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Abstract

Dynamic volunteer’s dilemmas have been modeled as individuals deciding
whether to volunteer or not based on cost-benefit analysis, as in the war of
attrition game. However, this analysis is usually carried out assuming self-
interest, without other-regarding preferences. In this paper, we investigate
the role of other-regarding preferences in dynamic volunteer’s dilemmas using
lab experiments in which two players decide when to jump in and volunteer
for the pair and contrast the results with a control treatment where subjects
play against computers. We find that subjects are more likely to volunteer
when dealing with the computer rather than with other participants. Our
experimental data provide direct evidence that other-regarding preferences do
play a critical factor in this problem, but through envy instead of altruism.
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1 Introduction

Among public affairs, many opportunities that benefit a group are affected by in-
dividually costly activities. For example, consider a group of people waiting for the
bus. When they see the bus at 300 meters away from the bus stop, as long as at
least one person raises his/her hand and calls for the bus to stop, the bus driver is
likely to see it and not pass through without stopping. Moreover, the earlier one
raise his/her hand the more certain the bus will stop. If “raising one’s hand” en-
dures an additional cost, it is not clear who will be that person to do so. Quieting a
crying baby at night is another impressive example (Bilodeau and Slivinski, [1996).
When a baby starts to cry at night, either the wife or husband has to get up and
spend his/her sleeping time to quiet the baby while the other can have good sleep.
The sooner the baby is calmed, the more good sleep can both wife and husband
can have. In these situations where benefits are decreasing as time passes, at least
one group member has to be the ”"volunteer” and bear the cost individually, to
maximizes group benefit, while other members can free ride on him/her. This is
what is known as the “dynamic volunteer’s dilemma”.

Other-regarding preferences are likely to play an important role in the dynamic
volunteer’s dilemma. Imagine a couple quieting a crying baby. The wife (or hus-
band) is willing to sacrifice her (his) own sleep to get up to quiet the baby not only
because she/he care about her/his own sleeping time but also that of her/his spouse.
It is only if the couple do not love each other, can the one who gets up to quiet
the baby be interpreted as a dull volunteer who did so only because he/she could
not endure the noise anymore. Thus, assuming self-interest without other-regarding
preferences in the dynamic volunteer’s dilemma does not reflect the reality.

Nonetheless, nearly all theoretical and experimental studies in economics of
“dynamic volunteer’s dilemma” are based on self-interest assumption without other-
regarding preferences (e.g., Bliss and Nalebuff, [1984; Bilodeau and Slivinski, [1996).

Past experimental studies found that the theoretical prediction poorly explain the



experimental data. For examples, Bilodeau et all (2004) found that given subjects’
initial endowment and waiting cost, the predictive power of the subgame perfect
equlibrium (SPE) is very poor. |Otsubo and Rapoportl (2008) found that subjects
fail to achieve the asymmetric equlibria in which only one group member volunteers
immediately, but volunteer earlier than predicted by the symmetric subgame perfect
equlibrium (SSPE).

In this paper, we investigate the role of other-regarding preferences in dynamic
volunteer’s dilemma by incorporating other-regarding preferences into the model,
and provide direct experimental evidence to test the model. Using lab experiments
in which two players decide when to jump in and volunteer for the group and con-
trast the results with a control treatment where subjects play against computers,
we find that other-regarding preferences do play a critical factor in this problem,
but through envy instead of altruism. In fact, subjects tend to volunteer more
when facing computerized players, compared to facing other fellow subjects. This
documents the exact difference other-regarding preferences make in the dynamic
volunteer’s dilemma, and demonstrates that other-regarding preferences per se can-
not account for the discrepancy between theory and experimental data.

The rest of the paper is organized as follows. Section 2 introduces the dy-
namic volunteer’s dilemma. Section 3 provides the experimental design and Section
4 shows the result. Section 5 contains a discussion of the results and Section 6

concludes.



