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Cognitive conflict in social dilemmas: An analysis of response
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Abstract

Recently, it has been suggested that people are spontaneously inclined to cooperate in social dilemmas, whereas defec-
tion requires effortful deliberation. From this assumption, we derive that defection should entail more cognitive conflict
than cooperation. To test this hypothesis, the current study presents a first application of the response dynamics paradigm
(i.e., mouse-tracking) to social dilemmas. In a fully incentivized lab experiment, mouse movements were tracked while
participants played simple two-person social dilemma games with two options (cooperation and defection). Building on
previous research, curvature of mouse movements was taken as an indicator of cognitive conflict. In line with the hy-
pothesis of less cognitive conflict in cooperation, response trajectories were more curved (towards the non-chosen option)
when individuals defected than when they cooperated. In other words, the cooperative option exerted more “pull” on
mouse movements in case of defection than the non-cooperative option (defection) did in case of cooperation. This effect
was robust across different types of social dilemmas and occurred even in the prisoner’s dilemma, where defection was
predominant on the choice level. Additionally, the effect was stronger for dispositional cooperators as measured by the
Honesty-Humility factor of the HEXACO personality model. As such, variation in the effect across individuals could be
accounted for through cooperativeness.

Keywords: social dilemma, response dynamics, cooperation, cognitive conflict, intuition, mouse-tracking, personality,

Honesty-Humility.

1 Introduction

Cooperation is a central aspect of human interactions and
has been studied extensively by means of social dilemmas
(Dawes, 1980; Dawes & Messick, 2000; Kollock, 1998).
In social dilemmas, individuals are faced with the choice
between two options: They can either defect, thereby max-
imizing their own payoff, or they can cooperate, thereby
maximizing collective payoffs. Social dilemmas are char-
acterized by two properties (Van Lange, Joireman, Parks
& Van Dijk, 2013): Defection is typically tempting for
the individual because it yields individually superior out-
comes. However, if all individuals defect, all are worse off
than if they had all cooperated.

One recurring question in research on social dilemmas
is which cognitive mechanisms drive decisions in these
situations. Recently, it was proposed that intuition and
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reflection interact to produce decisions in social dilem-
mas (Rand, Greene & Nowak, 2012). More specifically,
Rand and colleagues argued that a cognitive conflict ex-
ists between intuition and reflection (deliberation), such
that “intuition supports cooperation ... and ... reflec-
tion can undermine these cooperative impulses” (p. 427).
As a theoretical explanation, Rand, Peysakhovich et al.
(2014) stated that cooperation is typically advantageous in
the context of daily life interactions, and therefore leads
to the formation of cooperative intuitions. These intu-
itions are generalized to other contexts, such as social
dilemma experiments, resulting in spontaneous coopera-
tive impulses in these situations as well. However, co-
operation might not be advantageous at all in these new
contexts, and reflection may override the initial coopera-
tive impulse, adapting behavior towards the context spe-
cific optimum (defection).

Empirical studies designed to test the prediction of intu-
itive cooperation can be grouped into two categories: ex-
perimental manipulations designed to influence the degree
to which people rely on intuition versus reflection in their
decision, and correlational studies focusing on the rela-
tionship between process characteristics (such as response
times) and decisions in social dilemmas.

Studies using experimental manipulations follow the
idea that manipulations designed to foster the influence of
intuition should increase cooperation, whereas manipula-
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tions designed to foster the influence of reflection should
decrease cooperation. In line with this reasoning, ask-
ing participants to write about a situation where intuitive
decision making had led them in the right direction in-
creased contributions in a public goods game compared to
a condition where participants had to write about a situ-
ation where careful reasoning worked out well (Rand et
al., 2012, Studies 8 & 9). In addition, participants con-
tributed more to a public good when they were forced to
decide quickly (i.e., under time pressure) than when they
were instructed to reflect and to decide slowly (Rand et al.,
2012, Studies 6 & 7). However, in another series of experi-
ments no effect of time pressure on cooperation was found
(Tinghog et al., 2013), leading to an ongoing controversy
about the stability and potential moderators of this ef-
fect (Rand, Greene & Nowak, 2013; Rand & Kraft-Todd,
2014; Rand, Newman & Wurzbacher, in press; Rand,
Peysakhovich et al., 2014; Verkoeijen & Bouwmeester,
2014). One possible caveat concerning time pressure may
be that, rather than increasing the influence of intuition,
time pressure may lead to an increase in guessing' or a de-
crease in the amount of information searched (from givens
or from memory)—neither of which necessarily foster co-
operation.

In addition to experimental manipulations, research in-
vestigating the link between intuition and cooperation
has also examined the process characteristics of decisions
(Rand et al., 2012). These process characteristics are taken
as indicators for the degree to which a decision was in-
tuitive. If the hypothesis put forward by Rand and col-
leagues holds, there should be a positive relationship be-
tween cooperation and indicators of intuition. So far, stud-
ies have focused on one specific attribute of the process,
namely speed.? The basic assumption is that intuitive re-
sponses are faster than reflective responses (Kahneman,
2011). In line with their hypothesis that cooperation is in-
tuitive, Rand and colleagues (2012) report that faster deci-
sions were more cooperative than slower decisions across
several studies. For example, response time negatively
predicted contributions to a public good (Studies 1 & 5).
Similarly, response time was negatively associated with
the probability of cooperative choices in different variants
of the prisoner’s dilemma game (Studies 2—4).

