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Abstract

We use information on students’ past participation in economic experiments, as stored in our
database, to analyze whether behavior in public goods games is affected by experience (i.e.,
previous participation in social dilemma-type experiments) and history (i.e., participation in
experiments of a different class than the social dilemma). We have three main results. First,
at the aggregate level, the amount subjects contribute and expect others to contribute de-
crease with experience. Second, a mixture model reveals that the proportion of unconditional
cooperators decreases with experience, while that of selfish individuals increases. Finally, his-
tory also influences behavior, although to a lesser extent than experience. Our findings have
important methodological implications for researchers, who are urged to control for subjects’
experience and history in their experiments if they want to improve the external validity and

replicability of their results.
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1 Introduction

Participants in laboratory economic experiments are often recruited repeatedly. This gives them
an opportunity to reflect on their past choices (and outcomes) before revisiting the laboratory and,
consequently, to learn across different experimental sessions. In 1984, Isaac, Walker, and Thomas,
in an article which is one of the most reputed and cited in the area of public goods experiments,
raised the issue of whether this form of learning affects subjects’ contribution behavior. Since
then, no other research has specifically investigated this matter. The present study addresses
this noteworthy question. In particular, we investigate whether and how contribution choices
and their dynamics in public goods experiments are affected by i) previous participation in social
dilemma-type experiments, which will be referred to as experience; and ii) previous participation
in experiments different from the social dilemmas, which will be referred to as history.t

This learning-from-previous-participation process captures an essential aspect of the real world
faced by individuals who—differently than in the laboratory—are possibly familiar and/or experi-
enced with the decision task. Outside the laboratory, when reexperiencing a specific environment,
it is likely that individuals fasten on their past experience when making decisions in the new
situation. Therefore, a direct study of the effect of experience and history on subjects’ behavior
allows us to tackle, in a public goods setting, the issue raised by Smith (2010) concerning the
experimentalist’s interpretation of single play observations as isolated and with no precedents.
According to Smith (2010), it is unwarranted to assume that the play of a specific game in the
laboratory is unaffected by past experience accumulated in the world or in the laboratory. Ac-
counting for participants’ experience and history has both a direct and indirect positive effect. As
a direct effect, it permits a more comprehensive interpretation of the data generated in a certain
experiment; as an indirect effect, it leads to an improvement of experimental results in terms of
external validity and replicability.

To delineate the present study’s perspective on the significance of experience, consider two
samples: one drawn from a population of students who have never faced a similar choice situation
before (the inexperienced), and another drawn from a population of students who have already
experienced such a situation (the experienced). If our analysis demonstrates that the two popu-
lations share similar contribution behavior, there is no reason to forcefully select out one or the
other type of subjects from the subject pool of the experiment. However, if—as we believe—
inexperienced and experienced subjects behave differently, drawing experimental samples jointly
from the two populations can give rise to disruptive interaction effects which are especially relevant
in small samples, particularly when the analysis aims to test treatment effects. Moreover, even
when the samples to be compared are drawn from the same population, an additional issue raises
concerns. In fact, the experienced subject pool may have been confronted with a higher number
of other experiments, and probably more variegated than the inexperienced subject pool. History
may matter as well as subjects’ experience and determine behavioral differences even though the
samples to be compared are drawn from the same population. For these reasons, being able to
disentangle the effects of these two factors and to assess how they influence subjects’ contribution

behavior is essential. The unique point of our paper is, indeed, in the attempt to capture this

1We acknowledge that we use the term “history” with a meaning different from the one common in the public
goods literature. History is, indeed, usually used to signify the decisions a player observes during the game (e.g.,
Gunnthorsdottir et al. 2007).
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aspect in a laboratory experiment.

Following a common approach in the public goods literature (see, e.g., Fischbacher et al.
2001), we identify different types of player, defined on the basis of their cooperative preferences.
To do so, we use a finite mixture model (see Bardsley and Moffatt 2007, and Conte and Levati
2014) considering three types of player: unconditional, conditional, and selfish contributors. The
mixture approach together with our data set—which contains information about subjects’ lab
background—enable us to separate the effect of experience from that of history on behavior,
controlling for first-order beliefs.

