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BEHAVIORAL CONSISTENCY IN SOCIAL DILEMMA GAMES

Highlights
e Most prior social dilemma research used single instances of game behavior
e We show that different types of aggregation can increase behavioral consistency
e Aggregation can also boost the link between game behavior and other variables
e These findings illustrate that economic games indeed measure a core of prosociality

o We strongly recommend future research to use aggregated game responses
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Abstract

Prior research has found that people’s choices in economic games are often only modestly related to their
prosocial personality traits and to mundane prosocial behaviors. The present article reviews recent
literature showing that the strength of these relationships depends on the level of aggregation. Specifically,
we demonstrate an increase in behavioral consistency after horizontal aggregation (across multiple game
types), vertical aggregation (across multiple game variants), and a combination thereof. Moreover, we show
that aggregation increases the magnitude of the relationships of game behavior with prosocial personality
and mundane prosocial behavior. These findings illustrate that economic games can genuinely capture a
core facet of human prosociality — but that their capacity for doing so is greater when multiple game
behaviors are considered.

Keywords: social dilemmas; economic games; behavioral consistency; horizontal aggregation;

vertical aggregation; multiple aggregation; prosocial personality; mundane prosocial behavior
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1. INTRODUCTION

Social dilemmas are situations in which collective interests are at odds with selfish interests [1, 2,
3, 4]. Such situations include many of the principal challenges of our time, including climate change [5] and
pandemic mitigation [6]. To investigate behavior in social dilemmas empirically, scholars have modeled
these situations into so-called economic games in which people have to choose between cooperative
(reflecting a prosocial choice) and defective (reflecting a proself choice) alternatives [7, 8]. This approach
has resulted in an extensive range of games that are employed to model social dilemma situations [9, 10],
and to understand people’s actions within them. Moreover, such games are used to derive possible
resolutions through which mundane forms of prosocial behavior may be promoted. Prosocial behavior
covers a broad range of actions intended to benefit one or more people other than oneself [11].

Although research on economic games has yielded a wealth of insight into how people act in such
experimental settings (e.g., see [4, 9, 10]), several previous studies failed to report large! associations
between people’s behavior in different economic games and their prosocial personality and prosocial
behavior in mundane settings (i.e., real-life prosocial behaviors such as donating blood and volunteering).
An important limitation of many prior studies in this domain, however, is that they typically relied on
individual game behaviors — that is, for the most they focus on a single, particular game type, presented in
one specific version, often played in a one-shot manner [13, 14].

In this article, we argue that this particular approach can possibly explain the rather modest and
varying associations of game behavior with prosocial personality and real-life prosocial behavior that have
been observed in much prior research. More specifically, we suggest that aggregating choices within and
across a broader range of settings increases the reliability of game-based measures and, thereby, also

boosts the correlations with both trait prosociality and prosocial behavior outside of the lab. We begin this

' To interpret the magnitudes of correlation coefficients, we use the recent guidelines of Funder and Ozer [12], who consider
correlations of .05, .10, .20, .30, and .40 as very small, small, moderate, large, and very large, respectively.
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review with a brief discussion of the aggregation principle. Next, we provide a detailed review of recent
research on the consistency of people’s choices in game-based social dilemmas, and their link with

prosocial personality and mundane forms of prosocial behavior.

2. THE AGGREGATION PRINCIPLE

Imagine assessing students’ course performance with a single multiple-choice item. Most people
would agree that in such a case the use of a single-item measure would probably result in an unreliable
measurement. Yet, within the social dilemma literature it is common practice to measure game behavior
with only one single trial of one particular game (e.g., a single trial of a Prisoner’s Dilemma). This overlooks
the notion, however, that choice behavior in economic games may be strongly shaped not only by the
structural differences between different game types (e.g., a Prisoner’s Dilemma vs. a Public Goods
Dilemma), but also by differences in operationalization of the same type of game (e.g., a Prisoner’s
Dilemma with symmetrical outcomes vs. a Prisoner’s Dilemma with asymmetrical outcomes). As such,
choice behavior in a single game type, a single variant of that game, let alone a single trial of that game, is
likely to be severely limited as an indicator of people’s tendency to act prosocially, compared to decisions
across multiple game types and/or game variants.