Evidence on the relationship between response time and
cooperation is, however, also not consistent in the litera-
ture. In line with Rand et al. (2012), several other stud-

Rand, Peysakhovich et al. (2014) however suggest that the effect of
time pressure on cooperation in Rand et al. (2012) cannot be explained
by more random behavior in the time pressure condition, as the average
contribution in this condition is not closer to 50% (which should result
from random behavior) compared with the time delay condition.

Recently, text analyses of open ended survey responses have also
been used to investigate the relationship between intuition and coopera-
tion in social dilemmas (Rand, Kraft-Todd & Gruber, 2014; Roberts et
al., 2014).
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ies reported a negative relationship between response time
and cooperation in public goods games (Lotito, Migheli
& Ortona, 2013; Nielsen, Tyran & Wengstrom, 2014).
Yet, the opposite pattern was found in a dictator game in
which faster participants made more egoistic choices (Pi-
ovesan & Wengstrom, 2009). A more complex relation-
ship between response time and cooperation was found
in studies assessing the social value orientation of par-
ticipants, where individualists had shorter response times
than both cooperators and competitors (Dehue, McClin-
tock & Liebrand, 1993; Fiedler, Glockner, Nicklisch &
Dickert, 2013; Liebrand & McClintock, 1988). In their re-
cent working paper, Evans, Dillon, and Rand (2014) find
evidence for an inverted-U relationship between response
time and cooperation in both the public goods game and
the prisoner’s dilemma game in two studies and a meta-
analysis. They conclude that “self-paced reaction times
should not be treated as a direct proxy for the degree
of reflection [vs. intuition], as other psychological vari-
ables may also influence decision speed” (p. 29, brackets
added). Indeed, although it is commonly assumed that in-
tuitive processes are fast, short response times could well
be produced by mechanisms other than intuition (e.g., very
limited information search or pure guessing).

Part of the difficulty, we conjecture, lies in the reliance
on theoretical constructs that are insufficiently specified on
the level of testable cognitive processes (Glockner & Wit-
teman, 2010). Specifically, it is difficult to test a dissocia-
tion between intuitive and deliberative processing because
these are rather vague labels (Gigerenzer, 1998) that have
been understood to mean quite different things (Keren
& Schul, 2009). For example, some have implied that
intuition drives the use of heuristics (Gigerenzer, 2007;
Kahneman, 2003)—and thus strategies for effort reduc-
tion (Shah & Oppenheimer, 2008)—whereas others equate
intuition with effortless integration of large amounts of
information (Betsch & Glockner, 2010; Hogarth, 2001;
Seligman & Kahana, 2009) and thus quite the opposite
of what effort-reducing heuristics do (Hilbig, Scholl &
Pohl, 2010). Also, in-depth analyses imply that there may
be some gradual differences rather than distinct modes of
thinking (Horstmann, Ahlgrimm & Glockner, 2009). Fi-
nally, even though intuitions are often understood to be
fast, one cannot assert that fast processes are intuitive and
it has also been argued that some intuition can be no-
tably slow and time-consuming (Dijksterhuis & Nordgren,
2006). In summary, the intuitive-reflective-dichotomy
makes it difficult to test the underlying theoretical idea of
Rand et al. (2012).

Thus, rather than trying to test a dissociation between
intuition and deliberation per se, it seems prudent to rely
on specific process measures that can be used to test the
proposed relationship. That is, one can focus on process
variables for which the assumptions made by Rand et al.
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(2012) make clear-cut predictions, independent of the la-
bels intuition and deliberation. One such process charac-
teristic is the cognitive conflict involved in making a de-
cision. If cooperation is the “effortless”, “spontaneous”,
“initial” or “intuitive” response (Rand et al., 2012), de-
fection should entail more cognitive conflict than cooper-
ation. To measure cognitive conflict one can employ a re-
cently proposed and promising method: the analysis of re-
sponse dynamics. Response dynamics provide researchers
with implicit measures of the growth of a preference lead-
ing up to the decision (Koop & Johnson, 2011; Spivey &
Dale, 2006). From this method, measures for cognitive
conflict can be derived. In the following, we will briefly
introduce the logic of response dynamics and report an ex-
periment applying this type of measure to social dilemma
choices.

1.1 Response dynamics

The basic response dynamics paradigm for computerized
experiments involves the continuous tracking of mouse
movements while participants choose between options
that are spatially separated on a screen (also referred to
as mouse-tracking; Freeman & Ambady, 2010). The as-
sumption behind the paradigm is that cognitive processing
is continuously revealed in motor movements (Spivey &
Dale, 2006). More specifically, it is assumed that mouse
movements reveal the tentative commitments to the differ-
ent choice options during the decision process (Freeman,
Dale & Farmer, 2011). In that sense, an option that is
strongly considered at one point during the decision pro-
cess exerts a “pull” of the mouse movement in the direc-
tion of this option. Therefore, the mouse movement as
a whole (the so-called response trajectory) and different
measures derived from it can be used to draw inferences
about the cognitive processes that take place during the
formation of the decision (Koop & Johnson, 2011).