The ultimate scope of using this approach is to assess the existence of behavioral changes due
to the effect of experience and history. In particular, compared to existing studies, the novelty of
our contribution consists in establishing whether these behavioral changes (if any): i) are limited
to the sphere of subjects’ beliefs about the others’ contribution; ii) are due to a variation in the
composition of the population in terms of behavioral types; and iii) are explicable by a combination
of the previous two points. Fischbacher and Géchter (2010) show that the decline in contributions
in repeated public goods games can be essentially explained by a mismatch between contributions
and beliefs about others’ contributions. However, not much is known about how beliefs are affected
by history and experience and whether groups that differ in the level of history and experience
also differ in the composition of types. Our work aims at filling this gap, exploring the behavioral
differences between experienced and inexperienced subjects with a special focus on the role of
beliefs and player types.

Despite the early call by Isaac et al. (1984, p. 141) for additional research on “the factor of
experience”, little attention has been paid so far to the impact of previous participation in other
experiments (both similar and dissimilar to the public goods environment) on contribution de-
cisions. However, we are not alone in our pursuit of this question. Other experimental fields
have already recognized, and thoroughly assessed, the relevance of experience. In industrial or-
ganization, it is worth mentioning the studies by Harrison et al. (1987) and Benson and Faminov
(1988). Specifically, Harrison et al. (1987) find that experienced subjects are much more effective
monopolists than inexperienced ones. Benson and Faminow (1988) notice that, when experiments
are conducted with inexperienced subjects, collusion is rarely detected. The opposite holds when
experienced subjects are recruited. Moreover, experienced subjects seem to achieve tacit cooper-
ation (i.e., collusion) more often than inexperienced subjects. In a threshold public goods game,
Marwell and Ames (1980) and Isaac et al. (1989) do not observe significant differences when com-
paring subjects who have previously taken part in similar experiments and subjects who have
not. In an alternating-offer bargaining setting, Bolton (1991) finds that previous participation in
similar games does not lead to more frequent (equilibrium) play based on payoff maximization.
Finally, in the context of allocation games (i.e., dictator and ultimatum games), Matthey and
Regner (2013)’s analysis reveals that previously participation in experiments tends to increase the
amount subjects reserve for themselves, especially if they already have knowledge of that particular
sort of experiments.

The rest of the paper is organized as follows. Section 2 discusses the literature that most
closely relates to the present paper. Section 3 describes the experimental design, discusses the
treatments implemented, and presents the hypotheses about subjects’ behavior. Section 4 sets

out some descriptive statistics of the samples and draws some conclusions from the data at the
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aggregate level. Section 5 develops the econometric model, and presents and discusses its results
and relative implications. Section 6 describes an econometric model that enables to disentangle
the effect of experience from that of history on the relative composition of the two samples. Section

7 reports an aggregate analysis per type of player. Section 8 concludes.

2 Related literature

In this section we briefly outline the contribution of our paper to the existing literature, discussing
its novelties with respect to the studies close to the issue we are addressing.

In his review of public goods experiments, Ledyard (1995) emphasizes that much more atten-
tion has been devoted to learning within an experimental session than to learning from previous
participation in similar games. To the best of our knowledge, there are only two works studying
the effect of experience on contribution decisions, namely Isaac et al. (1984) and Zellmer (2003).
Isaac et al. (1984) detect an increase in free riding due to subjects’ previous participation in similar
experiments.? Compared to Isaac et al. (1984), we are able to disentangle experience and history,
and to study how these two factors affect cooperative preferences. In fact, while Isaac et al. (1984)
control only for the participants’ experience, we draw on a richer data set containing detailed
information on the exact dates, the numbers, and the types of experiments previously attended
by the subjects in both the experienced and the inexperienced groups. This enables us to obtain a
precise estimation not only of the effect of history and experience per se but also of the effect asso-
ciated with participation in each additional (similar and dissimilar) experiment. Moreover, unlike
Isaac et al. (1984) who just look at contribution decisions, we analyze the differences between the
experienced and the inexperienced participants, considering both contributions and beliefs.

