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a b s t r a c t
We experimentally investigate behavior and beliefs in a sequential prisoner’s dilemma.
Each subject had to choose an action as ﬁrst mover and a conditional action as second
mover. All subjects also had to state their beliefs about others’ second-mover choices. Using these elicited beliefs, we apply the transparent Selten–Krischker approach to compare
the explanatory power of a few current models of social and moral preferences. We ﬁnd
clear differences in explanatory power between the preference models, both without and
with control for the number of free parameters. The best-performing models explain about
80% of the observed behavior. We compare our results with those obtained from a conventional maximum-likelihood approach, and ﬁnd that the results by and large agree. We also
present a structural model of belief formation. We ﬁnd a consensus bias—whereby subjects
believe others behave like themselves—and payoff-salience driven optimism—whereby subjects overestimate the probabilities for favorable outcomes.
© 2020 Elsevier B.V. All rights reserved.

1. Introduction
Alternative speciﬁcations of social preferences have been discussed and analyzed in the behavioral and experimental economics literature. Recently, a lively debate has emerged about how potential belief biases inﬂuence behavior, in particular
concerning conditional cooperation in sequential prisoners’ dilemmas and trust games. As noted by Brandts and Charness
(20 0 0), and Altmann et al. (2008), there is a tendency for within-subject positive correlation between ﬁrst-mover cooperaR
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tion and second-mover conditional cooperation. The latter of these papers points out that if beliefs about others’ behavior
had been correct, there would instead be a negative correlation according to many established preference models (such as
the inequity aversion model of Fehr and Schmidt, 1999). Blanco et al. (2011) note, more generally, that within-subject correlations across various games and decision nodes are not consistent with the inequity-aversion model if subjects’ beliefs are
correct. There are also studies that have started to analyze belief biases as potential explanations for such inconsistencies.
Gächter et al. (2012); Blanco et al. (2014) and Rubinstein and Salant (2016) suggest a role both for optimism (Weinstein,
1980) and for a (false) consensus effect (Ross et al., 1977), respectively.1
We here report results from a simple laboratory experiment based on a sequential prisoner’s dilemma, that is, a dilemma
in which one player moves ﬁrst and the other player observes the ﬁrst move and then makes a move (Clark and Sefton,
20 01; Brandts and Charness, 20 0 0). Subjects were randomly and anonymously matched in pairs. Each subject had to choose
an action, C or D, both as ﬁrst mover, and as second mover after each of the ﬁrst mover’s possible two actions.2 All subjects
also had to state their beliefs about others’ second-mover choices. After this, we randomly assigned the roles as ﬁrst and
second mover within each pair, and the subjects’ chosen actions were implemented and payoffs paid. Subjects were also paid
according to the accuracy of their beliefs about other’s choices. Our design is close to that of Fischbacher et al. (2001) and
Fischbacher and Gächter (2010), who elicit and classify preference types by way of analyzing second-mover choices.
Our main contribution is to use subjects’ stated beliefs about each others’ behavior in a comparison of the predictive
power of ﬁve current models of social preferences, and one model of Kantian morality as a motivating factor. We evaluate
the predictive power of the models in several ways. Our main evaluation is based on the Selten and Krischker (1983) difference measure, but we also use the standard maximum-likelihood approach, and we compare alternative approaches with
each other. An advantage of the Selten and Krischker approach, which uses the difference between “hit rate” and “hit area”
as a measure of predictive power, is its transparency and usefulness even when data is relatively sparse (see Section 4.8 for
a description of this approach). In all six models, we assume risk neutrality (see below).
Before calculating the models’ Selten-Krischker scores, we examine what share of the subject population behaves in a
way that is compatible with each model. The simplest model, Homo oeconomicus – maximization of own expected payoff
– has a hit rate of about 28% of our observations. Unconditional Altruism, where a positive weight is placed on the other
party’s payoff, has a hit rate of about 44% of the observations. Fehr and Schmidt (1999) Inequity aversion model, in which
negative weights are given to payoff differences between the two parties, with a bigger weight when the difference is to the
subject’s disadvantage, has a hit rate of about 60% of the observations. The fourth model is a version of Charness and Rabin
(2002) model of a conditional concern for social welfare, conditioned upon the two parties’ relative outcomes (just as the
Inequity aversion model). The (slightly simpliﬁed) version tested here, which we call the Conditional welfare model, has a hit
rate of about 82% of the observations. These four models all view decision makers as only concerned about the distribution
of payoffs, and not how payoff distributions come about.
Models of the latter kind include reciprocity models, such as the more complex version of Charness and Rabin (2002), as
well as Dufwenberg and Kirchsteiger (2004); Falk and Fischbacher (20 06), and Cox et al. (20 08). We consider the reciprocity
model of Charness and Rabin (2002) model in our comparison. The model has a hit rate of about 83% of the observations.3 The sixth and ﬁnal model is the Homo moralis model of Alger and Weibull (2013, 2016), a model that attaches a
positive weight to a version of Kant’s categorical imperative. This mode turns out to have a hit rate of about 83% of the
observations.4 Hence, the Conditional welfare, Reciprocity, and Homo moralis models share the “ﬁrst prize” in this preliminary
horse-race between motivational models. Obviously, it is not suﬃcient to compare mere hit-rates since one model may be
much more permissive than another. In particular, a “model” of indifference is consistent with any observation and thus
has hit rate one, while not being helpful for prediction (Andersen et al., 2010; Selten and Krischker, 1983). Another related
aspect not captured by pure hit-rates is model complexity. In the present context, we note that while the Conditional welfare model has two free parameters, and the Reciprocity model has three, the Homo moralis model has only one, and Homo
oeconomicus none. We therefore run several horse races to study the robustness of our preliminary hit-rate results by way
of using the Selten and Krischker (1983) method. In one test, we allow for considerable individual heterogeneity in the preference parameters for each model by way of dividing the subject pool into 8 groups. Second, we allow for less individual
heterogeneity, by dividing the subject pool into 4 groups. Third, we compare the hit-rates and Selten–Krischker estimates
to more traditional maximum-likelihood estimates. When comparing models in terms of maximum likelihoods, we penalize
models for their numbers of parameters.
Altogether, we run eight horse races between our six models. It turns out that the Conditional welfare and Reciprocity
models are among the best performing, though in some races they are beaten by either the Homo moralis or the Inequity

1
See Hey (1984); Puri and Robinson (2007); Bellemare et al. (2008); Gächter et al. (2012); Muren (2012); Spinnewijn (2015), and Dillenberger et al.
(2017) for studies on the role of optimism in economic behavior, and see Nosenzo and Tufano (2017), and Engelmann et al. (2019) for studies of the
consensus effect.
2
That is, we use the so-called strategy method (Selten, 1967). Brandts and Charness (20 0 0) study whether this method, as compared with actual
decisions at the moment (in the “hot” state), triggers differences in rates of conditional cooperation. They ﬁnd no statistical signiﬁcance. Yet, statistically
signiﬁcant differences have been observed in other contexts, see Iriberri and Rey-Biel (2011). See Brandts and Charness (2011) for a survey of the literature
on the strategy method.
3
Levine (1998) model of conditional altruism and spite is diﬃcult to identify with our small data set, and thus is not analyzed in this paper.
4
Kant (1964): “Act only according to that maxim whereby you can, at the same time, will that it should become a universal law.”
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Fig. 1. A sequential prisoners’ dilemma.

aversion model. This robustness in the rankings from the different races suggests that the Selten–Krischker approach does
not compromise on the capacity to identify relevant patterns in the data, as compared with more traditional methods. Our
results complement the literature on structural estimation of social preferences, see Bruhin et al. (2018) and the references
therein.
Our second contribution is to shed light on subjective beliefs about others’ behavior. We ﬁnd that, on average, subjects’
beliefs are fairly accurate. Yet, individual beliefs differ in a consistent manner. These differences can be explained in a uniﬁed
way as a combination of a consensus bias, whereby individuals tend to believe that others act like themselves, and an optimism bias, whereby individuals tend to believe that favorable outcomes are more likely than unfavorable outcomes. Indeed,
our data suggests that the subjects’ stated own subjective beliefs as ﬁrst movers, about second-mover cooperation rates, can
be explained as the sum of three terms: the true empirical rate, own cooperation rate, and an optimism term. The last term
we deﬁne in terms of the salience of the payoff inﬂuence from the opponent’s response action, with salience deﬁned in line
with Bordalo et al. (2012, 2013). Our estimates for the average weights given to these three terms are approximately 0.53
for the true rate, 0.27 for own rate, and 0.19 for the optimism term.5
In summary, the paper sheds light on the two key motivational factors behind strategic behavior; beliefs and preferences.
In all of our analysis, we make the simplifying assumption that agents are risk-neutral, both with respect to own and other
players’ payoff uncertainty. Recent evidence suggests that other-regarding preferences in the face of risk are more complicated than suggested by simple risk-neutrality (see Fudenberg and Levine, 2012; Trautmann and Vieider, 2012; Miettinen
et al., 2020 and the references in these papers). No consensus has yet emerged regarding how risk and other-regarding
attitudes should be integrated. We here proceed by abstracting from risk-aversion altogether, and discuss this limitations
further in the concluding section.
The rest of the material is organized as follows. Section 2 describes the experimental design, Section 3 reports observations about average behaviors and beliefs, Section 4 speciﬁes the different preference models and analyzes their predictions.
Section 5 makes a model comparison, Section 6 presents results from our random-utility maximum likelihood estimations,
and Section 7 analyzes belief biases. Section 8 concludes. Background calculations are provided in the Appendix at the end
of the paper.

2. Experimental design
At the beginning of the experiment, subjects were given written instructions containing all the details of the experiment.
To ensure the understanding of the experimental procedures all subjects had to answer several control questions. The experiment did not start until all subjects had answered all questions correctly. In addition, key aspects of the experiment were
orally summarized. Subjects interacted in a Prisoner’s Dilemma game form as is illustrated in Fig. 1.
The elicitation of subjects’ preferences proceeded as follows. All subjects were randomly and anonymously matched into
pairs, i.e., no subject knew the identity of her opponent. Each subject was asked to make a second-mover choice between
C and D, both for the case when the other player—the ﬁrst mover—plays C and D. In addition, each subject had to make an
unconditional choice between C and D as ﬁrst mover. In order to rule out possible sequencing effects, half of the subjects
made their ﬁrst-mover choice ﬁrst and their second-mover choices second, while the other half made their second-mover
choices ﬁrst.
When the subjects had made their choices, each subject was asked to state his or her belief about the conditional choices
of the opponent. More precisely, we asked each subject for his or her estimate of the probability that the second mover will

5

It is a coincidence that the sum of these weights is close to unity. No restriction has been imposed on their sum, see Section 7.
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Table 1
Subjects’ ﬁrst-mover choices (rows)
second-mover choices (columns).

