risk-taking attitude and the numbers of prosocial participants and female partici-
pants in each group. The insignificant coefficient of the threshold sum confirms
that in the partial information treatment, the average group contribution does not
vary with the threshold sum. The positive and significant coefficient of the threshold
sum with the full information treatment indicates the effect of information on the
thresholds in the full information treatment: The higher the threshold sum, the larger
the average group contribution becomes. These findings match the observations of
Fig. 2B. The positive and significant coefficient of the average number of prosocial
participants in column [3] is consistent with the theoretical analysis that predicts an
increase in contribution rates with the number of prosocial individuals in the group.

With the parameter estimates in column [3], the predicted group average contri-
bution in the full information condition is smaller than that in the partial information
condition when the threshold sum is 2. The predicted group average contribution in
the full information condition exceeds that in the partial information condition when
the sum of the thresholds is strictly greater than 3."°

Taking these results together, we summarize the observations on average contri-
butions as follows:

19 Adopting the average numbers of prosocial and female participants, and the average value of risk atti-
tude of the group reported in Table 1, when the threshold sum is 2, the predicted group contributions
of the full information and the partial information conditions are 0.97 and 1.93, respectively. When the
threshold sum reaches 4, the predicted value of the full information condition becomes 2.67, while that
of the partial information condition is 2.09.
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Table 3 Group level contribution by information on the threshold

(1]

(2]

(3]

Coefficient  p value

(Std. Error)

Coefficient  p value

(Std. Error)

Coefficient  p value

(Std. Error)

Full information 0.437 0236  —2.556 0.000 —2.348 0.000
(0.369) (0.573) (0.642)
Threshold sum 0.065 0375  0.084 0.329
(0.073) (0.086)
Full informationxThreshold sum 0.779 0.000  0.763 0.000
(0.118) (0.128)
Risk attitude (group average) 0.202 0.260
(0.180)
Number of prosocial participants 0.162 0.053
(0.084)
Number of female participants —0.117 0.337
(0.122)
Constant 2.082 0.000  1.847 0.000  0.501 0.574
(0.280) (0.468) (0.890)
Group-level variance component  0.475 0.013  0.471 0.000  0.376 0.002
(0.191) (0.104) (0.123)
Overall variance component 1.395 0.000 1.144 0.000 1.145 0.000
(0.103) (0.072) (0.079)
Observations 240 240 240
Log likelihood —414.514 —372.454 —369.392

Random-effect Tobit model, Dependent variable is the amount of contribution at the group level in each
round to both public goods, Bootstrapped standard errors are based on 24 groups

Result 1 H1 is not rejected, as the aggregated average contributions do not differ
between the treatments. Conditioned on the threshold sum, the average contribu-
tion tends to be lower in the full than in the partial information treatment when the
threshold sum is low but higher when the threshold sum is high.

4.2 The ratio of the contribution sum to the threshold sum

The preceding analysis of aggregate contributions ignores the fact that groups face
different threshold values in each round and the fact that it is not efficient for individ-
uals to contribute when the other group members’ contributions satisfy the thresh-
old. To take the effects of information about the threshold values into account, we
examine the ratio of the contribution sum to the threshold sum, that is, the extent to
which the sum of contributions in each group satisfies the threshold sum. This ratio
equals 1 if the sum of the contribution in the group exactly matches the threshold
sum. The value is greater than 1 if the contribution sum exceeds the threshold sum
and equals O if all group members completely freeride. It is important to note that a
higher ratio does not necessarily imply higher efficiency. Because we simply use the
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sum of the contributions and divide it by the sum of the threshold values, this ratio
can take a value of 1 even when there is excessive contribution to one public good
and undercontribution to the other. Section 4.3 discusses the issue of efficiency.

Figure 3A shows the time trends of the average ratio of the contribution sum to
the threshold sum. The group average of the ratio of the full information treatment
(0.66) is not significantly different than that of the partial information treatment
(0.59) with a p value of 0.40 using the Wilcoxon rank-sum test. Figure 3B shows
the average ratio separately according to the threshold sum. The left graph of the full
information treatment shows that the sum of contributions satisfied approximately
70% of the sum of the thresholds except when the threshold sum was 2. The obser-
vation that the ratio dropped to a low value when the threshold sum was 2 in the
full information treatment is not in line with the theoretical prediction. According to
the prediction, the prosocial participants match the thresholds in equilibrium. Thus,
the ratio of the contribution sum to the threshold sum should equal 1 as long as the
threshold sum is less than or equal to the number of prosocial participants. The ratio
will decrease as the threshold sum becomes greater than that number. The right-
hand graph of partial information shows, as predicted, that the sum of the contribu-
tions with respect to the thresholds decreases as the sum of the thresholds increases.