2 Dynamic Volunteer’s Dilemma Game

2.1 The Environment

The dynamic volunteer’s dilemma game we investigate is a simplified version of
that in |Otsubo and Rapoport (2008). Players try to maximize their own utilities
by volunteering or wait for other to volunteer and free ride on other’s effort. We
assume all players in the game are risk-neutral. They each have their own other-
regarding preference but they have the same belief of the distribution of all players’
other-regarding preferences. Time is discrete and finite, and there are T" periods.
In the experiment, we employ the strategy method by asking players to decide
when they want to stop the timer before the countdown starts. Whoever chooses
the earliest stopping time in the group would be the volunteer of the group, and
the timer would stop at that time. Players also can choose not to stop the timer.
Let H;, and L; be the payoffs of free rider and volunteer for each period ¢,

respectively. The two payoff functions H; and L, satisfy the following assumptions:

1. H > Ly for all t € {0,1,...,T}.

2. Both H; and L, are strictly decreasing with t.

3. If the timer ends with no volunteer, all players earn a fixed payoff (¢ > 0),
which is strictly smaller than Lp.

4. If there are multiple volunteers at the same period ¢, every volunteer receives

Ly.

2.2 Equilibrium with Other-regarding Preferences

Here we consider the case that two players, player 1 and 2, form a group. We
use a simple other-regarding model to capture other-regarding preferences in this

dynamic volunteer’s dilemma game.



U(zi o) =2+ N -2y (1)

x; denotes the monetary payoff of player i, and \; indicates player ¢’s other-
regarding preferences. We assume A € (—1,1). If player i is altruistic, A; should be
greater than 0. In contrast, if player ¢ is spiteful, ); should be smaller than 0.

First, an asymmetric subgame perfect equilibrium in which only one group mem-
ber volunteers at t = 0 exists if U;(Lg, Hy) > 0, for some 7.1

Secondly, the symmetric subgame perfect equilibrium (SSPE) consists of all
players playing the same mixed strategy and volunteering with certain probabil-
ity each period. We consider the SSPE when both players have the same other-
regarding preferences, A\. Let o, be the probability that each player volunteers at

period t. Therefore, the payoff of both player in each period is

H, + \L, , if free ride.
u =19 Ly +AH,-(1—0,) , if volunteer and other free ride.
L+ ML, - oy , if both volunteer.

We derive the equilibrium strategy as follows players volunteer with oy at t =T

to satisfy:

LT + S\[HT(]_ — O'T) + LTO'T] = (]_ + 5\)8(1 — O'T) + (HT + S\LT)O'T (2)

where ¢ is the fixed payoff for every player when game ends with no volunteer. The
above equality indicates that player would volunteer at ¢t = T only if the expected
utility of volunteering (the left hand side) is equal to the expected utility if she free
rides on the other one (the right hand side).

Thus, the equilibrium probability that a player volunteers at t =T, or, is

Lo

n which case \; > — 5



. _ Ly+AHr— (1+Me
T A+ N (Hr —e)

(3)

For an altruistic player whose A > 0, the probability to volunteer, o will be
larger than both a self-interest and spiteful player whose A = 0 and A < 0, respec-

tively. Thus we have:?

Lemma 1 Let H; and L; be payoff of free rider and volunteer, respectively. Assume
H, > Ly, Yt. When X increases, the equilibrium probability that player volunteer at

period t, oy, increases.

By backward inducting, we can calculate, for each period t,

Lt + E\[Ht(l — O't) -+ LtO't] =

{Lor1 + ANHesa (1= 0011) + Ley1oen ]} (1 = o) + (Hy + AL)or, (4)

The equilibrium probability that player volunteer at period t, o;, where 0 < ¢t <

T, is iterated determined by

o — Ly +}\Ht — Ly — %[HtJrl(l — 0141) + Li10041]
! (14+ NHy — Liys — AMHi1 (1 — 0441) + Lip10444]

(5)

Using the equilibrium strategy, o;, we obtain the equilibrium outcome such that

the game will terminate at period ¢ with probability

t—1

g =1-0-0) ][ -0, fort€{1,2,.. T} (6)

n=0

where H;;lo(l — 0,) is the probability for the game not to terminate, and go(\) =
1-— (]_ — 0'0)2.