The aim of the present review is to illustrate that some of the weaker than expected relationships
among game behaviors and between game behavior and third variables reflecting prosociality (such as trait
prosociality and mundane forms of prosocial behavior) obtained in prior studies (e.g., see [15, 16, 17]) can,
at least in part, be a consequence of failures to aggregate. According to the aggregation principal, the sum
of a set of multiple measurements is a more stable and unbiased estimator than any single measurement
from the set [18]. This greater representation occurs because single measures may be unreliable due to
measurement error. By combining multiple measures, such measurement errors are averaged out, thereby

resulting in a measure that is “more reflective of psychological reality” ([18], p. 21, also see [19]).
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A well-known illustration of the aggregation principle concerns the observation that the reliability of
an instrument increases when the number of items increases [20, 21]. For example, single items of the
Stanford-Binet IQ test correlate only .15 with each other, subtests based on four or five items correlate
around .30 or .40, whereas the aggregated battery of items that make up the Performance subscale
correlate around .80 with the battery of items that form the Verbal subscale. Particularly interesting in the
context of the present research question, however, is that Rushton, Brainerd, and Pressley ([18], p. 19)
have demonstrated, for twelve different research domains, that when constructs are assessed with multiple
measures “relationships become more substantial” (for applications of the aggregation principle, see [22,

23]; for more information on the pro and cons of single and multiple measures, see [24, 25, 26, 27, 28]).

3. BEHAVIORAL CONSISTENCY IN SOCIAL DILEMMA GAMES

Generally speaking, this article is a methodological critique of the way in which game behavior has
been measured in ample prior social dilemma research. In what follows, evidence is presented that this
research domain has been limited by the tendency to focus on choice behavior in isolated games (e.g.,
within a single game type or game variant; often in just a single interaction or a single game trial), instead of
aggregating multiple game behaviors. We distinguish between three types of aggregation. A first type of
aggregation concerns aggregation across a series of different games, which we label horizontal
aggregation. A second type of aggregation refers to aggregating choices across multiple variants of the
same game, which we label vertical aggregation. Obviously, these two types of aggregation can also be
combined, thereby reflecting aggregation over multiple variants of different games (i.e., multiple
aggregation). Figure 1 visually displays these three different types of aggregation.

To illustrate that some of the weaker than expected statistical relationships observed in prior
studies can at least in part be attributed to failures to use such aggregated game-based responses, below

we provide empirical evidence on the horizontal aggregation principle, by showing consistency of people’s
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choices across a series of different game types (see section 3.1); the vertical aggregation principle, by
showing consistency in multiple versions of a single game type (see section 3.2); and, finally, the
combination of both these aggregation types, by showing even higher consistency in multiple versions
across different game types (see section 3.3). For each of these three steps, it is examined to what extent —
discrete and aggregated — game behavior relates with prosocial personality and, where available, with (self-
reported) prosocial behavior in mundane settings. If the relationships between game behavior and trait
prosociality and/or behavioral prosociality become stronger after aggregation, then this would imply that
economic games are indeed “reflective of psychological reality” [18], and thus measure a common core
aspect of human prosociality.

Importantly, the present review exclusively focusses on the class of social dilemma games. Social
dilemma games - like the Prisoner’s Dilemma, the Public Goods Dilemma, and the Commons Dilemma -
are economic games in which two or more players independently (and usually simultaneously) decide
between prosocial and selfish alternatives. The most defining feature of such games is that acting
prosocially increases social welfare (that is, the sum of all players’ outcomes), while at the same time it may
decrease a player’s individual outcome. As such, social dilemma games are characterized by partial
negative interdependence between players’ payoffs ([1, 2, 3], also see [10]). Note that the present review
does not include other game classes, such as constant-sum games (which are characterized by perfect
negative interdependence between players’ payoffs) or coordination games (which are characterized by
positive interdependence between players’ payoffs).

3.1 Horizontal aggregation: Behavioral consistency across a series of different games

Because a conflict between self-interest and the welfare of others is at the basis of all social
dilemma games, it would be expected that choice behavior across different games shows substantial
consistency. In line with this reasoning, several prior studies have found relatively strong consistency in

behavior across different games (e.g., [29, 30], also see [31, 32, 33]). Other studies, however, have
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reported only small to moderate correlations between different games (e.g., [15]). Yet, it must be noted that
this latter research not only included social dilemma games, but also games from other classes (such as a
Dictator Game), which may have suppressed the intercorrelations among the game behaviors.

Particularly interesting in the context of the present research question is our own prior research
[34**], in which we examined consistency in choice behavior across five social dilemma games, namely: A
Prisoner’s Dilemma, an Assurance Game, a Public Goods Dilemma, a Commons Dilemma, and a Trust
Game in the role of trustor (see Table 1 for a brief overview of the structural features of these games). We
found a large average correlation of r = .31 across these five different games (see Appendix A of the
Supplementary Materials for more information).22 This large average correlation suggests that “across-
game” consistency is rather high: When a person acts prosocially in one particular social dilemma game
(e.g., a Prisoner’s Dilemma), it is likely that he or she will also act prosocially in other social dilemma games
(e.g., a Public Goods Dilemma and a Commons Dilemma). Yet, it is important to note that the exact
strength of these relationships is dependent upon which specific games are compared (i.e., aggregation
can reasonably be expected to work better for game types with a similar — rather than a dissimilar — game
structure).