We summarize the findings on the ratio of the contribution sum to the threshold
sum as follows:

Result 2 The ratio does not vary with the thresholds in the full information treat-
ment, whereas in the partial information treatment, it decreases as the thresholds
increase. The observation in the full information treatment is not in line with H2, but
the observation in the partial information treatment is in line with H2.

We examine the observed anomaly, i.e., the low ratio of the contribution sum to
the threshold sum when the sum of the threshold is 2, in Sect. 4.4, where we investi-
gate the timings of contribution decisions.

4.3 Efficiency

To examine whether the provision of information improves efficiency, we calculate
the efficiency measured as the ratio of the difference between the actually attained
and minimum attainable group payoffs and the difference between the maximum and
minimum attainable group payoffs.”’ Figure 4A plots the average efficiency for each
round. The average group efficiency across rounds of the full information treatment
is 0.71, which is significantly higher than that of the Partial-information treatment

20 The maximum group payoff is attained when the sum of the contributions to each public good
matches its threshold. The minimum group payoff is attained in one of the two following cases: when the
sum of the contributions equals zero for both public goods or when all the contributions are made to the
public good with a smaller threshold. When the smaller threshold of the two public goods is sufficiently
small, the latter case attains the minimum group payoff because the payoff loss of excessive contribution
exceeds the payoff loss of freeriding.

@ Springer



The Japanese Economic Review (2023) 74:379-411 397

c A: Transition B: Ratio of contribution sum to threshold sum, conditional on threshold sum
3 1.00 - £ Full Partial
o 3 1.25-
[} (2]
< o
S o]
£ £
o 075- :“:: 1.00
g 2
» 0.4
< E 075- l
£ 050- g I I
,g ] 0.69 0.7
c o 0.50-
S g 0.6
5 S !
o 025- o 0.46
= S 0.25-
@ o 0.36
Py =
©
& 14
g 0.00- 0.00-
x ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
2 4 6 8 10 2 3 4 5 6 2 3 4 5 6
Round Threshold sum

Fig. 3 Ratio of the contribution sum to the threshold sum: A the transition of the ratio; B ratios condi-
tional on the threshold sum

A: Transition B: Efficiency conditional on threshold sum

1.00- Full Partial
1.00-

o
~
@
'

oo ———t

g
>
& g I I 0.83
8 3
= S 072 . I
w &= 0.67 :
4] W o0.50- 0.62
=4 [
S o
° © I
z 9]
o 3
0.25 < 025- 0.36
0.00- 0.00-
1 ' ! 1 ! ' ' I I ' ' ' I I '
2 4 6 8 10 2 3 4 5 6 2 3 4 5 6
Round Threshold sum

Fig.4 Efficiency: A the transition of the efficiency; B Efficiency conditional on the threshold sum

(0.60), with a p value of 0.019 using the Wilcoxon rank-sum test. Figure 4B shows
the average efficiency of the group outcomes for each treatment separately by thresh-
old sum. In the full information treatment, it appears that the efficiencies are approx-
imately the same for all threshold levels, while in the partial information treatment,
the efficiencies tend to decline with the threshold.

Table 4 reports the results of random-effect Tobit regression using the efficiency
measure as a dependent variable. The coefficients on the treatment dummy variable
in column [1] are positive and significant, confirming that information on the thresh-
olds improves average outcome efficiency. The specifications in columns [2] and
[3] include the sum of the thresholds and its interaction term with the information
condition to capture the differential impact of threshold sum by the informational
condition on the outcome efficiencies. The negative and significant coefficient of the
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threshold sum in columns [2] and [3] indicates that the average efficiencies correlate
negatively with the sum of the thresholds in the partial information condition. The
positive and significant coefficient of the interaction term implies that this negative
effect of the threshold sum is offset mostly in the full information treatment. As a
result, the average efficiencies remain relatively stable by the threshold sums in the
full information condition. Both implications confirm the observations gained from
Fig. 4B.

Using the estimated parameters in column [3], the estimated efficiency of the full
information treatment is lower than that of partial information when the sum of the
thresholds is 2, and it exceeds that of partial information when the summed thresh-
old is 3 or greater.?!