C
D

CC

CD

DC

DD

7
2
0.09

33
3
0.38

1
5
0.06

13
32
0.47

and

0.56
0.44

Table 2
Subjects’ beliefs about second-mover choices.
Expected coop-rate cond. on C

Expected coop-rate cond. on D

Behavioral class

mean

s.d.

mean

s.d.

DD
CD
CC
DC

0.35
0.67
0.61
0.27

0.31
0.26
0.31
0.35

0.21
0.12
0.19
0.39

0.29
0.23
0.26
0.55

cooperate if he or she as ﬁrst mover cooperates or defects, respectively. The quadratic scoring rule was used to make the
elicitation of beliefs incentive compatible.6
After both subjects in a pair had made their choices and stated their beliefs, in each session one subject threw a die to
determine for whom of the subjects the unconditional decision and for whom the conditional decision was payoff relevant.
Finally, subjects were informed about their and their opponent’s payoff relevant decision and the resulting payoff they
earned in the experiment.
In total 96 subjects participated in the experiment. All subjects were students either at the University of Zürich or the
ETH Swiss Federal Institute of Technology in Zürich.7 No subject participated in more than one session. All decisions had
monetary consequences, where 10 payoff units represented 3 Swiss Francs (1 CHF = 0.59 USD at the time of the experiment). On average subjects received 27.70 Swiss Francs, including a show-up fee of 10 Swiss Francs. All decisions were made
on a computer screen. We used the experimental software z-Tree (Fischbacher, 2007).
3. Average behaviors and average beliefs
We use the second-mover choices to categorize the participants into four behavior classes as follows: unconditional cooperators, who cooperate irrespective of the ﬁrst-mover choice, conditional cooperators, who reciprocate the choice of the
ﬁrst mover, those who do the opposite of the ﬁrst mover, and unconditional defectors, who defect irrespective of the ﬁrstmover’s choice. We ﬁnd 9, 36, 6, and 45 participants in each of these classes. In percentages, this amounts to population
shares of approximately 9%, 38%, 6%, and 47%. We call those (few) who do the opposite of the ﬁrst-movermismatchers. See
Table 1, where CC indicates unconditional cooperation, CD conditional cooperation, DC mismatching, and DD unconditional
defection.
We then study the average ﬁrst-mover behavior within each of these four behavior classes, and ﬁnd important differences.
Whereas only 29% of the unconditional defectors cooperate as ﬁrst movers, as many as 92% of the conditional cooperators
do. Of the two less frequent behavior classes, 78% of the unconditional cooperators cooperate as ﬁrst movers, while only
17% of the mismatchers do so. Thus, in total 56% of all participants cooperate as ﬁrst movers.
A key novelty in our model horse-race is that we allow for heterogeneous subjective beliefs. In summary, we ﬁnd that
participants, on average, believe that roughly 49% of the second movers will cooperate if the ﬁrst mover cooperates, and
that roughly 20% will cooperate if the ﬁrst mover defects. According to our data, the true rates were 47% and 16%. There
is thus, on average, a slight upward bias in participants’ expectations about other participants’ second-mover cooperation
rates. There is, however, important heterogeneity in the subject pool. Table 2, illustrates this in terms of the four behavior
classes.
In all but one of these eight conditional beliefs presented in there is a consensus effect (Ross et al., 1977; Blanco et al.,
2014; Engelmann et al., 2019), that is, biased towards one’s own behavior class. The one conditional belief, among the eight,
that does not exhibit any consensus effect appears among the unconditional defectors. They expect a higher than actual
cooperation rate conditional on defection (21% instead of 16%), although they defect themselves as second movers in the
same situation.

6
Subjects’ inputs to the belief questions are allowed to take any value between 0 and 100, indicating the likelihood, in percentage terms, that the
opponent chooses C. For a discussion of the use of the quadratic scoring role in economic experiments, see, e.g., Blanco et al. (2010); Schlag et al. (2015),
and Trautmann and Kuilen (2015). The quadratic scoring rule is known to generate a bias if subjects are risk averse. In addition, subjects may play hedging
strategies in the belief elicitation stage if choices and beliefs are paid for simultaneously.
7
The experimental sessions were run in 2003.
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We also examine statistically the cooperation rates expected by each of the two main behavior classes; unconditional
defectors and conditional cooperators. Our results can be summarized as follows. First, unconditional defectors expect a
more cooperative reaction to defection than conditional cooperators do; the expected cooperation rate after defection is
negatively correlated with subjects’ own response to cooperation.8 Second, conditional cooperators expect a signiﬁcantly
more cooperative reaction to cooperation than unconditional defectors do; the expected cooperation rate after cooperation
is positively correlated with subject’s own response to cooperation.9
In another sequential prisoners’ dilemma experiment, Altmann et al. (2008) found that conditional cooperation in the
second-mover role was positively correlated with cooperation in the ﬁrst-mover role, an observation they found puzzling
since it is inconsistent with many models of other-regarding preferences under the hypothesis that the subjects have correct
beliefs about each other’s average behavior. Blanco et al. (2014) found evidence that the consensus effect might account for
a major part of the puzzling variation. Indeed, that observation is consistent with our data for the beliefs elucidated from
the conditional cooperators in our experiment. By contrast, the beliefs of the unconditional defectors in our data are on
average not consistent with consensus bias. The bias in the expectations of the unconditional defectors about cooperation,
conditional on defection, could instead be categorized as “optimism” in the sense of exaggerating the likely success (deﬁned
in terms of one’s own preferences) of one’s own behavior. We return to this issue in Section 4.7, where we propose a simple
structural belief-formation model which derives belief biases in a uniﬁed way from personal preferences, thereby combining
the consensus effect and optimism.

4. Other-regarding and moral preferences
The previous section, with evidence about beliefs that differ across behavior classes, highlights the importance of allowing for heterogeneous beliefs in studies of the explanatory power of other-regarding and moral preference models. We now
turn to this main purpose of the study. In the six subsections to follow, we estimate model parameters so as to maximize
the number of observations consistent with each model, thus obtaining the model’s hit-rate. We show how that maximization problem can be illustrated graphically and intuitively. Moreover, once we have found the best ﬁtting preference model
that is consistent with the elicited behavior and subjective beliefs, we use the corresponding preference parameter estimates
in Section 7 to propose a uniﬁed belief formation model which derives belief differences from differences in the revealed
preference parameters. We then estimate best-ﬁtting common weight parameters for optimism and consensus bias within
this structural belief bias model. This is the second contribution of the paper.
When we estimate the parameters of a pre-speciﬁed preference model, all subjects are assumed to behave as if they
maximized the subjectively expected value of that parametric goal function. We use the data we have about individual participants’ subjective beliefs about other’s choices when calculating the expected values. We consider six parametric (partly
nested) families of goal functions, thus covering pure self-interest, inequity aversion (Fehr and Schmidt, 1999), a conditional
concern for welfare and for reciprocity (Charness and Rabin, 2002), (unconditional) altruism (Becker, 1974; 1976), and Homo
moralis (Alger and Weibull, 2013). For each model, we seek the parameter values that maximize the number of observations
that are consistent with the model. In that task, we assume that (a) subjects do not make mistakes in the second-mover role
(that is, they act in accordance with the hypothesized goal function), (b) subjective beliefs have been reported truthfully, (c)
all individuals within each behavior class have the same parameter values in the hypothesized goal function (though we use
their individually stated beliefs, which thus varies across individuals in the same behavior class), (d) they choose according
to their predicted motivational goals in the ﬁrst-mover role, (e) and they are risk-neutral.10
In the sequential prisoners’ dilemma in Fig. 1, let A1 = A2 = {C, D} be the set of actions available in player roles 1 and
2. Let S1 = {C, D} be the pure-strategy set of player role 1 (ﬁrst mover), and S2 = {CC, C D, DC, DD} the pure-strategy set of
player role 2 (second mover). Let π i (s), for s = (s1 , s2 ) ∈ S1 × S2 , be the monetary payoff earned by a subject in player role
i = 1, 2 when using pure strategy si ∈ Si against an opponent who uses strategy sj ∈ Sj (for j = i). We assume that subjects
use pure strategies and believe that others use pure strategies too. Hence, the elicited beliefs about second-player moves
are interpreted as beliefs about population fractions using different pure strategies.

8
Consider the null hypothesis that the cooperation rate anticipated by the unconditional defectors is lower than that anticipated by the conditional
cooperators. This hypothesis can be rejected at the 5%-level, at p = 0.0323 with Mann–Whitney U-test with continuity correction, and at p = 0.0538 with
Student’s t-test. Moreover, there is a signiﬁcant negative correlation of −0.2085 (Pearson’s product moment correlation coeﬃcient) between a cooperative
reaction to cooperation and the beliefs about cooperation in response to defection ( p = 0.0207, one-sided).
9
We ﬁnd a signiﬁcant (at p = 0.01, one-sided) positive correlation of 0.4562 (Pearson’s product moment correlation coeﬃcient). Moreover, we can reject
the null hypothesis that the expectations of the unconditional defectors are higher than those of the conditional cooperators (Mann Whitney U test), at 1%
level and by a large margin.
10
While many studies estimate the best-ﬁtting parameter values for the entire subject pool, our homogeneity assumption (c) allows for heterogeneity
across the eight behavioral classes (see Table 1 for the behavioral classiﬁcation). Estimating parameter values for each subject separately would be statistically questionable since we have so few data points per subject, and it would give too many degrees of freedom and would raise the hit-rates for many of
the tested models to close to 1.
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Fig. 2. Unconditional defectors. The explanatory power of the Homo oeconomicus model.