The meta-analysis conducted by Zellmer (2003), based on data from 27 public goods experi-
ments, documents a negative effect of participants’ experience on average contributions.

While little research has specifically addressed the issue of experience and history in public
goods experiments, a few studies, distinguishable into two groups, have investigated related issues.
A first group of studies, comprising Volk et al. (2012) and Sass and Weimann (2012), examines the
stability of preferences over time. Evidence in this research area comes from repeated observations
on pools of subjects who are asked to participate repeatedly in an identical public goods experiment
(spaced out or not with other games) within a certain time lapse. Volk et al. (2012) reinvite subjects
to the lab up to four times in one-week intervals; Sass and Weimann (2012) reinvite subjects up
to three times in two-and-a-half month intervals. In both studies, subjects are classified into types
following Fischbacher et al. (2001)’s method. Results are mixed. Volk et al. (2012) observe that
cooperation preferences are rather invariant at the aggregate level, although they are not stable
at the individual level. Sass and Weimann (2012) find that other-regarding preferences fade away
eventually as about one third of initially conditional cooperators turn into free riders over the

course of the experiment, determining a decline in contributions over time.?> Compared to this

2In this study, subjects participate in a 10-period public goods game under a partner matching protocol. Besides
controlling for experience, the authors vary, in a between-subject design, the number of people in a group (4 vs. 10)
and the marginal rate of return for the public good (0.3 vs. 0.75).

3These contradictory findings may be due to the different feedback provided to the participants: in Volk et
al. (2012) feedback is given after each repetition, while in Sass and Weimann (2012) it is given only at the end,
ruling out, by design, any effect of learning on the elicitation of preferences.
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first group of studies, we have a different focus: our main interest is not in examining the stability
of preferences but in establishing whether and how contribution behavior is affected by previous
participation, not only in social dilemma experiments but also in experiments different from the
social dilemmas. We are motivated to provide the experimenter with an answer about the necessity
to take experience and history into account when recruiting participants.

A second group of studies focus on repetitions within an experimental session and discuss
the role of learning and confusion in explaining subjects’ dominated contribution choices. The
literature on this issue is huge and goes back to Andreoni (1988, 1995) and Palfrey and Prisbrey
(1996 1997). More recent contributions are due to Houser and Kurzban (2002), Ferraro and Vossler
(2010), and Bayer et al. (2013), among others. The results from these studies are twofold. On
the one hand, they seem to converge on the idea that learning within a session only partially
explains the increasing choice of the dominant free-riding strategy over repetitions. On the other
hand, they draw attention to the relevance of heterogeneous social preferences as a complementary
explanation for the incomplete decay of contribution choices.

Among the numerous studies that have dealt with learning, confusion, and other-regarding
preferences, Andreoni (1988) is especially worthy of notice. In his 1988 paper, Andreoni presents
a public goods experiment where, after 10 periods of play (showing the usual decline in average
contributions), participants were given a surprise announcement by the experimenter, namely
that they would play some additional periods. In both the partners and the strangers conditions,
Andreoni observes what is now known as restart effect: average contributions increase after the
restart and then begin to decline again. Andreoni (1988)’s work is relevant to us because (i) it
has a simple and straightforward design (comparable to ours) and (ii) our experiment allows us
to investigate the presence of a restart effect across sessions rather than within an experimental

session.