In this study, we ([34**], also see [35*]) did not just focus on the association between different
game types, but also on the association between choice behavior and individual differences in prosocial
personality, as measured by Social Value Orientation (SVO), Right-Wing Authoritarianism (RWA), and
Social Dominance Orientation (SDO). Additionally, the HEXACO Agreeableness and Honesty-Humility

dimensions were also measured. More importantly, however, we did not just focus on the association

2 Note that high scores in the Commons Dilemma reflect selfish (instead of prosocial) behavior. To ensure that all game
behaviors point in the same direction, throughout this article, for this game the signs of the correlations were reversed, such that
higher scores indicate greater prosocial behavior.

3 Besides these five social dilemma games, Haesevoets et al. [34**] also included a Dictator Game and an Ultimatum Bargaining
Game, which are, by definition, no social dilemma games (but instead constant-sum games). Because of this, these two games
are not included in the calculation of this average correlation. If these two games are also included in the calculation, the average
correlation (r = .22) is only moderate.
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between single game types and prosocial personality, but also that between prosocial personality and
aggregated game behavior. As shown in Table A1 of Appendix A, the correlations between single game
behavior and these prosocial personality measures were small to moderate (.08 < r<.18; mean r = .14);
crucially, however, after aggregating choice behavior across the five different games, correlations with
prosocial personality were all moderate to large (.13 < r<.27; mean r = .21).* From these findings, it can
thus be derived that the link between game behavior and prosocial personality becomes somewhat
stronger after horizontal aggregation is applied (although obviously, this will only apply for personality traits
that are conceptually linked to the game behaviors). Accordingly, horizontal aggregation of choices across
different game types appears to capture a common core of decision behavior that is more aligned with
prosocial personality than are isolated choices in a specific game type.
3.2 Vertical aggregation: Behavioral consistency across multiple versions of a single game

Besides consistency across different types of games, a further crucial question is whether people
show consistency in choice behavior across different versions of the same game. As noted, studies that
rely on economic games have tended to focus on decisions within one specific game type (e.g., [36, 37, 38,
39, 40]). Yet, even studies that have utilized the same game type have often done so in different variants,
which differ, for example, in terms of the endowments at stake, the (a)symmetry in outcomes, and/or the
level of conflict between players’ choices (i.e., the degree to which their outcomes are aligned or opposed,
which can vary in different operationalizations of the same game). Although such game variants are rooted
in the same game structure (e.g., that of the Prisoner’s Dilemma), such game variations may nevertheless
have considerable impact on choice behavior. Yet, because these different game variants all pertain to the

same game type (e.g., they are all Prisoner’s Dilemmas), it would be expected that choice behavior across

4 Note that RWA and SDO reflect non-prosocial (instead of prosocial) traits (i.e., high levels of RWA and SDO are linked with
lower cooperation). To ensure that all personality traits point in the same direction, throughout this article, for these two traits the
signs of the correlations were also reversed.
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different variants of the same game also shows substantial consistency. Most prior research, however,
does not allow us to verify this, as this research generally did not investigate the consistency of people’s
choices, but instead focused on between-participant differences due to treatments.

A notable exception is this regard is the recent study of Haesevoets, Reinders Folmer, Bostyn, and
Van Hiel [41**], which explored the consistency of people’s choices across sixteen different versions of a
Prisoner’s Dilemma. The authors obtained these different game variants by systematically manipulating the
stakes (low vs. high endowments), the (a)symmetry in outcomes (symmetrical vs. asymmetrical outcomes),
and the level of conflict between the players’ interests (low vs. medium vs. high vs. very high conflict).
Although the game variants differed on these three crucial dimensions, correlations between choices in
each of the sixteen variants of this game were all positive and significant, resulting in a large average
correlation of r = .36 and a high Cronbach’s alpha of .90 (see Appendix B for more detailed information).
Together, these findings also suggest high “within-game” consistency: When a person acts prosocially in
one variant of a particular game type (e.g., a Prisoner’s Dilemma with symmetrical outcomes), he or she is
likely to also do so in other variants of that game type (e.g., a Prisoner’s Dilemma with asymmetrical
outcomes). Here too, the exact strength of these relationships depends on which particular game variants
are compared (e.g., having symmetrical vs. asymmetrical outcomes exerts a more powerful influence on
people’s choices than having low vs. high endowments).