4.1. Homo oeconomicus
As our bench-mark goal function we take self-interest, that is, the goal function is then simply π i for each player role i =
1, 2. This goal function evidently dictates unconditional defection in player role 2. In player role 1, it is optimal to cooperate
if

30 · p(C |C ) + 5 · p(D|C ) ≥ 50 · p(C |D ) + 10 · p(D|D ),

(1)

where p(aj |ai ) ∈ [0, 1] is the subject’s (elicited) expectation about the second mover’s action aj if the subject takes ﬁrstmover action ai . As indicated by (1), one can pin down the subjective expectations about second-mover cooperation rates
that sustain cooperation in player role 1. Using p(D|C ) = 1 − p(C |C ) and p(D|D ) = 1 − p(C |D ), we can rewrite (1) as

p(C |C ) ≥

1
8
+ · p(C |D ).
5
5

(2)

Fig. 2, illustrates this. Each point in each of the two panes represents the beliefs of a single unconditional defector. In
the pane to the left, we have the beliefs of the unconditional defectors who defect as a ﬁrst move. In the right pane, we
have the beliefs of the unconditional defectors who cooperate as a ﬁrst move. On the vertical axis we have the participant’s
belief about the cooperation rate conditional on cooperation (subjective estimate of the percentage of participants who react
cooperatively to ﬁrst-mover cooperation). On the horizontal axis we have the participant’s belief about the cooperation
rate conditional on defection. The size of each dot is proportional to the number of observations having the particular
combination of beliefs. With beliefs above the upward-sloping straight line in each pane, ﬁrst-mover cooperation is optimal
for a Homo oeconomicus That is, with beliefs in the shaded areas, a Homo oeconomicus as ﬁrst mover behaves optimally,
given his or her beliefs, while subjects with beliefs in the white areas behave inconsistently with the Homo oeconomicus
model.
The hollow square (at the same location in both panes) represents the average cooperation rate in the entire population,
after defection (horizontally) and cooperation (vertically). (Both rates are expressed as shares and can thus be represented
in the same manner as beliefs about cooperation.) The two hollow triangles represent average beliefs in each pane. Thus,
the relative location of each panel’s hollow triangle, with respect to the hollow square, reﬂects the direction of the bias
in subjective beliefs (see Section 3). The ﬁgure shows that the distribution of individual beliefs is fairly similar in both
(unconditional defector) panes. Hence, beliefs are not strongly correlated with choices in the ﬁrst-mover role. The closer
the dot lies to the top-left (bottom-right) corner, the stronger is the belief that the second mover conditionally cooperates
(mismatches her action with that of the ﬁrst mover). Thus, observations to the top-left (bottom-right) corner should be
associated with ﬁrst-mover cooperation (defection) if the self-interest model is correct.
One also sees that in the left pane there are many observations above the upward-sloping straight line (the white area in
the left pane). These are the subjects who, if self-interested and risk-neutral, should cooperate but in fact do not. Similarly, in
the right pane, there are many observations below the line – these are the subjects who, if self-interested and risk-neutral,
should defect but do not (the white area in the right pane).
In sum, this goal function explains the behavior of 27 out of 96 subjects, that is, a “hit rate” of about 28%. All other goal
functions nest Homo oeconomicus and add parameters. Hence they will do at least as well. The question is by how much.
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4.2. Inequity aversion
An inequity averse decision-maker with preferences according to the model in Fehr and Schmidt (1999) has the following
goal function:
(F S )

Ui




πi ( s ) − α · π j ( s ) − π i ( s )


(s ) =
π i ( s ) − β · πi ( s ) − π j ( s )

if
if

πi ( s ) ≤ π j ( s )
πi ( s ) > π j ( s )

(3)

for player roles i = 1, 2 and j = i, where α and β are nonnegative and α ≥ β . In other words, individuals (weakly) dislike
inequity, and (weakly) more so when they are worse off than the other party.
In the second player’s role, a decision-maker with such a goal function prefers to cooperate conditional on cooperation
(i.e., use pure strategy CC or CD) if

30 ≥ 50 − (50 − 5 )β ,

(4)

or equivalently, if β ≥ 4/9. Likewise, the decision-maker prefers to defect conditional on defection (i.e. use pure strategy CD
or DD) if

10 ≥ 5 − (50 − 5 )α .

(5)
(F S )

By hypothesis α ≥ 0, so all second movers with goal function U2
should defect in response to ﬁrst-mover defection. Thus,
when imposing the structural Fehr–Schmidt model, conditional cooperation as second mover is equivalent with β ≥ 4/9;
selﬁsh second movers with β = 0 always defect.
According to U1(F S ) , a ﬁrst mover cooperates if

30 · p(C |C ) + [5 − (50 − 5 )α ] · p(D|C ) ≥ [50 − (50 − 5 )β ] · p(C |D ) + 10 · p(D|D ),

(6)

where p(aj |ai ) is the subject’s elicited expectation about the second mover’s choice aj if the subject chooses ai . This inequality highlights the importance of allowing for subjective expectations in other-regarding models. To see this, move the terms
with α and β to the right-hand side to yield 45 · [α p(D|C ) − β p(C |D )]. Since α ≥ β is assumed in the Inequity aversion
model, this term is positive if p(D|C) > p(C|D), an inequality that holds under correct beliefs. A model with correct beliefs
about others’ second-mover choices thus predicts that inequity averse individuals are less likely to cooperate as ﬁrst movers
than selﬁsh individuals. This prediction goes against the empirical observations where unconditional defectors are less likely
to cooperate as ﬁrst movers than conditional cooperators (see Table 1 as well as Altmann et al. (2008) and Blanco et al.
(2014)).
In our setting, we can illustrate how heterogeneity of beliefs reconciles the predictions of the theory with the empirical
observations. To see this, rewrite the condition for the optimality of ﬁrst-mover cooperation (6) more explicitly in terms of
beliefs about second-mover cooperation:

p(C |C ) ≥

5 + 45α
40 − 45β
+
· p(C |D ).
25 + 45α
25 + 45α

(7)

Now any subjective beliefs consistent with this inequality are consistent with ﬁrst-mover cooperation, and subjective
beliefs which violate this inequality are consistent with ﬁrst mover defection. As we will see, the differences in the distribution of beliefs between unconditional defectors and conditional cooperators differ remarkably. These differences reconcile
the model predictions to the empirical pattern that conditional cooperators are more likely to cooperate as ﬁrst-movers
than unconditional defectors. In fact our model with subjective beliefs predicts that one half of the conditional cooperators
and only one ninth of the unconditional defectors should cooperate as ﬁrst movers, thus predicting a positive correlation
between conditional and ﬁrst-mover cooperation. Moreover, sixty out of eighty-one participants in these two behavioral
classes also behave in the predicted manner as ﬁrst-movers.
To show this and to evaluate the overall explanatory power of the inequity aversion model with subjective beliefs, we
ﬁrst need to estimate inequity-aversion parameters. In the estimations, we assume that all subjects who have chosen the
same strategy proﬁle (s1 , s2 ) ∈ S1 × S2 have the same preference parameters (but the parameters may differ between subjects who chose different strategy proﬁles). Since there are eight pure-strategy proﬁles in the sequential prisoners’ dilemma,
we have made equally many estimates of the parameter pair (α , β ). Moreover, for each of these eight subject pools, we
impose the theoretical restriction in Fehr and Schmidt (1999) that α ≥ β ≥ 0. Hence, each subject has a (weak) dislike of
inequity, and (weakly) more strongly so when the inequity is disadvantageous than advantageous.
At ﬁrst, let us consider the choices of the participants who as second movers act as conditional cooperators (match their
action with that of the ﬁrst mover). There are 36 such participants in our experiment. Recall that these are participants
whose choices cannot be explained by the self-interest model of the previous subsection. In Fig. 3, such participants’ beliefs
regarding others’ cooperation in the second-mover role are depicted in the same manner as the beliefs of the unconditional
defectors in the previous subsection. In this diagram, we have set α = β = 4/9 in both panels.
Let us apply the same approach as we did for the Homo oeconomicus model. Points in the closed half-plane deﬁned by
(7) are consistent with ﬁrst mover cooperation. The points in the opposite closed half-plane are consistent with ﬁrst-mover
defection. By adjusting the parameters α and β , we can inﬂuence the goodness of ﬁt of the inequity aversion model. In
general, a higher β lowers the slope of the line that separates these half-planes. Therefore a higher β increases the range of
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Fig. 3. Conditional cooperators. The explanatory power of the Inequity aversion model.

Fig. 4. Conditional cooperators. The explanatory power of the Inequity aversion model.

beliefs that are consistent with ﬁrst-mover cooperation. A higher α shifts the intercept upwards and turns the slope ﬂatter.
Thus the effect of α is ambiguous.
Clearly and as shown above, if we impose α ≥ 4/9 = β , then all the second-move choices of the conditional cooperators
are consistent with the Fehr–Schmidt model. What about the ﬁrst-mover choices? It is easy to check that when α = 4/9 = β ,
then the intercept of the black line in Fig. 3 lies at 5/9 (56%) and the slope is 4/9. Since all the three dots in the left pane
lie below this line (see Fig. 3), all the defective ﬁrst-mover choices by conditional cooperators (3 observations out of 3)
are consistent with the Fehr–Schmidt model parameters α = 4/9 = β . On the other hand, 14 of the 33 observations in the
right-hand pane of ﬁgure are consistent with these parameter values of the Fehr–Schmidt model.
Since setting a lower value of α or β than 4/9 would imply that the second-mover choices of all the 36 conditional
cooperators would become inconsistent with the model, we cannot improve the ﬁt of the Fehr–Schmidt model by lowering
either of the parameters. The question that remains is whether a higher value of α or β would allow increasing the ﬁt
of the model. If we start out from α = 4/9 = β , increasing β alone is ruled out by the restriction that α ≥ β . Then again
increasing α raises the intercept and lowers the slope in the right-hand-side of (7). Notice that a higher β also has a negative
impact on the slope without affecting the intercept. Thus, we should in every case raise β to its maximal level where
β = α in order to maximize the explanatory power. Among such parameter values (requiring α = β ≥ 4/9), we ﬁnd that
α = β = 8/9 has the highest explanatory power for the conditional cooperators who also cooperate as the ﬁrst move. This
parameter pair yields the best ﬁt in the right pane because (surprisingly) many subjects place a substantial probability for
second-mover cooperation conditional on defection. The outcome with cooperation in response to defection results in a high
material payoff for the ﬁrst-mover. Thus, not choosing to collect this payoff can only be justiﬁed by an important aversion
for advantageous inequality. With these parameter values, 21 out of 36 ﬁrst-mover choices of the conditional cooperators
can be explained (see Fig. 4).
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Fig. 5. Unconditional defectors. The explanatory power of the Inequity aversion model.

Let us next consider the unconditional defectors. According to (4), these reveal themselves having β ≤ 4/9 (when inequity
aversion is used as an identifying assumption). The second mover choices do not constrain α by any means. It turns out
that all of the observations in the left pane of Fig. 2 can be explained if we impose α = 3.89 (close to the maximal estimate
in Fehr and Schmidt, 1999) and β = 4/9. Quite intuitively, a high α , indicating a strong aversion against disadvantageous
inequality, makes ﬁrst-mover cooperation highly unattractive, due to the risk of being exploited. This line is depicted in
the left-hand pane of Fig. 5.11 To maximize the number of observations explained in the right pane, one should instead set
α = 0 = β.
Let us ﬁnally brieﬂy analyze the behavior of unconditional cooperators (who cooperate as second movers both in response to cooperation and in response to defection) and mismatchers (who defect as second movers in response to cooperation and cooperate in response to defection). Inequity aversion cannot explain any of these choices, since both of these
types cooperate in response to defection. For this behavior to be optimal, we would need 10 ≤ 5 − (50 − 5 )α . This inequality is not satisﬁed for any feasible, i.e. non-negative, values of α and thus inequity aversion cannot explain the behavior of
these types.
In sum, this two-dimensional class of goal functions–representing inequity aversion–is consistent with the behavior of 58
out of the 96 subjects’ behavior, a “hit rate” of about 60%. The model can explain the behavior of all the 32 unconditional
defectors who defect as the ﬁrst move. The best-ﬁtting parameter estimates for this behavioral proﬁle are α = 3.89 and
β = 4/9. The model also explains the behavior 5 of the 13 unconditional defectors who cooperate as the ﬁrst move (estimated parameters for this proﬁle are α = 0 = β ), the behavior of all the 3 conditional cooperators who defect as the ﬁrst
move (estimated parameters: α = β = 4/9), and the behavior of 18 of the 33 conditional cooperators who cooperate as a
ﬁrst move (estimated parameters: α = β = 8/9). If the constraint α ≥ β is removed, and only non-negativity of each parameter is required, then 79% of the observations are consistent with the model. Since cooperation in response to ﬁrst-mover
defection is inconsistent with this model (independently of what constraint on α is imposed), the behavior of unconditional
cooperators and mismatchers cannot be explained by the model.
4.3. Conditional welfare
Suppose next that all individuals have a conditional concern for welfare, as expressed by the goal function in Charness
and Rabin (2002). Applied to our setting, this goal function can be written in the form
(CR )