The next result follows from the above.

Result 3 The efficiency of the group outcome is higher in the full information treat-
ment than in the partial information treatment. This observation supports H3.

Finally, we analyze the nature of the inefficiency, that is, whether the inefficiency
is due to under- or overcontribution with respect to the thresholds. Recall that in
the game analyzed, inefficiency can occur both from undercontribution (the sum of
the contributions is strictly less than the threshold) and from overcontribution (the
sum of the contributions is strictly more than the threshold). Freeriding increases the
occurrence of undercontribution, and coordination failure increases the occurrence
of overcontribution. Returning to the initial motivation of this study, we thought
coordination failure was a problem worth investigating in the provision of multiple
public goods with thresholds of effective contributions. This is because overcontri-
bution to one public good may cause undercontribution to another, decreasing the
overall efficiency. We then predicted that the provision of information on the thresh-
olds together with information about others’ contributions could reduce coordina-
tion failure, prevent overcontribution, and improve efficiency.

We examine whether the experimental data support this conjecture by investi-
gating the sources of inefficiency. Table 5 lists the inefficiencies disaggregated by
reasons, i.e., by whether they are due to overcontribution or undercontribution with
respect to the thresholds of each public good conditional on the threshold sum. The
values are calculated similarly to the efficiency measures: the reported inefficiency
measure is the ratio of the foregone payoff (i.e., the difference between the actually
attained payoff and the maximum attainable payoff from the good) to the difference
between the maximum and minimum attainable payoffs.

By comparing the rows of undercontribution and overcontribution in Table 5, we
see that efficiency losses are caused mainly by undercontribution rather than over-
contribution in both treatments. Focusing on the first column, we observe that in

21" Adopting the average numbers of prosocial and female participants, and the average value of risk atti-
tude of the group reported in Table 1, when the threshold sum is 2, the predicted efficiencies of full
information and partial information are 0.78 and 0.88, respectively. When the threshold sum reaches 3,
the predicted value of the full information condition becomes 0.76, while that of the partial information
condition is 0.74. When the threshold sum is 6, the predicted efficiencies of full information and partial
information are 0.69 and 0.31, respectively.
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Table 4 Group efficiency by information on the threshold

[1]

(2]

(3]

Coefficient  p value
(Std. Error)

Coefficient  p value
(Std. Error)

Coefficient  p value
(Std. Error)

Full information 0.127 0.023  —0.355 0.003  —0.328 0.025
(0.056) (0.121) (0.146)
Threshold sum —0.145 0.000 —0.144 0.000
(0.011) (0.012)
Full informationxThreshold sum 0.122 0.000  0.120 0.000
(0.026) (0.027)
Risk attitude (group average) 0.020 0.569
(0.036)
Number of prosocial participants 0.043 0.037
(0.020)
Number of female participants —0.022 0.509
(0.033)
Constant 0.613 0.000  1.180 0.000  0.965 0.000
(0.034) (0.069) (0.145)
Group-level variance component  0.087 0.000  0.100 0.000  0.081 0.000
(0.024) (0.020) (0.022)
Overall variance component 0.254 0.000  0.228 0.000  0.227 0.000
(0.014) (0.020) (0.020)
Observations 240 240 240
Log likelihood —66.222 —46.038 —43.017

Random-effect Tobit model, The dependent variable is group outcome efficiency in each round, Boot-
strapped standard errors are based on 24 groups

the partial information condition, even when the threshold value is as low as 2, the
inefficiency caused by overcontribution amounts to only 0.048.2> Moreover, in the
full information treatment, when the threshold sum is 2, the inefficiency caused by
undercontribution remains high (0.323). This indicates that the observed anomaly in
Result 2 is caused by this high inefficiency due to undercontribution.