One property of the response trajectory that is of par-
ticular interest for our purposes is its curvature. The basic
idea is that the more seriously an ultimately non-chosen
option is considered during the decision process, the more
will the trajectory deviate in direction of this option. In
other words, the degree of curvature represents the spa-
tial attraction towards the non-chosen option (Freeman
& Ambady, 2010; Spivey & Dale, 2006), which can be
taken as a proxy of the overall degree of cognitive conflict.
An early experiment by Spivey, Grosjean, and Knoblich
(2005) validates this interpretation. Participants were re-
peatedly asked via headphones to click on one of two im-
ages displayed on the screen (e.g., “Click the candy.”).
The requested object (“‘candy’) was paired with a distrac-
tor that was either phonologically similar (e.g., “candle’)
or phonologically dissimilar (e.g., “jacket”). As expected,
response trajectories were more curved towards the dis-
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tractor if the distractor was phonologically similar, sug-
gesting that the increased curvature was caused by the
increasing attraction of the distractor in this condition.
More recently, a validation study of the response dynam-
ics paradigm was also provided for the area of preferential
choice (Koop & Johnson, 2013, Experiment 1). In a series
of trials, participants had to indicate which of two images
they preferred. Importantly, images were selected from
a well-normed set of stimuli (International Affective Pic-
ture System; Lang, Bradley & Cuthbert, 2008), and the
a priori difference in pleasantness of the pictures in a pair
was varied continuously. As expected, the curvature of the
response trajectories increased with increasing similarity
in pleasantness, validating the interpretation that curvature
reveals the competition between choice options for the do-
main of preferential choice.

Both behavioral and neurophysiological evidence has
corroborated the assumptions behind the response dynam-
ics approach (Spivey, 2007). Following the pioneering
work by Spivey et al. (2005), the paradigm has been suc-
cessfully applied to a variety of cognitive domains, includ-
ing language, social cognition, and learning (see Freeman
et al., 2011, for a review). More recently, response dy-
namics have also been used to study judgment and de-
cision making processes (Dshemuchadse, Scherbaum &
Goschke, 2013; Koop, 2013; Koop & Johnson, 2011,
2013). However, to the best of our knowledge, no study
has considered response dynamics as process indicators in
social dilemma decision making.

The experiment reported below takes advantage of the
response dynamics paradigm to test a hypothesis derived
from the theoretical framework by Rand et al. (2012) that
considers cooperation as the spontaneous response in so-
cial dilemmas. Building on the previously outlined theo-
retical and empirical arguments, we expect a main effect
of decision (cooperation vs. defection) on cognitive con-
flict (as indicated by the curvature of mouse trajectories)
in social dilemmas. More specifically, defection should
entail more cognitive conflict (greater curvature) than co-
operation.

1.2 Individual differences

In their studies, Rand et al. (2012) observed that the no-
tion of intuitive cooperation appears to hold for some indi-
viduals, whereas both intuition and reflection lead to little
cooperation for other individuals. Consequently, Rand et
al. have stressed the importance of identifying individual
difference factors that might moderate the effect. Indeed,
it has been emphasized that one should not only test for
effects on the aggregate but also consider to what extent
an effect holds per individual—both in judgment and de-
cision making research and experimental psychology in
general (Baron, 2010). Optimally, then, such interindivid-
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ual variation in the effect could also be explained by some
moderating factor. Therefore, an additional goal was to
investigate whether there are between-participant differ-
ences in the hypothesized relation between decision and
cognitive conflict, and if so, to explain these through mod-
erating factors.

Regarding the relationship of intuition and coopera-
tion, two moderating factors have been uncovered so far,
namely (a) the cooperativeness of interaction partners in
daily life and (b) prior experience with laboratory exper-
iments. Faster responses were found to be positively re-
lated to cooperation only for individuals who reported
having many cooperative daily-life interaction partners
(Rand et al., 2012). Besides, time pressure increased co-
operation only for individuals who had little prior expe-
rience with laboratory experiments (Rand, Peysakhovich
et al., 2014) and were thus arguably less often exposed
to situations in which defection is positively reinforced.
An additional study that assessed both factors in combi-
nation even showed evidence for an interaction, namely,
that time pressure increased cooperation only when par-
ticipants both had little prior experience with economic
games and reported to have mainly cooperative interaction
partners (Rand & Kraft-Todd, 2014).

Although these specific factors fit nicely with the rea-
soning of Rand, Peysakhovich et al. (2014), they refer
more to prior experiences than to individual differences in
the sense of basic, dispositional tendencies such as person-
ality traits. However, it is straightforward to predict that
personality traits reflecting cooperativeness and pro-social
tendencies should explain the difference in cognitive con-
flict when people defect versus cooperate. Disposition-
ally cooperative individuals should be particularly inclined
to cooperate spontaneously and their decisions should be
characterized by particularly strong conflict whenever they
defect. In other words, especially for highly cooperative
individuals a large positive difference in cognitive conflict
between defection and cooperation should be expected.
In turn, the overall hypothesized effect (that cooperation
yields less conflict) may diminish or even reverse for dis-
positionally uncooperative individuals.