Ui



(s ) =

(1 − ρ )πi (s ) + ρπ j (s )
( 1 − σ ) πi ( s ) + σ π j ( s )

if
if

πi ( s ) ≥ π j ( s )
πi ( s ) < π j ( s )

(8)

for player roles i = 1, 2 (and j = i) where ρ and σ are non-negative parameters such that σ ≤ 1/2, ρ ≤ 1, and σ ≤ ρ . This
goal function expresses a form of conditional altruism, whereby the weight placed on the other party’s material outcome
depends on who earns more.
It is easy to derive conditions for second-mover cooperation conditional on ﬁrst-mover cooperation and defection. These
are ρ ≥ 4/9 and σ ≥ 1/9, respectively. Thus unconditional defectors have ρ ≤ 4/9 and σ ≤ 1/9; conditional cooperators have
11
Other parameter pairs can also explain the data points in the left-hand pane. However, the chosen parameter pair is the one among these that make
the “hit area” as small as possible (see later discussion of this aspect).
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ρ ≥ 4/9 and σ ≤ 1/9; unconditional cooperators have ρ ≥ 4/9 and σ ≥ 1/9, and mismatchers have ρ ≤ 4/9 and σ ≥ 1/9.
First-mover cooperation is optimal if beliefs and preference parameters satisfy:

30 · p(C |C ) + [5(1 − σ ) + 50σ ] · p(D|C ) ≥ [50(1 − ρ ) + 5ρ ] · p(C |D ) + 10 · p(D|D ),

(9)

or equivalently

p(C |C ) ≥

5 − 45σ
40 − 45ρ
+
· p(C |D ),
25 − 45σ
25 − 45σ

(10)

We now select parameter values for this utility model, values for each of the eight behavioral classes which we observe.
These parameter values are selected so as to maximize the hit-rate of the utility model in each class, and, as a secondary objective (when hit rates are the same), to minimize the hit-area in each class (without reducing the hit-rate from its maximal
level). Preference parameters are constrained by the bounds set by the second-mover choices. The analysis (see Appendix
A) reveals that this two-dimensional class of goal functions—representing a conditional concern for welfare—explains the
behavior of 79 of the 96 subjects, a hit rate of 82%. The model explains the behavior of 22 of the 32 unconditional defectors
who defect as ﬁrst mover (the best-ﬁtting parameter estimates for this behavioral proﬁle are σ = ρ = 0), the behavior of
12 of the 13 unconditional defectors who cooperate as ﬁrst mover (with σ = 1/9 and ρ = 4/9), the behavior of 1 of the 3
conditional cooperators who defect as ﬁrst mover (with σ = 1/9 and ρ = 8/9), the behavior of all conditional cooperators
who cooperate as ﬁrst mover (with σ = 1/9 and ρ = 4/9), the behavior of 1 of the 2 unconditional cooperators who defect
as ﬁrst mover (with σ = 1/9 and ρ = 8/9), the behavior of all unconditional cooperators who cooperate as ﬁrst mover (with
σ = 19/90 and ρ = 1/2) and the behavior of 4 of the 5 mismatchers who defect as ﬁrst mover (with σ = 1/9 and ρ = 4/9).
4.4. Reciprocity
In a sequential prisoner’s dilemma, some form of reciprocity may explain second-mover behavior. Second movers may
become altruistic towards ﬁrst movers who play C and spiteful against ﬁrst movers who play D. A fully developed model
of reciprocity would need to introduce a type space for players, and let second movers make Bayesian updating about
ﬁrst movers’ types conditional on observed choice.12 Charness and Rabin (2002) did propose a simple reciprocity model
of this kind, whereby the positive concern for the material well-being of the other party falls if the latter “misbehaved”.
Technically, this means that the non-negativity constraint on the parameter σ in their conditional-welfare model is dropped
if the ﬁrst mover played D. The second mover’s concern for a ﬁrst mover who misbehaved is captured by ξ σ , where ξ ≤ 1.
Since a new parameter, ξ , is introduced, the Charness–Rabin Reciprocity model has three parameters. We here study the
explanatory power of this version of the Charness–Rabin model, to be called the Reciprocity model. In the present context,
we take “misbehavior” to mean ﬁrst-mover defection. As indicated above, this means that second-mover choices, conditional
on ﬁrst-mover defection, does not reveal as much about the sigma-parameter than in the Conditional welfare model, since
the inference is confounded by the negative reciprocity motivation captured by the parameter ξ . Therefore, second-mover
choices limit σ less, and a greater number of ﬁrst-mover choices are consistent with the Reciprocity model than with the
Conditional welfare model. With our data, it turns out that precisely 1 more observation (the only unexplained observation
is in the right hand pane of Fig. 9) is consistent with the Reciprocity model. Thus, its hit-rate equals 83%, instead of the 82%
obtained by the Conditional welfare model.
4.5. Altruism
A standard utility function used to represent (unconditional) altruism (see e.g. Becker (1976)) is

Ui(B ) (s ) = πi (s ) + θ · π j (s )

(11)

for some θ ∈ (0, 1). In other words, individuals care positively about the material outcome for the other party. Evidently,
this is equivalent with a concern for welfare, Ui(B ) (s ) = (1 − θ ) · πi (s ) + θ · [π1 (s ) + π2 (s )]. Hence, this model is nested by
Charness and Rabin (2002) model, obtained from (8) by requiring 0 < ρ = σ <1/2.13
A decision maker with such a utility function prefers to defect conditional on a ﬁrst mover’s defection if 10 + 10θ ≥
5 + 50θ , or equivalently if θ ≤ 1/8. Similarly, the decision maker prefers to defect conditional on a ﬁrst mover’s cooperation
if 30 + 30θ ≤ 50 + 5θ , or equivalently if θ ≤ 4/5.
An altruistic ﬁrst mover prefers to cooperate if

(30 + 30θ ) · p(C |C ) + (5 + 50θ ) · p(D|C ) ≥ (50 + 5θ ) · p(C |D ) + (10 + 10θ ) · p(D|D ).

(12)

Substituting p(D|D ) = 1 − p(C |D ) and p(D|C ) = 1 − p(C |C ) yields

(30 + 30θ ) · p(C |C ) + (5 + 50θ ) · (1 − p(C |C )) ≥ (50 + 5θ ) · p(C |D ) + (10 + 10θ ) · (1 − p(C |D )).

(13)

12
For models of conditional and interdependent preferences, see also Levine (1998); Dufwenberg and Kirchsteiger (2004); Weibull (2004); Falk and
Fischbacher (2006); Cox et al. (2008), and Gul and Pesendorfer (2010).
13
Eq. (8) can likewise be re-written in the form of conditional altruism.
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and thus we need

p(C |C ) ≥

1 − 8θ
8−θ
+
· p(C |D )
5 − 4θ
5 − 4θ

(14)

for ﬁrst-mover cooperation by an altruist.
These predictions illustrate that for an altruist unconditional defection is consistent with θ ≤ 1/8, and unconditional
cooperation is consistent with θ ≥ 4/5. Mismatching by altruists is consistent with 1/8 < θ < 4/5. Conditional cooperation
is never consistent with altruism since cooperating in reaction to ﬁrst-mover cooperation reveals that θ must exceed 4/5,
which would clearly imply second-mover cooperation in reaction to ﬁrst-mover defection, a contradiction. In Appendix B,
we provide diagrams and show the hit-rate maximizing parameter values which, as a secondary objective, also minimize
the Selten–Krischker score for the altruism model.
The analysis reveals that this one-dimensional class of goal functions–representing altruism–can explain the behavior of
42 out of the 96 subjects, a hit rate of about 44%. The model explains the behavior of 22 of the 32 unconditional defectors
who defect as the ﬁrst move (parameter estimate θ = 0 for this behavioral proﬁle), the behavior of 9 of the 13 unconditional
defectors who cooperate as a ﬁrst move (with θ = 1/8), the behavior of all 7 unconditional cooperators who cooperate as
a ﬁrst move (with θ = 4/5), and the behavior of 4 of the 5 mismatchers who defect as a ﬁrst move (with θ = 1/8). The
behavior of the conditional cooperators is inconsistent with the model.
4.6. Homo moralis
Alger and Weibull (2013) deﬁne a class of utility functions, that they call Homo moralis, for symmetric interactions. A
sequential prisoners’ dilemma is asymmetric; the strategy sets differ between the two player roles. However, a subject in
our experiment is equally likely to be in the ﬁrst-mover as in the second-mover role. And such an interaction is symmetric.14
In this setting, a behavior strategy for a player is a triplet x = (x1 , x2 , x3 ), a point in the unit cube X = [0, 1]3 , where x1 is the
probability of playing C when in the ﬁrst-mover position, x2 the probability of playing C when in the second-mover position
after the opponent has played C, and x3 the probability of playing C in the second-mover position after the opponent has
played D.15
With an equal chance to be assigned the ﬁrst- or second-mover position in the sequential prisoners’ dilemma, the expected material payoff, π (x, y), for any player who uses strategy x ∈ X against an opponent who uses strategy y ∈ X is

1
2

1
2

π (x, y ) = [(25y2 + 5 )x1 + (40y3 + 10 )(1 − x1 )] + [(50 − 20x2 )y1 + (10 − 5x3 )(1 − y1 )].

(15)

The ﬁrst term on the right-hand side is the probability that the player moves ﬁrst, multiplied by the expected material
payoff when playing C with probability x1 in this role, given that the other player reciprocates C with probability y2 and
reciprocates D with probability 1 − y3 . The second term is the probability that the player has the second move, multiplied
by the expected material payoff when reciprocating C with probability x2 and reciprocating D with probability 1 − x3 , given
that the other player, who makes the ﬁrst move, chooses C with probability y1 .
The ex ante utility of a Homo moralis with degree of morality κ ∈ [0, 1] is deﬁned as

U (AW ) (x, y ) = (1 − κ )π (x, y ) + κπ (x, x ),

(16)

which gives

U (AW ) (x, y ) =

κ
2
+

· [35x1 + 35x3 + 5x1 x2 − 35x1 x3 + 20]
1−κ
· [(25y2 − 40y3 − 5 )x1 − 20y1 x2 − 5(1 − y1 )x3 + 40(y1 + y3 ) + 20]
2

(17)

What will a Homo moralis do as ﬁrst mover? As in the other models, we use the subject’s elicited beliefs, so y2 = p(C |C )
and y3 = p(C |D ) . As is easily veriﬁed, it is optimal for a Homo moralis of degree of morality κ to play C as a ﬁrst mover if
and only if16

p(C |C ) ≥

1
x2 + 7 ( 1 − x3 )
8
+ · p(C |D ) −
· κ.
5
5
5 − 5κ

(18)

We note that for κ = 0 it is the same condition as for Homo oeconomicus. For high enough κ , the condition is always met,
implying that Homo moralis of suﬃciently high degree of morality plays C as ﬁrst mover.