At this point, it is important to recall that the problem of coordination failure
may account for not only the efficiency loss of overcontribution to one good but
also the efficiency loss of undercontribution to another good. In such a case, the effi-
ciency foregone due to overcontribution to one good is higher than the inefficiency

22 The reason for this low efficiency loss caused by overcontribution in the partial information treatment
is due to the low average contribution level. From Fig. 2B, we can see that the sum of contribution is
approximately 2 or less in the partial information treatment. Since the minimum threshold sum is 2 in
the experimental setting, a contribution of 2 or less will not cause overcontribution unless the contribu-
tions are made to the same public good. It is likely that the reduction in inefficiency due to overcontribu-
tion in the full information treatment is small because the inefficiency caused by overcontribution is low
in the partial information treatment.
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Table5 Sources of inefficiency: Threshold sum
percentage of lost payoff

2 3 4 5 6

Full information
Efficiency loss 0.329 0212 0275 0376 03
Overcontribution 0.006 0.01 0.011 0.008 0
Undercontribution ~ 0.323  0.202  0.264 0.368 0.3
Partial information
Efficiency loss 0.175  0.31 0.379  0.583  0.639
Overcontribution 0.048 0.024  0.02 0 0
Undercontribution ~ 0.127 0.286  0.36 0.583 0.639

Table 6 Sources of inefficiency: frequency of outcome categories

Observations Efficient (EF) Freeriding (FR) Coordination ~ FR-CF

failure (CF)
Full information 140 30 99 4 7
(proportion) 1 0.21 0.71 0.03 0.05
Partial information 100 9 74 6 11
(proportion) 1 0.09 0.74 0.06 0.11

“Efficient (EF)” refers to the case in which the contribution sum exactly satisfies the threshold for each
public good, “Freeriding (FR)” occurs when the summed contribution to each public good is less than
or equal to the threshold and strictly less for at least one public good, “Coordination failure (CF)” refers
to the case in which the summed contribution to at least one public good exceeds the threshold and the
excess is sufficient to cover any shortage of contributions directed to another public good, “Freerid-
ing and coordination failure (FR - CF)” occurs when the summed contribution to only one public good
exceeds the threshold and the excess contribution to one public good is insufficient to offset the shortage
of the others

of overcontribution to the good. Taking this limitation in mind, to evaluate the fore-
gone efficiency by coordination failure, we classify the group outcomes into the
efficiency categories in Table 6: “Efficient (EF)”, “Freeriding (FR)”, “Coordination
failure (CF)” and “Freeriding and coordination failure (FR - CF)”. The frequency
of outcomes categorized as FR - CF was small in both treatments. Based on this,
we consider that the inefficiencies due to over- and undercontribution measured in
Table 5 are good approximations of the inefficiencies caused by coordination failure
and freeriding, respectively. This leads us to the next result.

Result 4 In both information treatments, the efficiency loss due to coordination fail-
ure is low. The improvement in efficiency in the full information treatment compared
to the partial information treatment is mainly derived from the decrease in freerid-
ing, i.e., the undercontribution with respect to the threshold.
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4.4 Timing of contributions

The previous analysis focused on the final outcome of each period at the group level.
However, because the participants in the experiment can make dynamic contribu-
tions, analyzing the timing of contributions provides a deeper understanding of the
individuals’ contribution behavior.

Figure 5 plots, conditional on the threshold sum (expected threshold sum in par-
tial information), the mean ratio of the contribution sum to the threshold sum at each
30-s interval.>? Notably, under the full information treatment, when the threshold
sum is 2, the ratio increases more slowly over the time interval and reaches a much
lower level compared to the levels in cases with other threshold sums. Suppose that
each prosocial individual has his or her own contribution timing and will contribute
if that timing is reached and there is still room for effective contribution. Then, if we
assume that the timing of the contribution is not affected by the threshold sum, the
ratio should increase more quickly when the threshold sum is lower. Therefore, this
observation of the curve for a threshold sum equal to 2 cannot be explained by such
assumptions.

We explore the following two possible explanations for this observation.

e BHI1 Fear of simultaneous contribution by other members: A prosocial partici-
pant may be reluctant to contribute when the thresholds are nearly met because
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Fig.5 Timing of contributions conditional on the treatments and the threshold sum

23 For each second, we calculate the average of the cumulative contribution and divide it by the thresh-
old sum.
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his or her contribution at one point of time may be wasted if other participants
contribute at exactly the same time.

e BH2 Guilt-free freeriding: Prosocial participants prefer freeriding to contribut-
ing if the threshold can be reached without them contributing.