3 The experiment

3.1 The public goods game

The basic decision situation is a linear public goods game. Let N = {1,...,30} stand for a
population of 30 individuals who interact in pairs for ¢ = 1,...,15 periods according to a perfect
stranger matching design ensuring that nobody meets the same person more than once.* At
the beginning of any period, each individual ¢ € N is endowed with 100 ECU (Experimental
Currency Units) which he can either keep for himself or contribute to a public good. We discretize
the choice set of each individual i to eleven alternatives: A € {(0,100),(10,90),...,(50,50),
...,(90,10), (100,0)}, where the first and second amounts denote the number of ECU that ¢
contributes to the public good and keeps for himself, respectively. More synthetically, we can
denote each alternative by a (a = 0,...,10) so that each element of A can be expressed as
(a x 10, 100 — a x 10). For example, opting for a = 0 means contributing nothing and keeping
everything for oneself. Let ¢;; be ¢’s contribution in period ¢. Likewise, let c;; define player i’s

partner’s (player j’s) contribution in t.> In each period ¢t = 1,...,15, the monetary payoff of

4We chose this protocol to minimize strategic effects of repeated play and to allow for revisions to beliefs only
at the population level.
5To simplify notation, we always refer to player i’s partner as j, although this is a different person in each period.
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player i (for all ¢ € N) is given by:
(1) Mt = 100 —¢; ¢ +0.8 (Ci,t + Cj7t),

where the public good is equal to the sum of the contributions of ¢ and j.

In every period t = 1,...,15, each participant i, other than choosing one of the eleven alter-
natives in A, ¢; 4, reports a first-order belief vector b;, i.e., a probability distribution over the
eleven possible choices of his current partner j. We ask for beliefs because the relationship between
contributions and beliefs is crucial to the identification of a subject’s type.°

Beliefs are elicited by endowing participants with 100 tokens and asking them to allocate these
to the 11 alternatives available to their partner. Participants are asked to allocate tokens to each
alternative in a way that reflects the probability they attach to the event that their partner chooses
that alternative. We can think of each token as representing one percentage point.

We give subjects proper incentives for accurate predictions by using a quadrating scoring rule.”
The rule is defined as follows. Let ’s beliefs in period ¢ be b; ;. Let us indicate the generic element
of the belief vector by b; ;(a), which denotes the probability (in percentage points) that, in period ¢,
subject ¢ attaches to the event that his partner in period ¢ chooses alternative a, i.e., ¢;; = a x 10.
In other words, b, ; = (bi,t(o), bit(1),... ,bm(lO)) with 2(110:0 b; +(a) = 100. Assume that &, is the
alternative actually chosen by subject j (i’s partner) in period ¢. Subject i’s payoff for accuracy

of predictions then is:

10
(2) Vi =100 = 0.005 x Y [bie(a) — 100 x 1 (&, = a x 10)]?,
a=0

where 1 (-) is an indicator function taking on the value 1 if the statement in brackets is true and
0 otherwise.® Note that since beliefs are elicited in percentage points, they have to be divided by
100 to obtain probabilities.”

At the end of each period, participants receive feedback about the contribution decision of

their current partner, é; ;.

3.2 Treatments and hypotheses

We compare two treatments which are defined on the basis of subjects’ experience. Depending
on whether or not they previously participated in at least one social dilemma experiment (i.e.,

another public goods or prisoner’s dilemma game) according to the information stored in our

6Previous research in experimental economics has shown that the mere act of eliciting beliefs can affect behavior
in finitely repeated public goods games (see, e.g., Croson, 2000; Géchter and Renner, 2010), although the evidence
regarding the undesirable effects of belief elicitation procedures is far from being conclusive (e.g., Wilcox and
Feltovich, 2000) and does not concern stranger matching protocols.

7See Selten (1998) for an axiomatic characterization of the rule, and Offerman et al. (2009) for an experiment
investigating its behavioral properties.

8 A similar rule has been used, e.g., by Offerman et al. (1996), Costa-Gomes and Weizsicker (2008), and Rey-
Biel (2009), although there exists no consensus among experimentalists about the optimal incentive mechanism
for eliciting beliefs. Huck and Weizsicker (2002) compare beliefs elicited via a quadratic scoring rule with beliefs
elicited via a Becker-DeGroot-Marshak pricing rule, and find that the former yields more accurate beliefs.