14
Formally, the interaction can be represented by a game tree in which “nature” makes a ﬁrst move that allocate the player roles, with probability 1/2
for each role allocation, followed by two copies of the tree in Fig. 1, with player labels reversed in one of the copies.
15
Hence, each of the eight pure-strategy proﬁles in the sequential prisoners’ dilemma corresponds to each of the eight corners of the unit cube X.
16
We obtain this and the following inequalities by taking the partial derivatives of U(AW) (x, y) with respect to each component of the vector x, see
appendix.
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Fig. 6. Conditional cooperators. The explanatory power of the Homo moralis model.

In the second-mover role, the subject knows the ﬁrst mover’s pure strategy (which is either C, represented as y1 = 1,
or D, represented as y1 = 0) and plays a best reply. For a Homo moralis of degree of morality κ , cooperation in reaction to
cooperation (that is, to play x2 = 1 when y1 = 1) is optimal iff

κ x1 ≥ 4(1 − κ ).

(19)

Likewise, cooperation in reaction to defection (to play x3 = 1 when y1 = 0) is optimal iff

7 ( 1 − x1 )κ ≥ 1 − κ .

(20)

Let us ﬁrst consider conditional cooperators who play C as ﬁrst movers. In order to be optimal for a Homo moralis of
degree of morality κ , this strategy, x = (1, 1, 0 ), has to satisfy κ ≥ 4/5, 0 ≤ 1 − κ , and

p(C |C ) ≥

8
9κ − 1
· p(C |D ) −
.
5
5 (1 − κ )

(21)

Clearly the latter inequality is met (strictly) for every κ ≥ 4/5, so to play C as ﬁrst mover and conditional cooperation as
second mover is optimal for Homo moralis if and only if κ ≥ 4/5, irrespective of beliefs about the opponent’s second move.
Conversely, it is never optimal to play D as a ﬁrst move and conditional cooperation as one’s second move—that is, use the
strategy x = (0, 1, 0 )—because then (19) requires κ = 1, (20) requires κ ≥ 1/8 and the converse of (21) has to hold, which
we just noted fails for all such κ -values. Hence, this strategy is never optimal. See Fig. 6.
We next study the unconditional defectors who defect as a ﬁrst move (strategy x = (0, 0, 0 )). Condition (19) is met for
all κ , and the reverse of (20) is satisﬁed iff κ ≤ 1/8. Condition (18) boils down to

p(C |C ) ≤

8
1 − 8κ
p(C |D ) +
.
5
5 (1 − κ )

(22)

Setting κ = 0 yields the maximal hit-rate, see the left pane in Fig. 7. For unconditional defectors who play C as their ﬁrst
move, shown in the right pane of Fig. 7, κ = 0.42 maximizes the hit rate.
Consider an unconditional cooperator who cooperates as a ﬁrst move (strategy x = (1, 1, 1 )). Condition (20) requires
κ = 1 and from (19) we get that κ ≥ 4/5 is required. Hence, κ = 1 and condition (18) is met, so that all observations in the
right pane of Fig. 8 can be explained.
Consider then an unconditional cooperator who defects as a ﬁrst move (strategy x = (0, 1, 1 )). Condition (20) boils down
to κ ≥ 1/8, condition (19) requires κ = 1, and condition (18) fails, and thus none of the two observations in the left pane of
Fig. 8 can be explained.
Finally, consider mismatchers, and start with those mismatchers who cooperate as a ﬁrst move (strategy x = (1, 0, 1 )).
Condition (20) requires κ = 1 and (19) requires κ ≤ 4/5. Hence, no data point in the right pane of Fig. 9 is explained.
However, for mismatchers who defect as ﬁrst movers (strategy x = (0, 0, 1 )), (19) requires κ = 1, and (20) requires κ ≥ 1/8.
Hence, κ = 1 is necessary. Moreover, the separating straight line (from (18)) is

p(C |C ) =

1
8
+ · p(C |D ).
5
5

(23)

We note that this is independent of κ and that it is the same as for Homo oeconomicus. Thus all the observations in the left
pane of Fig. 9 can be explained.
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Fig. 7. Unconditional defectors. The explanatory power of the Homo moralis model.

Fig. 8. Unconditional cooperators. The explanatory power of the Homo moralis model.

Fig. 9. Mismatchers. The explanatory power of the Homo moralis model.
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Table 3
Analysis with 8 homogeneous groups.
Model

Hit rate

Hit area

# param.

Homo oeconomicus
Inequity aversion
Conditional welfare
Reciprocity
Altruism
Homo moralis

0.28
0.60
0.82
0.83
0.44
0.83

0.12
0.28
0.44
0.47
0.39
0.55

0
2
2
3
1
1

In sum, this one-dimensional class of goal functions—representing a mix of selﬁshness and Kantian morality—can explain
the behavior of 80 out of the 96 subjects.

5. Model comparison
The “raw” explanatory power of the six models, expressed as their “hit rate”, the percentage of the subject pool whose
behavior can be explained, are given in the ﬁrst column of the Table 3. These hit rates suggest that Reciprocity, Conditional
welfare, and Homo moralis are the most capable of explaining our data.17 These hit rates should of course be taken with a
grain of salt. We will here brieﬂy discuss two concerns: each model’s number of free parameters, and “hit area”, respectively.
First, the hit rates are not compensated for the number of parameters in the preference model at hand, neither for the
parameter constraints that some models contain. The more parameters, the easier it is for a model to “hit” a data target,
but the more constraints one imposes on the parameter values the harder it is. The number of parameters are given in
the fourth column in the table. The Conditional welfare model, has the same number of parameters as the Inequity aversion
model. If all parameter constraints of theInequity aversion and the Conditional welfare model were relaxed, then these two
models would obtain exactly the same hit rate. Indeed, the two models would then be mathematically identical.18 We also
note that while the Homo oeconomicus model has no free parameter, the Altruism and Homo moralis models have only one
each. The Reciprocity model has the largest number of parameters. Hence, the playing ﬁeld is not “horizontal” in terms of
numbers of parameters and parameter constraints. For a“fair” comparison, the models should be given some “handicap”
depending on their numbers of free parameters, also adjusted for constraints upon these. This is usually done by means of
so-called BIC and AIC scores, a topic to which we will turn in the next section.
Secondly, the hit rates are not compensated for the models’ “hit areas”, that is, the size of the area in each panel that
is consistent with the model in question. This point was made by Selten and Krischker (1983), and their compensation rule
was axiomatized in Selten (1991). The compensation rule is to subtract the “hit area” from the “hit rate”, where, generally
speaking, the hit area is the area of the set of outcomes that agree with the model in question, expressed as a share of
the total area of all possible outcomes. To be more precise, let r ∈ [0, 1] be the relative frequency of a model’s successful
predictions, and let a ∈ [0, 1] be the model’s relative area of predictions that are possible under the model. A measure of
predictive power is a function m that maps pairs (r, a) to the unit interval. Selten (1991) proposes different axioms for such
measures. One axiom (“rate monotonicity”) is that if two models have the same hit area but one has a higher hit rate than
the other, then the ﬁrst has higher predictive power. Another axiom (“area monotonicity”) is, likewise, that if two models
have the same hit rate but one has a smaller hit area, then this has higher predictive power. A third axiom (“equivalence of
trivial theories”) is that any model that has unit hit rate and unit hit area is just as useless as a model that has zero hit rate
and zero hit area. A fourth axiom (“aggregation”) is that if a model is used in two experiments with different hit rates and
hit areas, say (r1 , a1 ) and (r2 , a2 ), then the overall predictive power of the model should be a weighted arithmetic mean of
m(r1 , a1 ) and m(r2 , a2 ).19 These four axioms are clearly met by the simple difference measure, m∗ (r, a ) ≡ r − a, the difference
between the hit rate and the hit area. Selten (1991, Theorem 2)) establishes that, up to positive aﬃne transformations, the
difference measure m∗ is the only measure of predictive power that meets these four axioms. We note that the SeltenKrischker score m∗ takes values in the interval [−1, 1], where the highest score, 1, is given to models with unit hit rate on
a hit area of size zero, the score zero is given to all models for which the hit rate equals the hit area, and the lowest score,
-1, is given to models with zero hit rate on a hit area of unit size.
It is this measure, m∗ , that we here apply. However, there is a snag with applying it directly to the numbers in Table 3.
The problem is that the parameters used for establishing the numbers in that table were chosen so as to maximize each

17
Notice, however, that without the inequality restrictions σ ≤ ρ ≤ 1/2, the Conditional welfare model would have a hit rate of 95% (91 of the 96
observations could be explained), and with an alternative speciﬁcation of the beliefs in the Homo moralis model (consensus beliefs about ﬁrst-mover
behavior), also that model’s hit rate would be 85%.
18
With such parameter relaxation, 95% of the observations could be explained, instead of 60%.
19
Formally, the axioms are: (A1) m(r, a) is strictly increasing in r, (A2) m(r, a) is strictly decreasing in a, (A3) m (0, 0 ) = m(1, 1 ), and (A4)
m(λr1 + (1 − λ )r2 , λa1 + (1 − λ )a2 ) = λm(r1 , a1 ) + (1 − λ )m(r2 , a2 ) for all λ ∈ [0, 1].
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Table 4
Analysis with 4 homogeneous groups.
Model
Homo oeconomicus
Inequity aversion
Conditional welfare
Reciprocity
Altruism
Homo moralis