To explore the first possible explanation (BH1), we analyze the contribution trend of
each public good. Figure 6 shows, for the full information treatment, the mean cumu-
lative contributions with respect to the threshold for a public good, conditional on its
threshold and the threshold sum. For example, the first graph in Fig. 6 illustrates the
patterns of contribution to a public good with a threshold of 1 (@* = 1) separately for
each threshold sum (d* + d® = 2,3, 4). If the fear of simultaneous contribution by
other members were the primary cause of the observation for the threshold sum of 2,
we would expect the same trajectories for all threshold sum cases in the first graph,
and the mean cumulative contributions with respect to the threshold would reach the
same level regardless of the threshold sums. This is because in the first graph, only
one more contribution will be effective, independent of the threshold sum, so the
likelihood of contributing at the same time as another group member is the same. In
contrast, the observed contribution trends differ depending on the threshold sums:
when the threshold sum is higher, the timing of contributions is faster, and the con-
tribution rate is higher. This observation does not support BH1 as an explanation for
the anomaly.

To further verify BH1 at individual levels, Table 7 reports the results of regress-
ing individual contribution decisions to a public good with a threshold of 1 sepa-
rately for each public good (column 1 for public good A and column 2 for public
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Table 7 Individual contributions to a public good with a threshold of 1

[1] Public good A [2] Public good B
Coefficient (Std. p value Coefficient (Std. p value
error) error)
Threshold of the other public  0.157 (0.082) 0.054 0.190 (0.092) 0.039
good
Prosocial 0.540 (0.244) 0.027 0.209 (0.202) 0.301
Risk attitude —0.002 (0.070) 0.978 —0.040 (0.039) 0.309
Female 0.075 (0.322) 0.816 —0.023 (0.232) 0.922
Constant —2.298 (0.422) 0 —1.729 (0.266) 0
Observations 354 314
Log likelihood —112.590 —96.384

Random-effect probit model, Dependent variable in column [1] is each individual’s decision to contrib-
ute (= 1) or not (= 0) to public good A in rounds when the threshold of public good A is 1 (similarly for
public good B in column [2]), The robust standard errors clustered at 14 group levels are reported

good B) against the threshold of the other good, controlling for the individual’s
risk-taking attitude, prosocial dummy and gender. The positive and significant coef-
ficients for the threshold of the other public good for both columns confirm the
insight from the first graph of Fig. 6 contradicting BH1.%*

We now examine the second possible explanation (BH2) and investigate whether
there is supporting evidence compatible with guilt-free freeriding. When the number
of potential contributors is larger than the required contribution, prosocial individu-
als may be more likely to withhold contributions because a decision not to contrib-
ute is justifiable to avoid excessive contribution and reduce efficiency losses. Proso-
cial individuals can freeride without feeling guilty about defecting from prosociality.
If such guilt-free freeriding is the cause of the low contribution when the threshold
is low, we can expect less contribution when the permissible number of freeriders,
i.e., the difference between the number of group members (= 6) and the threshold
sum, is large.

Recall that in this experiment, the group size is constant for all groups, and in all
rounds, the permissible numbers of freeriders for a given sum of the thresholds are
invariant. Therefore, from the final outcome of each round, we cannot distinguish
the effects of the values of the thresholds from the effects of the numbers of per-
missible freeriders on contribution behavior. However, as the contribution timing
progresses, the unsatisfied thresholds of the public goods, that is, the differences
between the thresholds and the cumulative contributions already made to a pub-
lic good at a particular time, become variant. Thus, by exploiting the differences
among the unsatisfied thresholds, we can study the effect of the number of permitted

24 However, care must be applied to interpret the results in Table 7 because these regressions do not
reflect the implemented structure of individual decisions precisely. As we explained in Sect. 3.2, the par-
ticipants must decide to contribute to either public good or not to contribute to either public good. This is
different from making the decision to contribute or not to each public good separately.
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freeriders on individual contribution decisions, controlling for the number of neces-
sary contributions.

For analytical tractability, we cluster the 30-s contribution timings into three
time periods: from the 1sz to 10th seconds, from the 11th to 20¢h seconds, and from
the 21st to 30th seconds.” The contribution decisions used for the analysis in the
11th — 20th seconds are the decisions of those who have not contributed by the 114
second regarding whether they contribute by the 20tk second. Similarly, the deci-
sions in the 21st — 30tk seconds are of those who have not contributed by the 21s¢
second regarding whether they contribute by the 30tk second. We study the observa-
tions in the latter two time periods separately but do not study the first time period
because the unsatisfied threshold of each public good equals its threshold, and there-
fore, the effect of permitted freeriders cannot be tracked.