One personality trait that specifically reflects disposi-
tional cooperativeness is the Honesty-Humility (HH) fac-
tor of the HEXACO personality model (Ashton & Lee,
2007; Ashton, Lee & de Vries, 2014). HH is defined as
the “tendency to be fair and genuine in dealing with oth-
ers, in the sense of cooperating with others even when one
might exploit them without suffering retaliation” (Ash-
ton & Lee, 2007, p. 156). In line with this definition,
HH has been found to predict cooperation in a variety of
paradigms from behavioral economics ranging from the
dictator game (Hilbig & Zettler, 2009; Hilbig, Zettler,
Leist & Heydasch, 2013) and social values (Ackermann,
Flei & Murphy, in press; Hilbig, Glockner & Zettler,
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Table 1: Formal payoff structure of the social dilemmas
used in the current experiment. Each player chooses ei-
ther to cooperate or to defect and the resulting payoff is
displayed in the matrix (Player 1 | Player 2).

Player 1
Player 2 Cooperates Defects
Cooperates RIR TIS
Defects SIT PIP

Note. R =reward, T = temptation, S = sucker,
P = punishment.

2014), to social dilemmas such as the public goods game
(Hilbig, Zettler & Heydasch, 2012) and the prisoner’s
dilemma game (Zettler, Hilbig & Heydasch, 2013).

Building on the theoretical definition of HH and corre-
sponding empirical findings, HH should predict between-
participant variation in the hypothesized effect of deci-
sion on cognitive conflict, that is, function as a modera-
tor. Specifically, individuals high in HH should be partic-
ularly inclined to cooperate spontaneously and should find
it more difficult to counteract this impulse when ultimately
deciding to defect. In other words, the difference in con-
flict between defection and cooperation decisions should
be larger for individuals high in HH. For their counterparts
low in HH, this difference should be considerably smaller
or it might even reverse.

2 Method

The hypotheses outlined above were tested in a fully in-
centivized lab experiment, where participants played sim-
ple two-person social dilemma games with the two options
cooperation and defection. Depending on the combina-
tion of players’ choices, the individual payoff varied fol-
lowing a specific payoff structure. (See Table 1 for the
general structure.) If both players cooperated, both re-
ceived the same payoff called reward (R). Similarly, if both
players defected, both received an inferior payoff called
punishment (P). If one player cooperated but the other de-
fected, the cooperative player received the sucker’s payoff
(S) while the defecting player received the payoff called
temptation (7). By modifying the order of the different
payoffs, different types of social dilemmas were created
such that different motivations for cooperation versus de-
fection existed.

To increase variation in cooperation rates, three differ-
ent types of social dilemma games were implemented.
First, the prisoner’s dilemma game (PDG; Rapoport &
Chammah, 1965) was used (T > R > P > S), in which
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two mechanisms—temptation (7 > R) and fear (P > S)—
motivate defection. Second, the chicken game (Rapoport
& Chammah, 1966) was employed (7' > R > S > P), where
temptation still motivates defection (7 > R), but fear is no
longer present (P < S). Third, the stag hunt game (Gichter,
2004) was used (R > T = P > S), where fear motivates de-
fection (P > S), but temptation is no longer present (7' < R).
All three game types have in common the previously out-
lined characteristics of a social dilemma (Van Lange et al.,
2013). That is, in each game, there is a non-cooperative
option that is (at least sometimes) more attractive for the
individual than the cooperative option. However, if both
individuals decide to pursue this non-cooperative option,
they end up worse off than if they had both cooperated (R
> P for all three game types).

For the experiment, we constructed five variants of each
of the three previously described game types. Within each
game type, the cooperation index (Rapoport & Chammah,
1965; Vlaev & Chater, 2006) was held constant and only
the specific payoff values were varied, meaning that the
relative attractiveness of cooperation versus defection did
not differ across variants. All payoff matrices used in the
current experiment can be found in Appendix A.

2.1 Materials & procedure

Basic personality factors and the HH dimension in par-
ticular were assessed using the German version (Mosha-
gen, Hilbig & Zettler, 2014) of the 60-item HEXACO-
Personality-Inventory-Revised (HEXACO-60; Ashton &
Lee, 2009; for further information on the inventory and all
items see http://hexaco.org). To maintain the structure of
the inventory, all 60 items—including those pertaining to
personality factors not of interest here—were assessed and
answered on a scale ranging from 1 (strongly disagree)
to 5 (strongly agree). However, in the analysis only the
individual scores on the HH scale (i.e., individual means
across the 10 items corresponding to this factor) were con-
sidered.> The internal consistency and descriptive statis-
tics of this scale (Cronbach’s o = .78, M = 3.31, SD =