Haesevoets et al. [41**] also examined the link between individual game variants and prosocial
personality in terms of SVO, dispositional trust, RWA, and SDO. Moreover, they again examined the
association between prosocial personality and aggregated game behavior. The prosocial personality
measures displayed small to moderate correlations with choice behavior in individual game variants (.14 <r
<.19; mean r = .16); whereas their associations with aggregated game behavior were moderate to large

(.22 < r<.30; mean r = .26; see Table B1 of Appendix B for more details). As such, these findings illustrate
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that vertical aggregation across multiple versions of the same game type also results in higher correlations
with personality traits, at least when these traits are conceptually linked to the game behaviors.
3.3 Multiple aggregation: Behavioral consistency across different versions of different games

Several studies have presented participants with multiple trials of multiple games (e.g., [31, 42)).
Particularly interesting for our research question, however, is a recent study of Haesevoets, Van Hiel,
Dierckx, and Reinders Folmer [43**]. These authors presented participants with eight versions of a
Prisoner’s Dilemma, eight versions of a Public Goods Dilemma, and eight versions of a Commons
Dilemma. This “multi-variant-multi-game-type” approach allows a more direct comparison of consistency
within and across different games. When comparing the two game types with the closest similarity in
outcome structure (i.e., the Public Goods Dilemma and the Commons Dilemma) the results confirmed that
consistency in choice behavior was greater within different variants of the same game type (vertical
aggregation; very large average correlation of r = .75 among the eight Public Goods Dilemmas and very
large average correlation of r = .63 among the eight Commons Dilemmas)>’ than across similar variants of
different game types (horizontal aggregation; very large average correlation of r = .44 between the Public
Goods Dilemmas and the Commons Dilemmas with the same stakes and incentives for choosing a
prosocial option). In line with theoretical expectations, these findings illustrate that “within-game”
consistency (vertical aggregation) indeed appears to be stronger than “across-game” consistency
(horizontal aggregation; see Appendix C for more detailed information).

Here too, the authors [43**] examined the link between game behavior and prosocial personality in

terms of SVO, dispositional trust, RWA, and SDO. Again, choices in individual games displayed small to

5 In the present study [43**] “within-game” consistency was much larger than in the study of Haesevoets et al. [41**] (in which the
authors reported an average correlation of solely r = .36 among their sixteen Prisoner’s Dilemmas). This can possible be
explained by the exact nature of the games (solely symmetrical game variants in the former study and both symmetrical and
asymmetrical game variants in the latter study). Moreover, participants in the former study had to indicate their choices on a
continuous scale, whereas in the latter study they had to choose between a cooperative and a defective alternative. The
inclusion of both symmetrical and asymmetrical game variants and the use of a dichotomous choice format may have
suppressed the intercorrelations in the study of Haesevoets et al. [41**].
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moderate correlations with these prosocial personality measures (.09 < r < .22; mean r = .11). For each of
the three game types, aggregating choices across the eight game variants (vertical aggregation) resulted in
somewhat stronger relationships (.11 < r<.29; mean r = .17). However, the strongest associations
between game behavior and prosocial personality were generally obtained when decisions were
aggregated to a single index of choice behavior across all game types and all game variants (multiple
aggregation; .17 < r < .26; mean r = .20; see Table C1 of Appendix C for more details). Based on these
findings, it can thus be concluded that the link between game behavior and prosocial personality is
strongest after multiple aggregation (i.e., aggregation across multiple game types as well as multiple game
variants).

As a further indicator of prosociality, Haesevoets et al. [43**] also included indicators of prosocial
behavior in mundane settings, including (self-reported) blood donations, donations to noble causes,
volunteering, commuting behaviors, and environmental behaviors. The authors explored how game
behavior was associated with such mundane prosocial behaviors, and how aggregation impacted these
associations (see Table C2 of Appendix C). For each of the three game types, correlations were rather
small when comparing choices in individual games with the individual prosocial behaviors (Prisoner’s
Dilemma: r=.11; Public Goods Dilemma: r = .15; Commons Dilemma: r = .07). For the Prisoner’s Dilemma
(but not for the Public Goods Dilemma and the Commons Dilemma), the relationships between game
behavior and mundane prosocial behavior became stronger when choices were aggregated across game
variants (vertical aggregation; Prisoner’s Dilemma: r = .17; Public Goods Dilemma: r = .17; Commons
Dilemma: r = .08). Interestingly, associations with individual game behavior were also stronger if the
mundane prosocial behaviors were aggregated, at least for the Prisoner’s Dilemma (r = .18) and the Public
Goods Dilemma (r = .25), but not for the Commons Dilemma (r = .10). The strongest associations between
game behavior and mundane prosocial behavior were, however, found when aggregation was applied on