Table 8 reports the results of analyzing the individual contribution decisions
made in the two time zones separately for public good A and public good B. The
dependent variables of columns [1] and [2] are the contribution decisions for public
good A during the 11#h — 20th s and the 21st — 30tk s, respectively. The regressors
include the permitted number of freeriders, the prosocial dummy and their interac-
tion term. The control variables are the unsatisfied threshold of each public good
and the individual’s risk-taking attitude and gender. Columns [3] and [4] correspond
to the contribution decisions for public good B.

The coefficients of interest are those related to the number of permitted freerid-
ers. Consistently negative and significant coefficients for the prosocial type indi-
cate that individuals with prosocial characteristics tend to withhold contributions
when it is more permissible to do so. This finding is in support of BH2, guilt-free
freeriding.

Result 5 The timing of the contribution is delayed when the threshold sum is low.
As a result, the provision of information on the thresholds together with real-time
information on the cumulative contributions reduces contribution rates when the
thresholds are low.

5 Discussion and conclusion

This study examines whether the provision of information on needs together with
information on the real-time updates of others’ contributions help overcome the
twin problems of freeriding and coordination failure prevalent in many social ser-
vices. This question is motivated by examples of charitable actions and volunteer-
ing that require multiple services with different funding and human resource needs
where any excessive contributions beyond these needs are wasteful. We consider
a model with two public goods, each of which has a threshold of effective con-
tribution. Any costly contributions beyond the threshold are wasted. We conduct
an experiment to answer the question of whether, under a dynamic setting, the

25 We thank the anonymous reviewer for suggesting this approach.
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Table 8 Individual decision to contribute to each public good in two time periods

[11PG A, 11-20 [2] PG A, 21-30 [3] PG B, 11-20 [4] PG B, 21-30

sec. sec. sec. sec.
Coeffi- p value Coeffi- p value Coeffi- p value Coeffi- p value
cient (Std. cient (Std. cient (Std. cient (Std.
error) error) error) error)
Unsatisfied 0.149 0.221  0.336 0.000 —0.292 0.034 —0.249 0.022
threshold A (0.122) (0.091) (0.138) (0.109)
Unsatisfied —0.311 0.040 —0.197 0.107  0.232 0.171  0.185 0.063
threshold B (0.152) (0.122) (0.169) (0.100)
Permitted —0.130 0.202 —0.637 0.012  —0.507 0.005 0.018 0.881
freeriders (0.102) (0.253) (0.180) (0.120)
Prosocial 0.975 0.000 —0.349 0405 —0.178 0.532  0.846 0.011
(0.270) (0.419) (0.284) (0.331)
Risk attitude 0.019 0.624  0.087 0.011  0.073 0.130 0.016 0.327
(0.040) (0.034) (0.048) (0.016)
Female —-0.237 0.112  —0.012 0.945  0.295 0314 —0.021 0.887
(0.149) (0.175) (0.293) (0.149)
Prosocial x —0.199 0.031  0.497 0.085 0.246 0.036 —0.283 0.057
Permitted (0.092) (0.289) (0.118) (0.149)
freeriders
Constant —1.412 0.010 —1.238 0.013  —1.351 0.118 —1.684 0.000
(0.549) (0.501) (0.575) (0.438)
Observations 674 571 674 571
Log likelihood —170.854 —140.936 —151.621 —142.768

Random-effect probit model, The dependent variables of columns [1] and [2] are the contribution deci-
sions for public good A during the 11th — 20tk seconds and the 21st — 30th seconds, respectively, Simi-
larly, the dependent variables of columns [3] and [4] are the contribution decisions for public good B,
The observations used in columns [1] and [3] are the decisions of participants who have not contributed
by the 11¢h second, while those in columns [2] and [4] are the decisions of those who have not contrib-
uted by the 21st second, The robust standard errors clustered at 14 group levels are reported

information about the thresholds improves the efficiency of providing multiple non-
linear public goods.

We find that in a dynamic setting, providing information about the thresholds of
effective contribution to multiple public goods enables potential donors and proso-
cial individuals to meet the thresholds (Result 2). Although the provision of thresh-
old information does not generally affect the contribution rate (Result 1), it increases
the average contribution as the threshold level increases. Consequently, the provi-
sion of information promotes the overall efficiency of providing multiple public
goods (Result 3).