3The items are reprinted with permission. * indicates reverse scoring.
I wouldn’t use flattery to get a raise or promotion at work, even if I
thought it would succeed.
If I knew that I could never get caught, I would be willing to steal a mil-
lion dollars.*
Having a lot of money is not especially important to me.
I think that I am entitled to more respect than the average person is.*
If T want something from someone, I will laugh at that person’s worst
jokes.*
I would never accept a bribe, even if it were very large.
I would get a lot of pleasure from owning expensive luxury goods.*
I want people to know that I am an important person of high status.*
I wouldn’t pretend to like someone just to get that person to do favors for
me.
I’d be tempted to use counterfeit money, if I were sure I could get away
with it.*
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0.64) were comparable to other samples using the Ger-
man version of the HEXACO-60 (Moshagen et al., 2014)
and its English counterpart (Ashton & Lee, 2009). The
HEXACO-60 and a short demographic survey were ad-
ministered either online at least 48 hours before the labo-
ratory experiment (68% of participants) or directly before
the laboratory experiment (32% of participants).*

After providing informed consent, participants worked
on the social dilemma games (followed by other tasks
not pertinent to the current investigation). The experi-
ment was implemented in OpenSesame (Mathot, Schreij
& Theeuwes, 2012) and conducted full-screen with a res-
olution of 1680 x 1050 pixel. First, participants were fa-
miliarized with the general procedure. Specifically, they
were told that they would play fifteen rounds and one of
the other participants currently present would be randomly
assigned to them as their interaction partner in each round.
It was stressed that every pairing was anonymous and nei-
ther player would learn about the decision of the other.
Once all fifteen decisions had been made, five of the fif-
teen rounds would be randomly selected and participants
would be paid contingent on the outcome of these rounds
(i.e., based on their decisions and the decisions of their
interaction partners). Points were transformed into mon-
etary payoffs with a rate of 0.50 € (approx. 0.70 USD)
per 100 points. Next, participants were introduced to the
structure of the games using an exemplary PDG payoff
matrix. The consequences resulting from each combina-
tion of the players’ choices were explained in detail. At
the end of the instructions, participants made one prac-
tice decision without consequences followed by the fifteen
consequential rounds. The order of these fifteen rounds
was randomized between the experimental sessions; how-
ever, it was the same for all participants within the same
experimental session.

To reduce noise in participants’ mouse movements, a
start screen was presented before each round. Participants
had to click on the start button in the lower center of the
screen to ensure that the starting position of the mouse
cursor was comparable across trials (Freeman & Ambady,
2009, 2010).> On the decision slide, the payoff matrix was
shown in the center of the screen (see Figure 1). Partici-
pants were instructed to choose an option by clicking on
the corresponding box in the upper left (“Option A”) or
upper right (“Option B”) corner of the screen. Through-
out the experiment, these neutral option labels were used
(instead of “cooperate” or “defect”) to avoid socially desir-

4This procedural difference had no significant influence on coopera-
tion rates or average HH values. Also, the main results could be repli-
cated when including the procedural difference as a factor in the analyses.

5 After the start button was clicked, the cursor was relocated to the
coordinates of the center of the start button to ensure that the starting
position was exactly identical across trials.
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Figure 1: Screenshot of a decision slide used in the experiment (with enlarged font size and original relative distances
preserved). Original instructions were in participants’ native language (German).

Decision 9 of 15

You choose Option A
chooses Option A 100 |

chooses Option B 0 |

You choose Option A

You choose Option B
200 | chooses Option A

50 | chooses Option B

You choose Option B

Please choose
between Option A and B.

able responding (e.g., Moshagen, Hilbig & Musch, 2011).
Whether the cooperative choice option was presented left
(as “Option A”) or right (as “Option B”) was counterbal-
anced across participants to avoid presentation order ef-
fects (Hehman, Stolier & Freeman, in press). In addition
to the choice and response time, the mouse trajectory (i.e.,
the x-, y-coordinates of the cursor) was recorded at a rate
of 100 Hz (higher than or comparable to other mouse-
tracking applications; Freeman & Ambady, 2010; Koop
& Johnson, 2011). Participants were not told that their
mouse movements were recorded nor were they given spe-
cial instructions regarding the movements of the mouse
(Koop & Johnson, 2011, 2013).

2.2 Participants

Participants were recruited from a local participant pool.
In total, 116 individuals participated in the experiment.
Their age ranged from 18 to 36 years (M = 22.5, SD =
4.0), 79 were female, and 107 were students from various
disciplines. On average, participants earned 2.56 € (ap-
prox. 3.50 USD) in the social dilemma game which lasted
for about fifteen minutes. The obtained sample size yields
high statistical power (1 — 3 = .94) to detect a small effect
(d =0.30) in a paired ¢-test given an « error probability of
.05 (Faul, Erdfelder, Lang & Buchner, 2007).
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3 Results

To assess whether the variability in participants’ coopera-
tion/defection decisions was sufficient, we first computed
the individual cooperation rate per participant across all
games. On average, participants cooperated in 58% of
their decisions (SD = 19%). Inspection of the individ-
ual cooperation rates revealed that 115 participants (99%
of participants) chose each option (cooperation and defec-
tion) in at least one of the fifteen rounds. The remaining
participant always cooperated and was excluded from all
further analyses.® In line with the notion that two mech-
anisms foster defection in the PDG but only one mecha-
nism does so in each of the other games, participants co-
operated less in the PDG (25%) than in the other games,
as confirmed by a generalized linear-mixed model using a
binomial link function,’ z = -18.63, p <.001. In addition,
the probability of cooperation was higher in the stag hunt
game (86%) than in the chicken game (63%), z =9.12, p
<.001.