91n the instructions, we use a verbal description of the rule and give numerical examples. Recognized problems of
the quadratic scoring rule are that incentives are flat at the maximum and that this may be difficult to understand.
To avoid the latter problem, our instructions emphasize that the more accurate the beliefs, the higher the payment.
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database, we invite two different groups of participants to the lab: the experienced group (F) and
the inexperienced group (I). The experiment is administered to the groups in separate sessions
(between-subject design). Details on the experimental procedures can be found in the Appendix.

Except for the participants’ experience (and history), the two treatments are identical: subjects
are faced with the same basic decision situation described in Section 3.1 and, at the end of the
experiment, are asked to disclose their biographical data and information about their previous
participations, if any, in experimental sessions.

Based on the studies focusing on the role of experience mentioned in the Introduction (Isaac
et al. 1984; Ledyard 1995; Zelmer 2003), we state the following three hypotheses at the aggregate

level.

Hypothesis 1: Experience and Contribution Choice

The experienced contribute, on average, smaller amounts than the inexperienced.

Hypothesis 2: Experience and Beliefs about Others’ Contribution Choices
Compared to the inexperienced, the experienced expects the other participants to contribute smaller

amounts.

Hypothesis 3: Experience and Accuracy of Beliefs

The experienced hold more accurate beliefs about others’ contributions than the inexperienced.

If, when making their decisions, subjects recall the free-riding behavior of others, and if those
who participated in sessions with repeated interactions recall the dynamics of contributions (and,
in particular, their frequently observed decay), then the experienced, compared to the inexpe-
rienced, should contribute and expect the others to contribute smaller amounts. Moreover, if
previous participation in similar experiments improves subjects’ understanding of the environ-
ment and of the others’ behavior, the experienced should hold more accurate beliefs than the
inexperienced. The structure of our data set enables us to test whether the effect of experience
(if any) is proportional to the number of public goods experiments in which subjects took part or
whether, alternatively, it is determined by the mere fact of their having been exposed once again

to the social dilemma environment.

Several experiments have documented the existence of heterogeneity in cooperative preferences.
In the context of social dilemmas, these studies have essentially identified three types of player:
selfish, unconditional cooperators, and conditional cooperators (see, e.g., Burlando and Guala
2005; Kurzban and Houser 2005; Arifovic and Ledyard 2012; Conte and Levati 2014 and references
therein). Along similar lines, we recognize the importance of dealing with individual heterogeneity

and, therefore, formulate specific hypotheses for each type of cooperative preferences.

Hypothesis 4a: The Selfish
The proportion of selfishly-behaving subjects is larger among the experienced than among the in-

experienced.

Selfish subjects simply maximize their own payoff and, as a consequence, choose the free-riding

(dominant) action. If the contribution observed in many public goods experiments is the result
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of either subjects’ confusion or mistakes (Andreoni 1995; Palfrey and Prisbrey 1996, 1997), and
if learning from previous experience plays a role, we should observe an increase in the number of

free-riding actions chosen by experienced subjects.

Hypothesis 4b: Unconditional Cooperators
The proportion of unconditional cooperators is smaller among the experienced than the inexperi-

enced.

Unconditional contributors choose to contribute to the public good irrespective of the oth-
ers’ contributions. This attitude has been frequently attributed to a lack of understanding of
the decision situation, to altruism, or efficiency (e.g., Andreoni and Miller 2002; Burlando and
Guala 2005). Whatever the underlying motive, unconditional contributors are exploited by free
riders and, compared to the latter, are more likely to earn a lower payoff. We expect that, with
experience, the proportion of unconditional cooperators decreases. If the behavior of uncondi-
tional contributors is attributable to mistakes, then learning from experience should induce them
to revise their choices. Alternatively, if unconditional contributors are motivated by altruism or

efficiency, then experience should not induce any change in their behavior.

Hypothesis 4c: Conditional Cooperators
Ezxperienced conditional cooperators expect lower contribution from others’ and, consequently, con-

tribute smaller amounts than inexperienced conditional cooperators.