These results lead to our conclusion: When information about others’ contribu-
tions is provided, the provision of information on needs can improve outcome effi-
ciency. This result improves upon the findings of Takeuchi and Seki (2023), which
were that under a static game setting, the effects of providing information on contri-
bution needs depend on the balance between the increase in freeriding and decrease
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in coordination failure. Together, the experimental results have the following policy
implication: providing information on needs and dynamic information on to what
extent these needs are being satisfied by others helps improve the efficiency of social
services that face the twin problems of coordination failure and freeriding.

The foregoing analyses and two unexpected results in light of our initial motivat-
ing examples and theoretical analysis suggest some insights about future research.
First, Result 4 implies that the reduction in freeriding, but not the reduction in
coordination failure, improves the outcome efficiency in the full information condi-
tion. This is contrary to our expectation that the provision of information on needs
reduces coordination failure, thereby improving efficiency. In fact, in our experi-
ment, overcontributions rarely occur in the partial information condition, which
may have obscured the expected outcome. The low contribution level in the partial
information condition does not capture the overcontribution that occurs in the moti-
vating examples. Thus, changing the model or the parameter setting to capture these
phenomena is a topic for future research. One possibility is to change the benefits
from the effective contribution so that they are larger than the cost of contribution,
as studied in public goods games with an MPCR larger than 1 (e.g., Saijo and Naka-
mura, 1995).

Another topic for future research is the changeability/instability of prosocial
behavior. The second unpredicted finding is that in the full information condition,
the ratio of the contribution sum to the threshold sum is low, and therefore, there are
high efficiency losses due to freeriding when the threshold is low. The results of the
analysis on contribution timings were in line with the explanation based on guilt-
free freeriding behaviors among prosocial individuals (Result 5). In other words,
prosocial individuals can freeride without feeling guilty about defecting from proso-
ciality if they think there are enough potential donors to cover the social needs. This
is analogous to the concepts of the “bystander effect” in the social psychology and
diminished sense of responsibility. Individuals’ social preferences may be expressed
differently in different social contexts and different informational environments.
Studying the relationship between them will be a fruitful area of research for policy
interventions aimed at promoting desirable behaviors.

A Proof

Proof of Proposition 2 Let t*(x_;) := Zj #ixj.‘ denote the sum of contributions to pub-
lic good k by players other than i in strategy profile x. Suppose that #*(x_;) = s — 1
and 0 <s—1 < |n/2]. Then, the probability that the s-th contribution to public
good k is effective is (|n/2] — (s — 1))/|n/2]. This probability is the same as the
likelihood that the threshold for k is greater than s, so it takes 1 when s =1,
decreases by 1/|n/2] for every s, and equals O when s = [n/2] + 1. Given this prob-
ability, the expected payoff prosocial player i gains from contributing to public good
kis
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nkE — c(tk(x_i) + tk/(x_,«) + 1)

*(xp)

+nuq (/2] = G= 1)/ 1n/2) + Y (n/2] = G = 1)/ /2]
j=1

=

and the expected payoff from not contributing is
nE — o) + 1 ()

5—1 #(x)
+ nu Z([H/ZJ—U—l))/[”/2J+ (In/2] =G =1)/|n/2]
=

J=1

Thus, player i contributes to public good k if

/2] -G -1
c+nu (/2] >0 (A1)
and is indifferent between contributing and not when equality holds. Solving for s
givesus s < 1 + {|n/2|(nu —c)}/nu = 3.

When 3 is not an integer, Equation (A.1) holds with strict inequality, so making
the §-th contribution strictly increases the expected payoff compared to not contrib-
uting, but this is not the case for the § + 1-th contribution. Let s** = ||, the largest
integer s that satisfies Equation (A.1). x* is a Nash equilibrium if ZJEN xj*k = s* for
both k = {A, B}.

When § is an integer, players are indifferent between making and not making the 5-th
contribution. In this case, the Nash equilibrium can be defined as above, but 5% can take
|3] or [8] — 1. Thus, there are four possible sums of contributions for the Nash equilib-
rium: (P oA, 3 o) € {31 18D, (18], 18] = D, (18] = L 18D, (13] = 1, 18] = D}

O

Proof of Proposition 3 Leti € P be prosocial, j € N\P be selfish, and the number of
prosocial players be m (i.e., |P| = m), where 0 < m < n. In this model, the type of
each player is common knowledge. Therefore, the best response of each type does
not change with the homogeneous case: it is better for the selfish player not to con-
tribute because ¢ > u, and it is better for the prosocial player to contribute as long
as the contribution is effective because nu > c¢. Therefore, the sum of the contribu-
tions in equilibrium will only depend on the relative sizes of the number of prosocial
players and the sum of the thresholds.