Next, we tested the first hypothesis that defection en-
tails more cognitive conflict than cooperation. As a first
descriptive indicator of conflict, we inspected the average
response trajectories. Following previous studies employ-

©This was done to allow the use of simpler analysis methods (e.g., a
paired -test for our first hypothesis). However, all results were replicated
using the complete dataset and more complex analysis methods (e.g.,
linear-mixed models) that allow for missing cells.

7The model was estimated using the glmer function of the Ime4 pack-
age (Bates, Maechler, Bolker & Walker, 2014) in R (R Core Team, 2014).


http://journal.sjdm.org/vol9.6.html
https://doi.org/10.1017/S1930297500006392

Judgment and Decision Making, Vol. 9, No. 6, November 2014

Figure 2: Average time-normalized response trajectory per
decision. Pixels indicate difference from horizontal screen
center and lower end of screen respectively.
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ing the mouse-tracking paradigm (e.g., Freeman & Am-
bady, 2010; Koop & Johnson, 2011; Spivey et al., 2005),
we mapped all trajectories to one side, time-normalized
trajectories into 101 time bins,® and aggregated them first
within and then across participants separately for the dif-
ferent decisions. The resulting average trajectories for
cooperation and defection are depicted in Figure 2. In
line with the hypothesis, trajectories of defection deci-
sions were characterized by a greater curvature and thus
greater attraction towards the non-chosen option (cooper-
ation) than vice versa.

To statistically test this curvature pattern, we calculated
the maximum deviation (MD, in pixels) for each single
trajectory. The MD is defined as the maximum perpen-
dicular deviation between the actual trajectory and its ide-
alized trajectory, which is the straight line connecting the
trajectory’s starting point and end point (Freeman & Am-
bady, 2010; McKinstry, Dale & Spivey, 2008). MD serves
as an index of the maximum attraction towards the non-
chosen option (Freeman & Ambady, 2010), and thus as
an indicator of the maximum conflict during the decision.
Whereas the following analyses use the MD towards the
non-chosen option as dependent variable, Appendix B re-
ports additional analyses based on other measures.

Given the skewness of the MD distribution, we square
root transformed the MD values and used these values for
all following analyses (but replicated all results using the

8Potential initial phases without mouse movements were removed be-
fore time-normalization.
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Figure 3: Mean (square root transformed) maximum devi-
ation per decision. The error bars represent one standard
error of the mean.
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untransformed MD values, see Appendix B). Next, we av-
eraged the MD per decision and participant (Wojnowicz,
Ferguson, Dale & Spivey, 2009). As can be seen in Figure
3, the mean MD was higher when participants defected (M
= 15.14, Mdn = 14.33, SD = 6.03) than when they cooper-
ated (M =12.92, Mdn =12.31, SD = 4.98). This difference
was statistically significant in a paired r-test, #(114) = 3.40,
p < .001, d = 0.32, hence confirming statistically the ob-
served differences in the average response trajectories.’
Furthermore, we examined whether the effect of deci-
sion was robust across the different game types. For each
game type, the qualitative pattern was as expected, as the
mean MD was higher for defection than cooperation (see
Table 2). As several participants did not choose both coop-
eration and defection at least once per game type, we an-
alyzed the aggregated mean MD per participant, decision,
and game type in a linear-mixed model using participants
as random intercept and decision, game type, and their in-
teraction as predictors.!® As expected, there was a main
effect of decision, F(1, 434.84) = 15.58, p < .001. Be-

9Given the large amount of information participants needed to take
into account in the task, their mouse trajectories might be prone to influ-
ences other than their preference developments, e.g., reading movements.
To rule out that our results are somehow driven by these irrelevant mouse
movements, we replicated the main results excluding trials with “read-
ing” or highly chaotic movements. (See Appendix B for details on trial
exclusion and results.)

10-values were obtained using the mixed function of the afex package
(Singmann, 2014) in R (R Core Team, 2014), which calculates type 3
like p-values using the Kenward-Roger approximation for degrees-of-
freedom.
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Table 2: Mean (square root transformed) maximum devi-
ation averaged per game type and decision.

Decision

Cooperate Defect

Game type n M (D) n M (SD)

Chicken 104 14.28 (6.68) 90 16.43 (8.19)
Prisoner’s 63 11.75 (7.42) 109 14.15 (6.26)
dilemma

Stag hunt 114 12.23 (5.65) 39 15.25 (8.62)

Note. The sample size per cell differs because not all
115 participants decided to both cooperate and defect
in each game type.

sides, there was a main effect of game type, F(2, 425.99)
= 5.82, p = .003. Importantly, the interaction between de-
cision and game type was not significant, F(2, 428.30) =
0.16, p = .85. Hence, defection decisions entailed more
conflict than cooperation decisions regardless of the game
type and thereby regardless of differences in the specific
structure of the payoff matrix. Moreover, it is noteworthy
that even in the game encompassing the lowest coopera-
tion rates (25% cooperation in PDG) the mean MD for de-
fection was significantly higher than for cooperation, F(1,
89.31) = 6.54, p = .01. Thus, even though defection was
predominant on the choice level, cooperation still entailed
less cognitive conflict than defection.