To transform this into a strategy method determining termination cutoffs, we

2See the complete proof in the appendix.



obtain the equilibrium CDF of cutoffs, F;()), by pitting one players’ SSPE strategy

against another players’ strategy of never stop the timer (NS):

Fl(;\) =09 + (]_ — 0'0)0'1

FQ(;\) O'O—f-(]_—UQ)Ul—f-(l—Uo)(l—Ul)Ug

Fyo(\) =00+ (1 —ag)oy + (1 — 00)(1 — o1)on + . ...
+(1=00)(1—01)...(1—0ss)00
+(1=00)(1—01)...(1—02)os0

Fns(A) =00+ (1 —0g)or + (1 —00)(1 —0y)og + ...
+(1=00)(1—01)...(1—0ss)0m
+(1=00)(1—01)...(1—02)os0

+(1—=00)(1—01)...(1 —09)(1 —03) =1

3 Experimental Design

Various experimental studies investigate “static” volunteer’s dilemma (e.g., Diekmanl,
1993; Przepiorka and Diekmann, 2013). The few experimental studies on “dy-
namic” volunteer’s dilemma are Bilodeau et al. (2004) and |Otsubo and Rapoport:

(2008). Our experiment is closest to|Otsubo and Rapoport (2008), but:
1. We use strategy method instead of the real-time decision method.
2. Our group size is two players.

3. We instruct subjects to stop the countdown timer (from 30 to 0), instead of



having the clock advance from 0 to 30.

4. We do not show the total profit to subjects in the end of each round.

3.1 Procedure

Table 1: Experiment Procedure

Stage 1 Stage 2 Stage 3
Elicit Risk  Volunteer facing Volunteer facing Volunteer facing
Attitude fellow subjects  computerized player fellow subjects
10 questions 30 rounds 30 rounds 30 rounds

Table [1l shows the experiment procedure. We employ a with-in subject design
and have subjects play against both the computer and fellow subjects. We first elicit
subjects’ risk preferences using lottery choices of Holt and Laury (2002). Thus,
although we assume risk-neutral players, we still can control for individual risk
preferences using their measured relative risk aversion (RRA) in our regression
analysis. To reduce income effects from payofts in the Holt-Larry task, the payoffs
of lottery choices are realized only 50% of the time.3

The dynamic volunteer’s dilemma game is conducted in Stage 1 to Stage 3.
Each round 2 players were randomly matched to form a group. A timer would
countdown from 30 to 0. Subjects were asked to decides when to stop the timer.
After every group member made their decision, the game was played out, and the
earliest stopping time chosen would determine the termination time of each group.
Whoever chooses this time would be the volunteer, while the other the free rider.

In Stage 1, subjects were randomly re-matched with other participants in the
same experiment. In Stage 2, subjects were matched with computerized players

whose behaviors were randomly drawn from other subjects’ prior decisions in Stage

1. To avoid possible learning effects at the beginning, we used subjects’ decision

3However, theoretically, a ”probabilistic” income effect could still exist.



in last 20 periods of stage 1. This design turns off subjects’ other-regarding pref-
erences; \Hernandez et al) (2012) used the same method to study other-regarding
preferences in relative performance schemes. In order to ensure subjects under-
stand the random process we adopt in Stage 2, we show a random process sample
table in the orientation. Finally, subjects performed another 30 periods of volun-
teer decision again facing randomly matched fellow subjects in Stage 3. See the
experiment instructions in the appendix.

The payoff functions we used is adopt from [Otsubo and Rapoport (2008):

H, = 20(e 0160=9) _ o(=6)) 4 ¢

Ly = 200(e”013078) _ o(=0)y 4 ¢ (7)

where € = 1 and ¢ stands for the volunteer’s payoff ratio. Using this payoff setting,

the equilibrium probability that player volunteer at period T’ is:

(6 + N Hr — (L+ N)e
(14+ N\ (Hy —¢)

(8)

or =
and the equilibrium probability that player volunteer at period t, where 0 <t < T

1s:

(6 + 2\)Ht —0Hy — /:\[(1 — 0411 + 00441) Hyt1]
(1 + )\)Ht — 5Ht+1 - )\[(1 — Ot41 + (sat+1)Ht+1]

(9)

O =

A smaller ¢ indicates a larger cost of volunteering, and hence, a smaller proba-
bility for players to volunteer.