both the side of the games and on the side of the real-life prosocial behaviors. That is, aggregated
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mundane prosocial behaviors displayed rather large associations to aggregated choices in the Prisoner’s
Dilemma (r = .28) and the Public Goods Dilemma (r = .28). But again, this was not the case for the
Commons Dilemma (r = .12). These findings thus suggest that the link between game behavior and real-life
prosocial behavior also becomes stronger when relying on aggregated measures of game behavior as well
as aggregated measures of mundane prosocial behavior; but, here too, it is important to note that the
similarity of the situational structure between mundane and game-based situations may be decisive for the

exact size of these correlations.

4. CONCLUSION

To study people’s reactions in social dilemmas as precisely as possible, an extensive range of
economic games has been developed, which have been studied in a broad range of variants. Although
understanding choice behavior within specific game types or game variants can be useful for understanding
people’s reactions within that particular setting, behavior within isolated games (i.e., within a single game
type, a single game variant, or even a single interaction) can only be modestly related to behavior in other
games (or other game variants), and to prosocial personality traits and mundane prosocial behaviors.

Our review investigated behavioral consistency in the context of social dilemma games. The results
clarify that, for this particular game class, aggregation across different game types (horizontal aggregation),
across multiple variants of the same game type (vertical aggregation), and across multiple variants of
different game types (multiple aggregation) all three boost behavioral consistency. These three aggregation
effects — and the stronger relationships that aggregation reveals with indicators of prosocial personality and
mundane forms of prosocial behavior — illustrate that we can better capture “human prosociality” (or at least
a core facet thereof) when aggregated (instead of single) measures of game behavior are used. As such,
these findings also clarify that, to strengthen the utility of social dilemma games for studying prosocial

behavior, future research should examine game behavior across a broader range of settings — that is,
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across multiple game trials, multiple game variants, and/or multiple game types (depending on which exact
question one wants to answer).

From a practical side, our results reveal that vertical aggregation (across game variants) is
generally more performant than horizontal aggregation (across game types), and should thus be preferred.
Vertical aggregation also allows to strike a better balance between theoretical precision and measurement
quality. Nevertheless, horizontal aggregation may provide useful insight into the common core of different
game types. Since the employment of aggregated measures of game behavior may help to reduce bias
due to measurement error or idiosyncrasies of particular game types or variants, we strongly recommend
future social dilemma research to rely on aggregation for the study of prosocial behavior. Moreover, we
also encourage researchers to further explore the value of aggregation in the context of other game classes

(such as constant-sum games and coordination games).
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Table 1

TABLE 1. Summary of the five social dilemma games used by Haesevoets et al. [34**].

Game type Number of Type of Type of Game structure

players interaction choice

Prisoner’s Dilemma Two players Simultaneous  Dichotomous Two players decide simultaneously whether to cooperate or defect. The best
individual outcome is unilateral defection (DC), followed by mutual cooperation
(CC), mutual defection (DD), and unilateral cooperation (CD).

Assurance Game T Two players Simultaneous  Dichotomous Two players decide simultaneously whether to cooperate or defect. Here, the best
individual outcome is mutual cooperation (CC), followed by unilateral defection
(DC), mutual defection (DD), and unilateral cooperation (CD).

Public Goods Dilemma Multiple players ~ Simultaneous  Continuous ~ Multiple players decide simultaneously how much resources to contribute to a public
good. The contributed resources are multiplied by a factor larger than one and
shared equally across all players, irrespective of their individual contributions.

Commons Dilemma Multiple players ~ Simultaneous ~ Continuous  Multiple players decide simultaneously how much resources to harvest from a
shared resource. The resources which are not harvested are multiplied by a factor
larger than one and shared equally across all players, irrespective of their individual
harvests.

Trust Game (trustor) ¥ Two players Sequential Continuous A trustor decides how much resources to transfer to a trustee. The amount that the

trustor transfers is (usually) tripled and added to the trustee’s earnings. As a

response, the trustee can transfer any amount back to the trustor.

T A common misunderstanding is that the Assurance Game (also known as stag hunt) presents no social dilemma and leads inevitably to mutual cooperation. However, if in this game a

person believes that the other player will defect, the best this person can do is to defect as well.

1 The Trust Game is a social dilemma game from the perspective of the trustor, and a constant-sum game from the perspective of the trustee.
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