To investigate between-participant differences in the ef-
fect of decision on cognitive conflict, we computed the dif-
ference of mean MD between defection and cooperation
per participant. Directly replicating our previous analy-
sis, the mean difference of 2.22 was significantly greater
than zero, #(114) = 3.40, p < .001, d = 0.32. However,
as indicated by a SD of 6.99, there was also considerable
variation in the size of the effect. Specifically, although
the difference was positive for the majority of participants
(63%), a substantial proportion of participants showed the
reversed difference (37%).

To account for this variation across individuals we
tested the hypothesized moderating factors as outlined
above. First, we examined whether the overall coop-
erativeness of participants in the current study (as indi-
cated by their individual proportion of cooperative choices
across all trials) predicted the MD difference between co-
operation and defection, and, as a more distal factor, we
asked whether the individual HH scores predicted the MD
difference. In line with expectations, both predictors sig-
nificantly (positively) predicted the MD differences in sep-
arate correlational analyses (r = .46, #(113) = 5.51, p <
.001, for cooperativeness, and r = .20, #(113) =2.18, p =
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Figure 4: Predicted mean (square root transformed) maxi-
mum deviation conditional on Honesty-Humility and par-
ticipants’ decision. Confidence bands represent the 95%
confidence interval.

N
o

N
(&)}

[$,]
1

cooperate

Square root (maximum deviation)
>
1

= = = = defect

1 1 1 1 1
-1.0 -0.5 0.0 0.5 1.0
Honesty-Humility (centered on mean)

.03, for HH). As displayed in Figure 4, the relationship
between mean MD and HH was as hypothesized: For in-
dividuals high in HH, defection yielded more conflict than
cooperation; for their counterparts low in HH there was no
such difference or even a tendency for the reversed effect.

Finally, we asked whether the effect of HH was actually
driven by the situational cooperativeness of participants in
the current study. To this end, we conducted a mediation
analysis following the steps proposed by Baron and Kenny
(1986). As reported above, HH predicted the difference
score, 8 = 0.20, t(113) = 2.18, p = .03. In addition, HH
also predicted cooperativeness, 5 = 0.34, #(113) =3.79, p
< .001. When including both HH and cooperativeness in
a regression to predict the difference score, only cooper-
ativeness was a significant predictor, § = 0.44, #(112) =
4.98, p < .001, whereas HH was no longer significant, 5 =
0.05, 1(112) = 0.58, p = .56—thus confirming a full medi-
ation. Correspondingly, the indirect effect of HH was sta-
tistically significant, Sobel’s Z =2.98, p = .003."" That is,
the situational cooperativeness of participants in the cur-
rent study mediated the effect of HH on the difference in
cognitive conflict between defection and cooperation. In
summary, these analyses help explain the substantial vari-
ation in the main effect across individuals.

ITA path analysis using the lavaan package (Rosseel, 2012) in R (R
Core Team, 2014) with bootstrap standard errors led to comparable re-
sults (p = .002 for indirect effect).
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4 Discussion

In the current experiment, we tested a hypothesis derived
from the recently proposed assumption that cooperation is
intuitive in social dilemmas, whereas defection requires
effortful deliberation (Rand et al., 2012). To this end,
we presented a first application of the response dynam-
ics paradigm (Koop & Johnson, 2011) to social dilem-
mas. Specifically, given that intuition and reflection are
inherently difficult to tease apart because they represent a
rather vague dichotomy, we tested a more specific impli-
cation: that defection should entail more cognitive con-
flict than cooperation as indicated by participants’ mouse
movements during the decision process. In line with this
hypothesis, response trajectories were more curved (to-
wards the non-chosen option) when individuals defected
than when they cooperated. In other words, the coopera-
tive option exerted more “pull” on mouse movements in
case of defection than the non-cooperative option (defec-
tion) did in case of cooperation. This effect was robust
across different types of social dilemmas and occurred
even in the prisoner’s dilemma where defection was pre-
dominant on the choice level. The effect of more con-
flict in defection held for the majority of individuals, but
there was also notable interindividual variation in the ef-
fect. This interindividual variation could be accounted for
by individuals’ situational cooperativeness which, in turn,
was driven by their dispositional cooperativeness in terms
of the basic personality factor Honesty-Humility as speci-
fied in the HEXACO model (Ashton & Lee, 2007).

The current experiment extends previous research that
has primarily focused on response times to examine the
relationship between intuition and cooperation. Specifi-
cally, one main argument for the hypothesis that cooper-
ation is intuitive stems from correlational studies demon-
strating that shorter response times are associated with in-
creased cooperation (Rand et al., 2012). However, such
a negative relationship between response times and coop-
eration has not been consistently found in the literature,
and recently it was argued that response times should not
be taken as a direct indicator of intuitive versus reflective
processing (Evans et al., 2014). The current experiment
provides a solution for this problem by considering an al-
ternative process variable—cognitive conflict—for which
specific predictions can be derived based on the hypoth-
esis that cooperation is the “spontaneous”, “initial”, “ef-
fortless” response in social dilemmas while defection re-
quires effortful deliberation (Rand et al., 2012). Indeed,
cooperation decisions entailed less conflict. This is also
in line with growing evidence that prosocial behavior in
general may stem from intuitive, reflexive, and automatic
processes (see Zaki & Mitchell, 2013, for a short sum-
mary).