We conduct two volunteer’s cost treatments, 6 = 0.1 and § = 0.3. Table 2l shows
the payoff in both treatments. § = 0.1 means the volunteering cost is about 90% of
the benefit (less e = 1). § = 0.3 means it is 70%. This lets the two treatments fall

exactly on the two sides of the cutoff ratio 8:2 in ultimatum game which is found



to induce rejection in many experimental studies (Camerer, 2003, p.49). 4

Table 2: Payoff Tables for the Experiment by Treatment

Payoffs

Time Volunteer Volunteer Free

Payofts

Time Volunteer Volunteer Free

Period (6=.1) (6=.3) rider Period (§=.1) (d=.3) rider
0 3.00 6.99 2095 16 1.40 2.20 4.99
1 2.80 6.41 19.06 17 1.36 2.08 4.60
2 2.63 5.90 17.33 18 1.33 1.98 4.26
3 2.48 5.43 15.77 19 1.29 1.88 3.94
4 2.34 5.01 14.36 20 1.27 1.80 3.66
) 2.21 4.62 13.08 21 1.24 1.72 3.40
6 2.09 4.28 11.93 22 1.22 1.65 3.17
7 1.99 3.96 10.88 23 1.20 1.59 2.96
8 1.89 3.68 994 24 1.18 1.53 2.76
9 1.81 3.42 9.08 25 1.16 1.48 2.59
10 1.73 3.19 8.31 26 1.14 1.43 2.44
11 1.66 2.98 7.61 27 1.13 1.39 2.29
12 1.60 2.79 6.97 28 1.12 1.35 2.17
13 1.54 2.62 6.40 29 1.11 1.32 2.05
14 1.49 2.46 5.88 30 1.09 1.28 1.95
15 1.44 2.32 5.41 NV*? 1 1 1

# NV means that the game ends with no volunteer.

We conduct 4 sessions for both treatments, 6 = 0.1 and 6 = 0.3. All sessions
are conducted at the Taiwan Social Science Experimental Laboratory (TASSEL)
in National Taiwan University (NTU). 56 subjects participated in each treatment.
All 112 subjects were NTU undergraduate or graduate students. Total experiment
time is about 2 hours, and subjects’ payoff for treatment 6 = 0.1 and 0.3 were
NTD$471.3 and NTD$770.1 (approximate US$15.6 and US$25.4), respectively.®

The experiment is conducted in Chinese and programmed using z-Tree (Fischbacher,

2007).

4§ = 0.1 and § = 0.3 can be understood as 10:1 and 10:3, respectively.

5 At the time of the experiment, the exchange rate between NTD and USD is around 1 : 0.033.



3.2 Experimental Hypotheses

We proposed three hypotheses. First, when subjects are matched with the comput-
erized player, their own other-regarding preferences are turned off, while when they
are facing fellow subjects, the other-regarding preferences are turned on. Thus, we

arrive at our first hypothesis:

Hypothesis 1 Due to other-regarding preferences, subjects’ behavior when facing
computerized player in Stage 2 is different from that when facing a real person in

Stage 1 and Stage 3.

Our second hypothesis is based on the statics predict that subjects’ volunteer

behavior will be different under different volunteer cost settings, ¢:

Hypothesis 2 Volunteer behavior observed in § = 0.1 differs from that in 6 = 0.3.

Finally, we conjecture that prediction power of model under self-interest assump-
tion with other-regarding preferences will be better than without other-regarding

preferences.

Hypothesis 3 Theoretical prediction will be more accurate with the other-regarding

preferences than without other-regarding preferences.

4 Result

Table [3] shows basic information of subjects by treatment. After checking each
variables by treatments, we find no selection bias in our data. The results of two-
sample proportion tests indicate that there is no statistically significant difference
between two treatments for gender (“Female”, p = 0.742) and consistence in the
Holt-Laury tasks (“NoSwitch”, p = 0.449). The result of nonparametric median test
indicates that there is no statistically significant difference between two treatments

for “Age” (p =0.571).