Conditional cooperators condition their behavior on what others do or are believed to do
(Fischbacher et al. 2001). With regard to the relative popularity of this type among inexperienced
and experienced subjects, we are not able to formulate any prior hypothesis, nor do previous studies
help in this respect. Nevertheless, the behavior which characterizes conditional cooperators as well
as the large proportion of the population that they represent make their presence crucial to the
decay in contributions observed in public goods experiments (as documented by, e.g., Fischbacher
and Géchter 2010). For this reason, if experienced subjects have a better understanding of the
heterogeneity of preferences in the population and already experienced free riding, then they should

expect lower contributions. This should, in turn, induce them to contribute smaller amounts.

Concerning the accuracy of beliefs of the three types, we cannot formulate any provisional

hypotheses different from those formulated at the aggregate level (see Hypotheses 2 and 3).

4 Description of data and aggregate results

4.1 Biographical information and previous participation in experiments

In this section, we compare our two groups of participants on the basis of additional information
to be provided by them in the postexperimental questionnaire. Out of the 420 participants, only
3 subjects in treatment E refused to provide this additional information. As the refusal of just
3 subjects does not make a case for sample selection bias, the analysis that follows is based only

on the 207 experienced subjects who disclosed their details. Therefore, without loss of generality,
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No. of lab experiments S Mean Std. dev. Min Max

I 210 1.871 2.689 0 14

E total 207 7.415 5.342 1 36
# from public goods games 207 5.241 4.423 0 29
public goods games only 207 2.174 1.371 1 8

Table 1: Participants’ history and experience by treatment

the sample size, denoted as .S, corresponds to 210 subjects in the case of sample I, and to 207
subjects in the case of sample E.

In our samples, the inexperienced are aged 23.452 years (s.d. 3.887, min 18, max 65, S=210), on
average, and the experienced 22.807 years (s.d. 2.981, min 18, max 36, S=207). According to a chi-
squared test, treatments are strongly balanced with respect to gender: females represent 52.38%
of participants in sample I and 53.14% of participants in sample E (x?(1)=0.024, p-value=0.877).
Similarly, there are no significant between-treatment differences in the participants’ field of study
(x?(3)=3.367, p-value=0.338).

Table 1 contains summary statistics about history and experience of our participants dis-
criminated by treatment. The experienced participated, on average, in 2.2 social dilemma experi-
ments.'% The experienced reported more participation in other experiments than the inexperienced
(overall: 7.4 vs. 1.9; per year: 6.44 vs. 1.66). Moreover, when they participated in our experimen-
tal session, 214.05 days had passed from the first experimental session for the experienced, and
128.93 for the inexperienced.

Table 2 shows the percentage of subjects with at least one participation in four groups of
experiments different than public goods and prisoner’s dilemma games. Group A includes experi-
ments which do not involve strategic interactions such as, for example, risk elicitation experiments.
Group B includes experiments inspired by the principles of the trust game, and gift-exchange ex-
periments implemented with or without a labor market framing. Group C includes experiments
classifiable within the class of dictator and ultimatum games. Finally, Group D comprises auctions,
bargaining, coordination games and some other experiments which do not fall into the previous
three categories. It should be noted that, except for the experiments in Group A, the percentage
of experienced subjects who participated in at least one experiment of the other categories is much
larger than that of inexperienced subjects.

Given these between-treatment differences in subjects’ history, if experience is shown to have
an effect, then it must be purged from the possible influence that other type of experiments
may have on individual behavior. Therefore, a conclusive evidence on the determinants of the
observed differences in both contributions and beliefs across treatments needs to be subjected to a
discriminating analysis of all plausible causes including the participation in non-public-goods-like

experiments. This will be the object of investigation in Section 6.

4.2 Contributions and expected contributions

In this section, we introduce the main characteristics of the two treatments at the aggregate level.

Sections 5 contains a structural analysis of contributions and beliefs at the individual level.

10Note that, on the basis of the information provided by the ORSEE system, we are only able to observe whether
a subject has taken part in a social dilemma experiment or not, but we cannot observe other characteristics of the
experiment, as, for example, matching protocol, money earned, length and repetitiveness of the interactions, etc.
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