o If m > d* + d®, there are enough prosocial players to satisfy the thresholds of

both public goods, so x* is a Nash equilibrium if x]’f" =0 for j € N\P for both
k=A,Band },_, x:‘k = d* for both k = A, B.
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o If m < d* + d®, there are not enough prosocial players to satisfy the sum of the
thresholds of both public goods, so all prosocial players will contribute to one of
the two public goods. In this case, x* is a Nash equilibrium if xj’.‘k = 0for j € N\P

forbothk =A,B, Y, px* < d*forboth k = A, B, and ¥, ,(x** + x*#) = m.

O
Proof of Proposition 4 The proof of Proposition 4 follows the same line of reason-
ing as the proof of Proposition 3. The selfish players will not contribute to the pub-
lic goods because the cost of contribution c is larger than u, which is larger than
the expected marginal benefit. The prosocial players will contribute as long as the
sum of contributions s satisfies Equation (A.1). Denote § and s** in the same man-
ner as in the proof of Proposition 2. That is, s** = |§] when 3 is not an integer, and
s** € {|5],|8] — 1} otherwise. Then, the sum of the contributions to each public
good in the equilibrium depends on the relative sizes of s** and m as follows:

e If m> s +5*8, x* is a Nash equilibrium if xj*" =0 for j € N\P for both
k=A,Band Y, px* = s* for both k = A, B.

o Ifm < s + s*5, the sum of the contributions will be less than s** for one or both
public goods. Because the expected marginal benefit from contribution decreases
as the number of contributions increases, it is beneficial for prosocial players to
contribute evenly between the two public goods. Thus, x*is a Nash equilibrium if
k=0 for jEN\P for both k=A,B and

(jzz‘ep x?A’ ZieP ij) € {(Im/2], [m/21]),([m/2], [m/2])}.

B Additional tables

See Tables 9 and 10 .
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Table 9 Individual contribution by information on the threshold
(1] [2] [3]
Coefficient p value Coeffi- p value Coeffi- p value
(Std. error) cient (Std. cient (Std.
error) error)
Full information 0.294 (0.186) 0.113  —1.580 0.000 —1.659 0.000
(0.365) (0.366)
Threshold sum —0.002 0.975  —0.002 0.972
(0.061) (0.062)
Full information X Threshold 0.485 (0.078) 0.000  0.483(0.079) 0.000
sum
Risk attitude 0.099 (0.037) 0.008
Prosocial 0.605 (0.204) 0.003
Female 0.288 (0.194) 0.138
Round —0.054 0.000  —0.060 0.000  —0.060 0.000
(0.014) (0.014) (0.014)
Constant —0.231 0.149 —0.210 0476 —1.111 0.002
(0.160) (0.295) (0.358)
Variance of the random 6.01 x 10734 6.25 x 1073 8.76 x 1073
intercept at group level 6.35x 10718 2.32x 10710 (1.06 x 10718
) ) )
Variance of the random 0.944 (0.170) 1.110 (0.199) 0.936 (0.174)
intercept at individual level
nested in group level
Observations 1440 1440 1410
Log likelihood —822.055 —766.712 —736.792

Multilevel mixed-effect probit model, Dependent variable is contributions at the individual level in each

round to both public goods
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Table 10 Individual contribution by information on the threshold

(1] [2] [3]

Coeffi- p value Coeffi- p value Coeffi- p value
cient (Std. cient (Std. cient (Std.
error) error) €error)
Full information 0.287 (0.158)  0.069 -1.514 0.000 —1.594 0.000
(0.358) (0.384)
Threshold sum 0.010 (0.046) 0.823 0.009 (0.048) 0.847
Full information X 0.466 (0.077)  0.000 0.465 (0.077)  0.000
Threshold sum
Risk attitude 0.098 (0.037)  0.009
Prosocial 0.591 (0.241) 0.014
Female 0.285(0.221) 0.196
Constant —0.521 0.000 =0.575 0.046 —1.460 0.000
(0.136) (0.288) (0.407)
Observations 1440 1440 1410
Log likelihood —830.199 —775.809 —745.630

Random-effect probit model, Dependent variable is contributions at the individual level in each round to
both public goods, The robust standard errors clustered at 24 group levels are reported
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