10



Table 3: Descriptive Statistics by Treatment

=11 b=.3
(n=>56) (n=>56)
Female (%) 44.6 46.4
Age, median (min.-maz.) 21 (18-26) 22 (19-29)
NoSwitch®(%) 92.9 94.6

® NoSwitch denotes subjects who switch only once in the
Holt-Laury (2002) task.

4.1 Effects of Other-regarding Preferences

Table [4] is the observed frequency percentage of Cutoff in each stage by treatment.
We refer Stage 1 as “Human(Before)”, Stage 2 as “Computer”, and Stage 3 as
“Human(After)” in the following discussion. To compare subject behavior in Hu-
man(Before) and Human(After), we conduct the Kolmogorov—Smirnov test. In
both § treatments, we could not reject the null hypothesis that the behavior dis-
tributions in Human(Before) and Human(After) are the same (§ = 0.1: D = .250,
and p = 0.270; 06 = 0.3: D = .125, and p = 0.964). Thus, in the following anal-
ysis, we will merge data from Human(Before) and Human(After) and refer them
as “facing fellow subjects”, as opposed to data from Computer where subjects face
computerized players.

It is obvious that in Computer when facing computerized players, subject be-
havior is very different to that when facing fellow subjects. In Computer, of both
0 treatments, more subjects choose to volunteer at ¢ = 0 and less subjects choose
never to stop the timer. Overall, when facing fellow subjects, subjects tend to vol-
unteer more in 6 = 0.3 treatment. Moreover, the difference of volunteer at ¢t = 0
between “facing fellow subjects” and “facing computerized players” is more large
in § = 0.1 treatment.

Figure [ plots the observed cumulative probability of subjects’ cutoff, F;A and
theoretical prediction (A = 0) by d. The most interesting feature is in Computer

subjects tend to volunteer more earlier than Human(Before) and Human(After).

11



Table 4: Observed Frequency Percentage of Cutoff by Stage for Treatments § =.1

and .3

30 29-28 27-26 25-21 20-11 10-1 0 NS*  Obs.
6 =0.1
Human(Before) 4.4% 74% 19% 51% 6.7% 17.0% 10.0% 47.6% 1680
Computer 192%  7.0% 3.7% 93% 83% 89% 55% 38.1% 1680
Human(After) 55%  92% 1.0% 6.1% 87% 10.7%  4.5% 54.4% 1680
Overall 9.7% 79% 22% 68% 7.9% 122% 6.6% 46.7% 5040
6 =0.3
Human(Before) 8.3% 7.9% 59% 6.4% 23.6% 13.7% 71% 27.0% 1680
Computer 14.8% 14.9% 7.8% 9.6% 189% 10.1% 52% 18.8% 1680
Human(After) 104%  83% 5.8% 6.1% 23.9% 95% 5.6% 30.0% 1680
Overall 11.2% 10.1% 6.5% 74% 221% 11.1%  6.4% 25.3% 5040

* NS means that subject choose never to stop the clock.

It seems that subject are more generous when dealing with computerized players,
because computerized players would not earn more than themselves by free rid-
ing on their cost volunteering. Figure [ plots observed cumulative probability of

termination time, G()), and theoretical prediction (A = 0) by 4.

4.2 Effects of the Costs of Volunteering

We find that when § = .3 subjects tend to volunteer earlier than when 6 = .1,
although when facing computerized players, the proportion of volunteers at t =
0,1 in 6 = .1 condition is larger than ¢ = .3 treatment. This is consistent with
Otsubo and Rapoport (2008), in which they found that subjects tend to volunteer
earlier when § = .6 comparing to 6 = .3. The Kolmogorov—Smirnov test statistics
for Human(Before), Computer, and Human(After) between two cost treatments
are D = .500 (p < 0.001), D = .531 (p < 0.001), and D = .563 (p < 0.001),

respectively. Figure [3] plots observed cumulative probability of cutoff by opponent.