Hit rate
0.28
0.53
0.76
0.76
0.40
0.70

Selten–Krischker score
0.16
0.28
0.26
0.26
0.02
0.33

model’s hit rate, with only lexicographic consideration of its hit area.20 For a fair comparison between models, one would
need to instead optimize the parameters for each model so as to maximize the difference between its hit rate and hit
area. However, such parameter optimization is a non-trivial integer programming task. Given the small amount of data,
it would seem exaggerated to bring in such brute force here. We therefore instead treat each of the four second-move
strategies (CC,CD,DC,DD) as one homogeneous subpopulation, thus analyzing the population as consisting of 4 rather than 8
homogeneous groups. This approach is motivated by the observation that, unlike ﬁrst-mover choices, second-mover choices
are clear manifestations of preferences, without the confounding effect of beliefs. This evidently reduces the hit rate of all
models except Homo oeconomicus (which has no free parameter to be adapted).
To have 4 instead of 8 subpopulations has the signiﬁcant methodological advantage of making maximization of the
Selten–Krischker score equivalent with the maximization of the hit rate. The reason is that the hit area in the left pane
in each of the ﬁgures above then equals the “miss area” in the associated right-hand pane, irrespective of parameter values. Hence, by maximizing the hit rate for each model under this stronger homogeneity constraint, we obtain the maximal
Selten–Krischker score for each model, thus levelling the ﬁeld for the model race. The results are shown in Table 4.
We note the somewhat lower hit rates for all parametrized models. In comparison with Table 2, the ranking is fairly
stable but has changed slightly. The Conditional welfare and Reciprocity models are still winners in terms of hit rates, while
Homo moralis has fallen somewhat behind. However, in terms of the Selten–Krischker score, Homo moralis comes out ﬁrst,
followed by Inequity aversion. Thus the latter model is thus a more powerful competitor against Conditional welfare and
Reciprocity in terms of the Selten–Krischker score than in terms of raw hit rates.
6. A random-utility speciﬁcation
We ﬁnally make a random-utility speciﬁcation of each of the six utility functions, assuming that variation in individual
behavior is partly driven by idiosyncratic variations in preferences. More speciﬁcally, we assume that each individual’s true
preferences are those given by a parametrized utility function—any one of the six varieties we study—plus a random term
accounting for idiosyncratic taste differences not captured by the candidate utility functions. The random “noise” terms are
assumed to be i.i.d. Gumbel (or doubly exponentially) distributed, and thus all choice probabilities are logistic functions of
the utilities assigned to the choice alternatives by the candidate utility model to be tested.
More speciﬁcally, for a subject ω facing a choice between C and D, either as ﬁrst-mover or second-mover, the subject’s
utility for each alternative i is taken to be of the form ui + εiω , where ui is the deterministic utility assigned to alternative i =
C, D by a candidate utility function. The second term,
√ ε iω , is an idiosyncratic noise term, taken to be i.i.d. Gumbel distributed,
with mode zero and standard deviation σ = π /(τ 6 ) ≈ 1.28/τ , for some τ > 0. We will call τ the precision parameter. It
follows that if a candidate utility model speciﬁes expected utilities uC and uD to the two choice alternatives at hand, then
the probability for a randomly drawn subject to choose C takes the logistic form

eτ uC
Pr [Xω = C ] = τ u
C
e + eτ uD

(24)

where Xω ∈ {C, D} is the choice of subject ω. Using this formula, we provide maximum-likelihood estimates, for each model,
of all parameters jointly (including τ ).
First, for each utility function we assume that the preference heterogeneity in the whole subject pool is fully captured
by the random noise terms. Table 5 shows each utility model’s ML-estimated parameters, along with the associated AIC and
BIC scores. The higher the estimated precision τ , or the lower the AIC or BIC score, the “better” is the candidate utility
model at predicting observed behavior. (See Appendix E for detailed calculations.)
Thus, when requiring that all subjects in the whole subject pool should be treated as identical except for i.i.d. idiosyncratic differences, the Altruism and Homo moralis do not explain more than the Homo oeconomicus model. This may seem
surprising, given the ample amount of deviations from the predictions of the self-interest model. This illustrates that the
self-interest model is useful when simple models are needed for aggregate prediction. Moreover, the parameter σ in the
Conditional welfare and Reciprocity models adds no predictive value. The best performing model according to the precision
20
As indicated earlier, we have chosen parameter values so as to maximize each model’s hit rate, and, if multiple optimal parameter vectors exist, chosen
a parameter vector that minimizes the hit area among these.
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Table 5
Analysis with one homogeneous group.
Model

Precision

AIC

BIC

Parameter estimates

Homo oeconomicus
Inequity aversion
Conditional welfare
Reciprocity
Altruism
Homo moralis

0.029
0.060
0.152
0.084
0.029
0.029

389
350
360
362
391
391

393
361
371
377
398
398

α = β = 0.40
ρ = 0.44 and σ = 0
ρ = 0.44, σ = 0 and ξ = −191
θ =0
κ =0

–

Table 6
Analysis with 4 homogeneous groups.
Model

Average precision

BIC

AIC

Homo oeconomicus
Inequity aversion
Conditional welfare
Reciprocity
Altruism
Homo moralis

0.090
0.088
0.315
0.318
0.099
0.157

316
263
208
218
323
289

316
234
179
174
309
274

parameter τ is the Conditional welfare model, followed by the Reciprocity and Inequity aversion models. If one instead used
the AIC or BIC scores, then the Inequity aversion comes out as winner, followed by Conditional welfare and Reciprocity.21
Why are the θ , κ , and σ estimates (virtually) zero? The reason is that about 85% of the participants responded to ﬁrst-mover
defection by defection. To maximize the likelihood of such choices, players should place little or no weight on the other’s
material payoff—since placing weight on the other just reduces the likelihood of observing defection. Richer interactions
than the simple sequential prisoners’ dilemma would be needed in order to differentiate these models.
In sum; for economic analysis based on a representative agent—that is, allowing only for idiosyncratic i.i.d. taste variations in the population—the simple Homo oeconomicus model does not fare so badly in terms of aggregate predictive power.
The best such models, as measured by the AIC and BIC scores obtained in this experiment, are the Reciprocity model and
the Inequity aversion models.
The representative agent model does not tell us much about the potential variety of motivations behind behavior in the
population. Rather, all variation is then by assumption unobservable. To better understand whether the variation in motivation could be more ﬁnely categorized and understood, we therefore also consider a random utility speciﬁcation which allows
for precisely as much heterogeneity as the hit-rate analysis reported in Table 4. Thus, we now assume that the preference
heterogeneity within each of the four behavior groups is fully captured by the random terms ε iω , but treat different behavior groups as different populations with potentially different parameter speciﬁcations (in each of the candidate models). The
results are reported in Table 6, where the precision of each model is the population-weighted average of the precisions (τ )
for each of the four behavior groups (see Appendix A3 for details).
Comparing these results with those obtained by way of the Selten–Krischker approach, under the same homogeneity
assumption (Table 3), we note that now Conditional welfare and Reciprocity take the lead, followed by Homo moralis and
Inequity aversion.
7. Belief biases
Section 3 showed that expectations about cooperation differ from actual observed cooperation rates and that the beliefs are systematically correlated with behavior. Unconditional defectors, for instance, had a signiﬁcantly higher expectation
about the cooperation rate conditional on defection than conditional cooperators. In this subsection, we further analyze the
observed differences in beliefs. We here suggest a uniﬁed structural model that permits us to explain how a subject’s beliefs
may be inﬂuenced by his or her preferences. Again, these results should be taken with a grain of salt, not least because of
the potential incentive-compatibility diﬃculties with the quadratic scoring belief elicitation (see footnote 8). The point we
want to make here is simple. Namely, that while both optimism and false consensus have been suggested as explanations
for ﬁrst-mover cooperation in social dilemmas, such biases should ideally be derived from individual preferences. This is
precisely what we do in our simple structural analysis. More high-powered analyses have to be left for future research.
To illustrate the calculations, consider a ﬁrst mover’s beliefs about the second mover’s reaction to the ﬁrst move. We
hypothesize that i s subjective belief about the second mover’s cooperation rate, conditional on the ﬁrst mover’s action, is a
linear combination of the true second-mover cooperation rate (x̄2 and x̄3 , respectively), i’s own second-mover behavior (x2
21
This parameter is only relevant when the ﬁrst mover has defected. Having a more negative value of ξ increases the likelihood of observing defection
in response to defection. Indeed, 79 of the 96 subjects do so. Thus, in a homogeneous population, the maximum likelihood estimate of ξ is very negative.
Table A2 shows that the estimates for the reciprocity parameter are more plausible in a heterogeneous population.
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and x3 , respectively), and i’s potential payoff gain, as follows:

pˆ i (C |C ) = δ · x̄2 + γ · x2 + ω ·

ui (C, C ) − ui (C, D )
,
|ui (C, C )| + |ui (C, D )|

(25)

pˆ i (C |D ) = δ · x̄3 + γ · x3 + ω ·

ui (D, C ) − ui (D, D )
.
u
| i (D, C )| + |ui (D, D )|

(26)

and

Here δ is the weight on the true cooperation rate, γ the weight on the subject’s own second-mover behavior, and ω the
weight on a normalized payoff-difference term. We place no restrictions on the sign or size of these three parameters. In the
normalized payoff-difference term, ui (ai , C) denotes i s own utility if the second mover reacts cooperatively to i’s action ai ,
and ui (ai , D) is i s utility if the second mover instead defects. Thus, at a given decision node of the opponent, this term biases
the ﬁrst mover’s beliefs in the direction of overestimating the probability that the opponent’s action will yield a high payoff
(here by cooperating rather than defecting). This optimism effect is stronger when the payoff difference is more salient in
the sense of Bordalo et al. (2012, p. 1250, and 2013, p. 809). We note that the optimism effect after cooperation vanishes if
ui (C, C ) = ui (C, D ); then pˆ i (C |C ) = δ x̄2 + γ x2 , and likewise after defection. We also note that the normalized payoff difference
is invariant under linear re-scaling of utilities, but not under addition of a constant to all utilities.22 We estimate these
utilities parametrically according to the Conditional welfare model.23
In order to illustrate the numbers involved, let us brieﬂy consider an unconditional defector i (that is, an individual
who always defects as second mover). If such an individual i also defects as a ﬁrst mover, then his or her estimated ρ i value is zero (see Appendix). Thus, for such an individual we have ui (C, C ) = 30 and ui (C, D ) = 5, indicating a preference for
second-mover cooperation in response to cooperation. The optimism term in (25) accordingly becomes ω · (25/35) ≈ 0.71ω,
and, since this term is positive, there is an upward-biasing effect of optimism on the predicted conditional cooperation
rate. Similar calculations for all behavioral classes yield two prediction errors for each subject, deﬁned as the square of the



deviation between the subjective and objective cooperation rates, pˆ i (C |C ) − pi (C |C )