12
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4.3 Regression Analysis

In order to further investigate the relationship between other-regarding preferences

and the tendency of volunteering/free-ride, we conduct the following panel logistic

regressions®:

Pr(Volunteery = 1) = a; + f1Gender; + faRRA; + PsAge; + BaHumany,

+pBsTreatment;, + BsHumang, - Treatment, + ;W henOtherTerminates; ;1 + i

(10)

Pr(NeverStop;; = 1) = a; + B1Gender; + faRRA; + B3Age; + fyHumang

+pBsTreatment;, + BeHumang - Treatment + ;W henOtherTerminates; ;1 + i

(11)

where the dependent variable is subjects’ volunteer behavior.
We analyze both whether subject “volunteer immediately ” (which means those

decided to stop clock at ¢t = 0) (Volunteer=1) and “never stop” (which means those

6We also conduct panel probit regression, the result is very similar to panel logistic regression.
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decided never to stop clock in that period and chose number —1) (NeverStop =
1).These two dependent variables present “volunteering” and “free riding”, respec-
tively.

In the specification, Gender = 1 if subject is male; RRA is subject’s rela-
tive risk aversion measured by the Holt-Laury task’; Human is the dummy vari-
able for facing fellow subjects; Treatment is the dummy for § = 0.1 treatment;
WhenOtherTerminates;_1 is the termination time in last period where the other
player is volunteer, otherwise WhenOtherTerminates;—1 = 0; and «; is the constant
term.

The result of panel logistic regression is showed in Table Bl The coefficient of
Human, B4, can capture the differences between behavior with or without other-
regarding preferences. We find that the differences are significant in both specifi-
cations. fg is the interaction effects of Human and Treatment which stands for the
effect of other-regarding preferences under the more unfair treatment for the volun-
teer. We find that the interaction effect are also significant in both specifications.

The coefficient interpretation of our 2 by 2 design is showed in Figure (4]

Marginal Effect

— —Facing Humane — —— — — o —

B s+ B

0=0.13_ ©6=0.3

|
|
L

Figure 4: Coeflicient Interpretation

Using the marginal effects of regression analysis, we can calculate the effect

If in all 10 questions, subject choose less than 2 (greater than 8) safe choices, we only can
obtain upper bound (lower bound) of their RRA. Hence, the mean RRA is not available for thos
subjects. 104 subjects’ RRA are available in our regression analysis. If we drop those switch more
than once in Holt-Laury measurement, there are only 97 subjects.
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Table 5: Marginal Effects from Panel Logistic Regression

Volunteer Never
Immediately Stop

(1) (2) (3) (4) (5) (6)
-0.002  0.002 0002 -0.020 0021  0.019

Gender (d) (0.012)  (0.012)  (0.012) (0.085) (0.086) (0.085)
RRA 0.038  0.039* 0038 0058 0109  0.106
(0.017)  (0.017)  (0.017)  (0.110) (0.112) (0.110)

Aoe -0.007*  -0.005  -0.005  0.021  0.029  0.028
& (0.003)  (0.003)  (0.003)  (0.020) (0.021) (0.020)
Human (d) 200307 -0.024***  -0.021*  0.158"  0.143"*  0.141*
(0.007)  (0.006)  (0.006)  (0.023) (0.022) (0.022)

5= 0.1 (d) 0.011 0012 0012  0.279* 0225 0.225

(0.013)  (0.013)  (0.012) (0.085) (0.087) (0.086)

-0.027  -0.035*** -0.036™*  0.019  0.073**  0.075*

Human-d = 0.1 (d) (0.007)  (0.008)  (0.008) (0.026) (0.028) (0.029)

. -0.001*** 0.006***
WhenOtherTerminates;_ (0.0004) (0.001)
NoSwitch? v v v v
N 9360 8730 8439 9360 8730 8439

! Standard errors in parentheses ;* p < 0.05, ** p < 0.01, *** p < 0.001

2 (d) for discrete change of dummy variable from 0 to 1.

& NoSwitch denotes that regression only included subjects who switch only once in Holt-Laury
measurement.

of other-regarding preferences and cost of volunteering (Figure []).> When facing
fellow subjects, subjects tend to less volunteer and tend more to free-ride on others.
This result indicates other-regarding preferences do matter in volunteer’s dilemma.
In 6 = .1 treatment, subjects tend less to volunteer and tend more to free-ride
on others. Comparing facing computerized player in 6 = .3 treatment (baseline),
the probability for subjects to volunteer immediately decrease almost 5% and that

for subjects to free ride others increase 44% when facing a real person in § = .1

8We use the marginal effects from regression (2) and (5). *p < 0.05, **p < 0.01, ***p < 0.001
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Volunteering NeverStop

= =— —Facing HUmane — —— e e e e

I 29 8o, ***

| 8=0.15 %= 03

I

I
L I

21.6%* 44.19%*+
14.3%**

r =— Facing Computer= == = ——— __I
I
|

§=0.1«—"— §=0.3 |

Figure 5: Marginal Effect Interpretation: Volunteering/NeverStop

treatment.

In regression (3) and (6), we find that WhenOtherTerminate;—, is significant. It
shows that if the opponent stop the timer more later in period ¢ — 1, subjects tend
to treat her opponent with same way in period ¢t. For example, if the opponent
stop the timer at ¢ = 30 in period ¢t — 1, the probability that subject volunteer
immediately will decrease 3%, while the probability that subject never stop the

timer will increase 18% in period t.

5 Discussion

In Figure [T we find that subjects volunteer at t = 0 more than the theoretical pre-
diction. It makes empirical CDF more left than the theoretical CDF. An alternative
interpretation we propose here to explain the experimental data is some subjects
play asymmetric subgame perfect equilibrium (ASPE) and others play SSPE. As-
suming there are # proportion subjects play ASPE and 1 — 6 proportion subjects
play SSPE. We categorize subjects choose volunteer at ¢ = 0 as the one who play
ASPE. Figure [0l is the cumulative probability of cutoff for subjects playing SSPE.

Using the Kolmogorov-Smirnov test, we find that both treatments are signifi-
cantly different to the theoretical predictions under 5% significant level. (6 = 0.1:
D = .701, and p < 0.001; § = 0.3: D = .276, and p = 0.018)
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Figure 6: Cumulative Distribution Function of Termination Time by Treatment
(SSPE)

6 Conclusion

Since subjects’ other-regarding preferences are turned off under the design of match-
ing with computerized players in Stage 2, the behavior difference between “facing fel-
low subjects” and “facing computerized player” should result from other-regarding
preferences. It seems that subjects are not willing to benefit others by volunteer-
ing when they have to endure the extra individual cost. However, when they are
dealing with computerized players, since the computer cannot benefit from their
volunteering, they tend to volunteer to ensure a smaller but certain payoff. Thus,
we argue that other-regarding preferences do play important role in volunteer’s
dilemma game, but through envy not altruism. Our result suggests that a good in-
centive design in reality should avoid creating a huge payoff gap between volunteer
and free riders.

A potential limitation of this study is that subjects from a college students pool

may be less pro-social because they participate the experiment only for monetary

payoff. A recent study by |Anderson et all (2013) supports this perspective, find-

ing self-selected college students subjects less pro-social than self-selected adults

subjects.
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Appendix A - Proof
Proof of Lemma 1 First, considering the case that 0 <t < T, i.e. case of oy.

o — Ly +MH; — Ly — AN[Hy1 (1 — 0441) 4 Lis10441]
. = _ _
(1+XNH; — Liyy — ANHip1 (1 — 0441) + Lir10044]

For simplification, let A = Hy1(1 — 0441) + Liy10411, therefore

o — Lt+_j\Ht_Lt+1 —S:A _ Lt—Lt+1+§(Ht—A)
" (A4 NH, — Ly —AA Hy— Ly + MH, — A)

Secondly, considering the case thatt =T, i.e. or.

o _LT—I—;\HT—(l—f-j\)g_LT—€+5\(HT—€)
T 1+ N(Hr—¢)  Hr—c+AHr—e)

Since H; > Ly, when X\ becomes larger, both o, and o will be larger.
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Appendix B - Instruction for 6 = 0.3 Treatment
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25 13.08 4.62 9 3.40 1.72
24 11.93 4.28 8 3.17 1.65
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x2-1: BEORRIRIBSER-BC LU S EE RN
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