2



2

and pˆ i (C |D ) − pi (C |D ) , respectively.
Minimization of these prediction errors results in the following aggregate population estimates δˆ ≈ 0.53, γˆ ≈ 0.27 and ω
ˆ ≈
0.19. The ﬁrst two coeﬃcients are signiﬁcant at the 1% level and the third at the 5% level (see Appendix).
8. Conclusion
We here compare the explanatory power of six established preference models and identify subjects’ belief biases. We do
this by way of a novel approach that is, arguably, intuitive, visually appealing and operational, applied to a simple two-stage
game, a sequential prisoners’ dilemma. The six preference models are Homo oeconomicus, Altruism (Becker, 1976), Inequity
aversion (Fehr and Schmidt, 1999), Conditional welfare (Charness and Rabin, 2002), Reciprocity (Charness and Rabin, 2002),
andHomo moralis (Alger and Weibull, 2013).
Using maximum likelihood techniques based on subjects’ elicited beliefs about each others’ behavior, we ﬁnd that, in
terms of “hit rates” (share of subjects whose behaviors are compatible), Reciprocity and Conditional welfare come out as
winners, closely followed by Homo moralis. If account is taken also for the “hit area” (share of behavior space allowed for),
measured by what we call the “Selten–Krischker score”, Homo moralis takes the lead, the second place goes to Inequity
aversion, closely followed by Conditional welfare and Reciprocity. When a random utility approach is adopted and account is
taken for the number of parameters in each of the six preference models, measured by the BIC score, Conditional welfare
and Reciprocity come out as the winners, closely followed by Inequity Aversion.
All of these results have to be taken with a big grain of salt, as explained above.24 In certain one person or strategic
decisions, such as the dictator game or the ultimatum game, underlying and not recognized risk-aversion can generate a
bias favoring other-regarding models with an altruistic component (see Gauriot et al., 2018, and Cameron, 1999, respectively).
This is because risk-aversion means decreasing marginal utility of money, and may thus induce behavior which may appear
quite altruistic while in fact it is motivated by little or no altruism. In our horse race, the handicapped models without an
altruistic component will then be Homo oeconomicus and Homo moralis. However, self-interested risk aversion may in our
experiment also operate in the opposite direction, since risk aversion may reduce the likelihood to cooperate as ﬁrst mover.
To verify this, consider any parametric expected-utility function (such as CRRA or CARA). For the sake of illustration, assume
rational expectations, so that the probability weights agree with the true probabilities of cooperation. The derivative of the
difference between the two sides of inequality (1), with respect to the risk aversion parameter, is then negative for most
of the feasible parameter values. Since self-interested risk-aversion alone can induce effects both favoring and undermining
other-regarding preference models, and since there is no consensus in the literature of the effects of risk-aversion in otherregarding contexts (see Trautmann and Vieider (2012); Miettinen et al. (2020), and their references), the present analysis is
based on the (arguably simplistic) assumption of risk neutrality.
22

If a positive constant is added to all utilities, then the normalized payoff difference shrinks, thus diminishing the salience of the difference.
We use this model since it is one of the “winners” and since it is well-known. Ideally, one would like to take the best-ﬁtting model for each behavioral
category. For each behavioral class, we take the estimated parameters of the model and calculate the payoffs for the relevant action proﬁles.
24
For the sake of consistency, we here summarize the results when the same 4-class approach is adopted, irrespective of method.
23
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We also ﬁnd that the subjects’ average belief about each others’ average behaviors comes fairly close to the truth. However, individual subjects differ quite a lot in beliefs and their individual biases show some correlation with their own behavior. Using maximum-likelihood methods, we identify a “false consensus” bias (Ross et al., 1977; Blanco et al., 2014),
whereby subjects believe others behave more like themselves than they actually do, and a certain degree of optimism
(Weinstein, 1980; Hey, 1984), whereby subjects overestimate probabilities for favorable outcomes (as evaluated in terms
of their own preferences). We ﬁnd that in our subject pool the consensus bias is about one and a half times stronger than
the optimism bias.
All six preference models are more complex than the basic Homo oeconomicus model. Hence, their explanatory power
needs to be traded off against their simplicity and versatility. Yet, even the simple sequential prisoners’ dilemma that we
use exempliﬁes that the gains in explanatory power by increasing the model complexity slightly may be considerable. On
our experimental data, one can approximately triple the explanatory power by adding just one or two free parameters. We
have no data on the “psychological realism” of the six preference models, but, arguably, each has a fairly clear intuitive and
distinctive psychological appeal. Self-interest, altruism, inequity aversion, reciprocity, a concern for welfare and morality, all
appear often in people’s stated motivations for the actions they take in life.
There are, of course, many caveats to our analysis and results. In addition to the simplifying risk-aversion assumption,
discussed above, two other limitations are particularly important. First, we make strong simplifying error speciﬁcations when
calculating handicaps for the number of parameters (see Appendix). Second, our data set is quite limited in that each subject
plays a single game (protocol) only once.
In future research, it would thus be interesting to collect more comprehensive data sets where each participant participates in several strategic interactions (as in Blanco et al., 2011; Boschini et al., 2013; Dreber et al., 2014). This would allow to
test the accuracy of out-of-sample predictions based on preference parameters estimated from a sample of the observations.
Another important avenue would be to collect more data on subjective beliefs about others’ behaviors, and potentially even
others’ “types”, so that one can estimate various reciprocity models and models of interdependent preferences (Levine, 1998;
Dufwenberg and Kirchsteiger, 20 04; Weibull, 20 04; Falk and Fischbacher, 2006; Cox et al., 2008; Gul and Pesendorfer, 2010),
or even models of concerns for social image or self-image (Bénabou and Tirole, 2006; Ellingsen et al., 2012; Malmendier
et al., 2014).
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Appendix A. Hit rates for the Conditional welfare model
In the following diagrams (Figure A1, A2, A3 and A4), the straight lines indicate the combinations of beliefs about secondmover behavior for which the ﬁrst mover is indifferent between cooperation and defection given the preference parameter
values that allow to explain the highest number of observations. As in the inequity aversion model, there are two parameters
of whom only one is relevant at a time—in each of the second-mover decision nodes. From the ﬁrst-mover perspective,
parameter ρ (σ ) is relevant conditional on ﬁrst-mover defection (cooperation), since the second mover will then earn either
the same amount as the ﬁrst mover or less (more). A higher ρ and σ renders ﬁrst-mover cooperation more likely. Thus, in
all of the left panes below, the hit rate is maximized by choosing a minimal ρ and σ . Likewise, in all of the right panes, the

Fig. A1. Mismatchers. The explanatory power of the Conditional welfare model.
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Fig. A2. Unconditional cooperators. The explanatory power of the Conditional welfare model.

Fig. A3. Conditional cooperators. The explanatory power of the Conditional welfare model.

Fig. A4. Unconditional defectors. The explanatory power of the Conditional welfare model.
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Fig. B1. Unconditional defectors. The predictive power of the altruism model.

Fig. B2. Unconditional cooperators. The explanatory power of the Altruism model.

hit rate is maximized by choosing a maximal ρ and σ .25 The values are yet constrained by what the second-mover choices
reveal about the preferences.
Appendix B. Hit rates for the altruism model
The diagrams Fig. B1 show the hit-rate maximizing parameter values, which, as a secondary objective, also minimize the
Selten-Krischker score for the altruism model.
To understand the ﬁrst-mover choices of the unconditional defectors, their altruism parameter must satisfy θ ≤ 1/8.
For the unconditional defectors who also defect in player role 1, the hit-rate maximizing θ -value induces a high intercept
and slope. By choosing θ = 0 the intercept equals 1/5 and the slope is 8/5, in which case 22 of the 32 observations in
the left pane of Figure 10 can be accounted for. For the unconditional defectors who cooperate as a ﬁrst move, a hit-rate
maximizing θ -value induces a small intercept and small slope. With θ = 1/8 the intercept equals zero and the slope equals
(63/8 )·(2/9 ) = 63/36 so that 9 of the 13 observations in the right pane of Fig. B1 can be accounted for.
The unconditional cooperators have θ ≥ 4/5. All of the ﬁrst-mover cooperators’ choices in the right pane of Fig. B2,
can be explained if we choose θ = 4/5. Yet, for unconditional cooperators who defect as a ﬁrst mover, choosing θ = 4/5
maximizes the prospects of explaining the observations. However, the implied intercept of -3 and slope of 4 cannot explain
25
In the ﬁgures we have maximized the hit-rate and lexicographically minimized the hit area, the area consistent with the model (conditional on not
lowering the hit-rate). This obviously generates pressure to adjust the parameters in the opposite direction. See the end of section 4.8 for a “fair” comparison of the models, one that takes into account each model’s hit area.
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Fig. B3. Mismatchers. The explanatory power of the Altruism model.

either of the 2 observations in the left pane of Fig. B2. For the mismatchers with θ = 1/8 the intercept equals zero and
the slope equals (63/8 )·(2/9 ) = 63/36, so that all but one of the observations among the mismatchers who defect in the
ﬁrst-mover role can be accounted for (Fig. B3). There is no parameter value that allows explaining the unique mismatcher
who cooperates as the ﬁrst move.
Appendix C. Homo moralis decisions
Partial derivatives of the Homo moralis utility function with respect to each of the components of own strategy x:

∂ U (AW ) (x, y ) 5(5y2 − 8y3 − 1 )(1 − κ ) + 5x2 κ + 35(1 − x3 )κ
=
,
∂ x1
2
∂ U (AW ) (x, y ) −20y1 (1 − κ ) + 5x1 κ
=
,
∂ x2
2
∂ U (AW ) (x, y ) −5(1 − y1 )(1 − κ ) + 35(1 − x1 )κ
=
.
∂ x3
2

(27)

In particular: the partial derivative with respect to x1 is nonnegative if and only if

( 1 − κ ) ( 5y2 − 8y3 − 1 ) + κ x2 + 7κ ( 1 − x3 ) ≥ 0

(28)

which gives (18).
Appendix D. Estimates of belief biases
The obtained least-square estimates of the three coeﬃcients δ (true rate), γ (consensus), and ω (optimism) in (25) and
(26) are given in Table D1.

Table D1
Least-square estimates of the belief parameters.
VARIABLES

(1) no constant exp.coop.rate

(2) no constant and δ + γ + ω = 1 exp.coop.rate

(3) non-constrained exp.coop.rate

truerate

0.530∗ ∗ ∗
(1.149)
0.270∗ ∗ ∗
0.0479
1.188∗ ∗

0.551∗ ∗ ∗
(0.0962)
0.269∗ ∗ ∗
0.0476
0.181∗ ∗

192
0.656

192

0.554∗ ∗ ∗
(0.151)
0.285∗ ∗ ∗
0.0499
0.317∗ ∗
−8.469
(7.714)
192
0.307

consensus
optimism
Constant
Observations
R-squared

Standard errors in parentheses

∗∗∗

p < 0.01,

∗∗

p < 0.05, ∗ p < 0.01.
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Appendix E. Random-utility speciﬁcation
We recall that a random variable X is Gumbel distributed with parameters τ > 0 and v ∈ R, or Gumbel(τ , v), if its c.d.f.

 is of the form

(x ) = e−e

−τ (x−v )

∀x ∈ R.

(29)

If X1 , . . . , Xn are statistically independent Gumbel(τ , vi ) random variables, then the induced choice probabilities are

eτ ui
q i = n
τuj
j=1 e

for i = 1, . . . , n.

(30)

This is the versatile and much used multinomial logit model (McFadden, 1974). Assuming that all noise terms are i.i.d. Gumbel
with mode v = 0 and model-speciﬁc precision τ > 0, we obtain choice probabilities

eτ uC
1
qC = τ u
=
e C + eτ uD
1 + e−τ (uC −uD )

(31)

and qD = 1 − qC . Here uC and uD are the expected utilities (according to the model in question) associated with the two
choices at hand. A model with a high precision estimate τ is thus a model with good predictive power (as τ → +∞: qC → 1
iff uC > uD ).
E1. Homo oeconomicus
As our bench-mark goal function we took the goal function to be π i for each player role i = 1, 2. This goal function
evidently dictates unconditional defection in player role 2. By contrast, if the other party has made a ﬁrst move C, then the
random-utility speciﬁcation assigns probability

qC|C =

1
1
=
1 + e20τ
1 + e−(30−50 )τ

(32)

to the second move C. Likewise, after a ﬁrst move D, the probability for the second move C is

qC|D =

1
.
1 + e 5τ

(33)

In player role 1, it is optimal to cooperate, according to the deterministic part of the goal function, if and only if uC ≥ uD ,
where

uC = 30 · p(C |C ) + 5 · p(D|C )

and

uD = 50 · p(C |D ) + 10 · p(D|D ),

(34)

and p(aj |ai ) ∈ [0, 1] is the subject’s (elicited) expectation about the second mover’s action aj if the subject takes action ai .
Likewise, in the random-utility speciﬁcation, the probability for the ﬁrst move C is

qC =

1
1 + e−[25 p(C |C )−40 p(C |D )−5]τ

(35)

Using the data for all three choices made by all 96 subjects and their stated beliefs about second-mover choices, we
obtain the maximum-likelihood estimate τˆ ≈ 0.029 for the Homo oeconomicus model. This random-utility model has one
free parameter, and its AIC and BIC scores are approximately 389 and 393.
E2. Inequity aversion
In the second player’s role, a decision-maker with such a utility function prefers C conditional on ﬁrst-mover C if

30 ≥ 50 − (50 − 5 )β ,

(36)

and prefers D conditional on ﬁrst-mover D if

10 ≥ 5 − (50 − 5 )α .

(37)

By hypothesis α ≥ 0, so all second movers defect in response to ﬁrst-mover defection. In the random-utility speciﬁcation of
this model, we likewise obtain

qC|C =

1
1 + e−(45β −20 )τ

and

qD|D =

1
.
1 + e−(45α +5 )τ

(38)

According to U1(F S ) , a ﬁrst mover cooperates if uC ≥ uD , where

uC = 30 · p(C |C ) + [5 − (50 − 5 )α ] · p(D|C )

(39)

uD = [50 − (50 − 5 )β ] · p(C |D ) + 10 · p(D|D ).

(40)

and
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In the random-utility version of the model, a ﬁrst mover cooperates with probability

qC =

1
.
1 + e−[(25+45α )·p(C |C )−(40−45β )·p(C |D )−45α −5]τ

(41)

Using the data for all subjects, we obtain the following ML-estimated parameter values: αˆ ≈ βˆ ≈ 0.40, and τˆ ≈ 0.060.
The equality between the α and β estimates is due to the imposed constraint α ≥ β .26 The precision parameter value being
about double the size of that for Homo oeconomicus, we conclude that the inequity aversion model gives a better ﬁt to the
data than Homo oeconomicus. Its AIC and BIC values are approximately 350 and 361. Hence, also they suggest the superiority
of this model over Homo oeconomicus, despite the fact that the AIC and BIC scores do not account for the fact that we here
have imposed constraints on the parameter values for the inequity aversion model.
E3. Conditional welfare
Suppose next that all individuals have a conditional concern for welfare, as expressed by the utility function (8) taken
from Charness and Rabin (2002), where ρ and σ are non-negative parameters such that σ ≤ 1/2, ρ ≤ 1, and σ ≤ ρ . Along
the same lines as in the inequity-aversion model, it is easily veriﬁed that the random-utility speciﬁcation of this model gives
second-mover probabilities

qC|C =

1
1 + e−(45ρ −20 )τ

and

qD|D =

1
.
1 + e−(5−45σ )τ

(42)

According to U1(CR ) , ﬁrst-mover cooperation is optimal if beliefs and preference parameters satisfy

p(C |C ) ≥

5 − 45σ
40 − 45ρ
+
· p(C |D ),
25 − 45σ
25 − 45σ

(43)

Within the random-utility framework, the probability for ﬁrst-mover cooperation is

qC =

1
1 + e−[(25−45σ )·p(C |C )−(40−45ρ )·p(C |D )+45σ −5]τ

(44)

We obtain the following ML-estimated parameter values: ρˆ ≈ 0.44, σˆ ≈ 0, and τˆ ≈ 0.151. It appears that the parameter
σ hits its non-negativity constraint, so this parameter could be deleted from the model, or else one could relax the model
ˆ is lower than that for the inequity aversion
by allowing σ to take negative values. We note that the noise parameter λ
model. In this respect, the Conditional welfare model has the best ﬁt of the three models considered so far. Its AIC and BIC
values are approximately 360 and 371, that, is slightly worse than for the inequity-aversion model.
E4. Reciprocity
In the random-utility speciﬁcation of this model, the choice probabilities are the same as in the Conditional welfare
model, except for

qD|D =

1
.
1 + e−(5−45ξ σ )τ

(45)

We obtain the following ML-estimated parameter values: ρˆ ≈ 0.44 (the same as for the Conditional welfare model), σˆ ≈ 0,
ξˆ ≈ −191, and τˆ ≈ 0.08 (the same as for the Conditional welfare model). Apparently, both the σ and ξ parameters have
hit their non-negativity constraint, and thus could be dropped from the model (or else let free). The AIC and BIC values
for this model are slightly higher than for the Conditional welfare model, 362 and 377, respectively. Clearly, dropping the
parameters σ and ξ from the model would boost these scores.
E5. Altruism
A decision maker with our altruistic utility function prefers to defect conditional on a ﬁrst mover’s defection if 10 + 10θ ≥
5 + 50θ . Similarly, the decision maker prefers to defect conditional on a ﬁrst mover’s cooperation if 30 + 30θ ≤ 50 + 5θ . In
the random-utility speciﬁcation, this amounts to choice probabilities

qD|D =

1
1 + e−(5−40θ )τ

and

qD|C =

1
1 + e−(20−25θ )τ

(46)

In the deterministic utility model, an altruistic ﬁrst mover prefers to cooperate if

(30 + 30θ ) · p(C |C ) + (5 + 50θ ) · p(D|C ) ≥ (50 + 5θ ) · p(C |D ) + (10 + 10θ ) · p(D|D ).

(47)

26
Letting both parameters free, we obtained αˆ ≈ 0.18 and βˆ ≈ 0.44. The precision level rose from 0.06 to approximately 0.10, and the AIC and BIC scores
were slightly reduced.
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Table E1
ML-estimates of the models’ precision parameter.
model

CC group

CD group

DD group

DC group

Homo oeconomicus
Inequity aversion
Conditional welfare
Reciprocity
Altruism
Homo moralis

τ
τ
τ
τ
τ
τ

τ
τ
τ
τ
τ
τ

τ
τ
τ
τ
τ
τ

τ
τ
τ
τ
τ
τ

=
=
=
=
=
=

0
0
0.09
0.12
0.07
0.39

=
=
=
=
=
=

0
0.07
0.57
0.30
0
0.06

=
=
=
=
=
=

0.19
0.13
0.19
0.19
0.19
0.19

=
=
=
=
=
=

0.04
0.04
0.12
0.08
0.09
0.20

Table E2
ML-estimates of the models’ other parameters.
model

CC group

HE
IA
E

–

α = 9.1, β = 8.9
ρ
 = 1, σ = 0.5
ρ = 1, σ = 0.07
ξ =1
θ =1
κ =1

R
A
HM

CD group
–

α = β = 1.1
ρ
 = 0.95, σ = 0
ρ = 0.94, σ = 0
ξ = −32
θ = 0.57
κ =1

DD group
–

α = 0.29, β = 0
ρ
=σ =0
ρ = 0.016, σ = 0
ξ = 0.84
θ =0
κ =0

DC group
–

α=β=0
ρ
 = σ = 0.24
ρ = σ = 0.034
ξ =1
θ = 0.32
κ = 0.69

Substituting p(D|D ) = 1 − p(C |D ) and p(D|C ) = 1 − p(C |C ), we obtain the following expression for the random-utility speciﬁcation:

qC =

1
1+

e−[(25−20θ )·p(C |C )−(40−5θ )·p(C|D )−5+40θ ]τ

(48)

We obtain the following ML-estimated parameter values: θˆ ≈ 0 and τˆ ≈ 0.029 (the same noise level as for Homo oeconomicus). Apparently, the altruism parameter θ has hit its non-negativity constraint and could thus be dropped from the
model (or else be let free). The AIC and BIC values for this model are slightly higher than for Homo oeconomicus (because
of the additional but empirically redundant parameter), 391 and 398, respectively. Hence, altruism, if assumed to be of the
same strength for all subjects, does not add explanatory power over and beyond the basic Homo oeconomicus model.
E6. Homo moralis
The ex ante utility function of a Homo moralis with degree of morality κ ∈ [0, 1] is given in equation (17). It follows that,
conditional upon being the ﬁrst mover, the expected utility difference between playing C (x1 = 1) and D (x1 = 0) is

uC − uD = (1 − κ ) · [25 p(C |C ) − 40 p(C |D ) − 5] + κ · [35 + 5x2 − 35x3 ]

(49)

In the random-utility speciﬁcation, the associated choice probability is thus

qC =

1
.
1 + e−[(40−25 p(C |C )+40 p(C |D )+5x2 −35x3 )κ +25 p(C |C )−5−40 p(C |D )]τ

(50)

For an individual with Homo moralis preferences, the expected utility gain from cooperating, rather than defecting, as a
reaction to cooperation (that is, playing x2 = 1 instead of x2 = 0) is

5κ x1 − 20(1 − κ ).

(51)

Likewise, the expected utility gain from cooperating rather than defecting in reaction to defection (playing x3 = 1 instead of
x3 = 0) is

35(1 − x1 )κ − 5(1 − κ ).

(52)

Hence, in the random-utility speciﬁcation, we obtain

qC|C =

1
1 + e−[5x1 κ −20(1−κ )]τ

and qC|D =

1
.
1 + e−[(40−35x1 )κ −5]τ

(53)

We obtain the following ML-estimated parameter values: κˆ ≈ 0 and τˆ ≈ 0.029 (the same noise level as for Homo oeconomicus). Apparently, like in the altruism model, the morality parameter κ has hit its non-negativity constraint and thus
could be dropped from the model (or else be let free). The AIC and BIC values for this model are slightly higher than for
Homo oeconomicus, 391 and 398, respectively, the same as for the altruism model. Hence, morality, if assumed to be of the
same strength for all subjects, does not add explanatory power over and beyond the basic Homo oeconomicus model.
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E7. Parameter estimates for the heterogeneous four-group model
For each of the six utility models, all parameters have been estimated. The maximum-likelihood estimates of all models’
precision parameters, one for each of the four behavior groups, are given in Table E1. The associated maximum-likelihood
estimates of all other parameters are given in Table E2.
Supplementary material
Supplementary material associated with this article can be found, in the online version, at doi:10.1016/j.jebo.2020.02.018.
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