Moreover, the current experiment further specifies ex-
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tant findings on interindividual variation in how much of
a spontaneous, initial response cooperation tends to be
(Rand, Peysakhovich et al., 2014). While previous stud-
ies have identified individual differences in terms of prior
experiences as moderators (Rand et al., 2012; Rand &
Kraft-Todd, 2014; Rand, Peysakhovich et al., 2014), we
demonstrated the moderating influence of a basic person-
ality trait. The HH factor of the HEXACO personality
model has recently been identified as the basic trait driving
active cooperativeness in various domains (for overviews
see Ashton et al., 2014; Hilbig et al., 2014). Correspond-
ingly, we found that particularly decisions of individuals
high in HH were characterized by more cognitive conflict
when defecting than when cooperating. Furthermore, the
effect of HH was mediated by the situational cooperative-
ness of participants in the current study.

Finally, the current experiment demonstrates the use-
fulness of the response dynamics paradigm for investigat-
ing complex decision making tasks. Whereas earlier stud-
ies used the response dynamics paradigm primarily to in-
vestigate basic cognitive tasks with objectively correct re-
sponse options, the paradigm has recently been extended
to study complex decision making tasks that also include
preferences (Koop & Johnson, 2011). In these studies, re-
sponse dynamics have offered novel insights and availed
tests for which existing response output data (i.e., choices
and response times) were not sufficient—in areas such as
risky decision making (Koop & Johnson, 2013, Experi-
ment 2), moral decision making (Koop, 2013), and in-
tertemporal choice (Dshemuchadse et al., 2013). We add
to this recent development and extend the application of
response dynamics to social dilemma decision making.

Nevertheless, the application of the response dynam-
ics paradigm to more complex tasks without objectively
correct response options also bears some methodological
challenges. Previous research with basic cognitive tasks
usually involved a correct or desired response option and
the primary comparison dimension of the response tra-
jectories could be experimentally manipulated (e.g., the
phonological similarity of the distractor in the experiment
by Spivey et al., 2005). By contrast, the current experi-
ment involved preferences, and the final choice (coopera-
tion vs. defection) constituted the comparison dimension
of interest. This implies a loss of experimental control
over the comparison dimension, because the frequency of
each response type depended entirely on the participant.
This dependence could result in missing cells and other
analytical challenges (Koop & Johnson, 2013). To address
this problem, we decided to not only rely on the classic
social dilemma, the PDG, in which cooperation rates are
typically low, but to also implement two additional social
dilemmas that should render cooperation more likely. This
modification was successful, as observations for both re-
sponses were obtained for all participants but one. Nev-
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ertheless, the comparison dimension of the response tra-
jectories in our experiment was an observed predictor, not
under full experimental control.

The amount of information that people needed to take
into account when making their decision was also consid-
erably larger in the current experiment than in previous
applications of response dynamics. Nevertheless, in line
with previous applications of response dynamics we re-
frained from instructing participants to move the mouse in
a specific way (Koop & Johnson, 2011, 2013). As a con-
sequence, several response trajectories in our dataset con-
tained analysis-irrelevant mouse movements (e.g., “read-
ing” movements). We accounted for this increased level of
noise by performing the analyses both with the unfiltered
dataset and after excluding trials with irrelevant mouse
movements. Importantly, the results remained stable re-
gardless of the criterion used for excluding trials (see Ap-
pendix B). Future studies could find procedural solutions
to reduce the noise in the mouse movements, for exam-
ple, by simplifying the task or by modifying the temporal
order in which the task information is presented—similar
to solutions used in other decision making applications
of response dynamics (Dshemuchadse et al., 2013; Koop,
2013).

Finally, although the different curvatures of response
trajectories for cooperation and defection decisions sup-
port the idea that cooperation is the spontaneous and less
conflicting response in social dilemmas, they do not nec-
essarily imply that there are actually two distinct sys-
tems (intuition and reflection)—as assumed by Rand et
al. (2012)—that interact to produce decisions in social
dilemmas (Horstmann et al., 2009). Instead, these re-
sponse trajectory differences could also be explained by a
single system assuming functional differences in the ev-
idence accumulation process (see Dshemuchadse et al.,
2013, for a similar argument in intertemporal choice). Fu-
ture studies should address this problem, following Koop
and Johnson (2011, 2013), who emphasized the potential
of response dynamics for distinguishing between different
model classes. A particularly promising approach is a re-
cent study combining response dynamics and eye tracking
that tested quantitative predictions derived from a simple
evidence accumulation model for risky decision making
(Koop & Johnson, 2013, Experiment 3). Future studies
could use a similar approach to discriminate between dif-
ferent model classes and test their specific predictions for
social dilemmas.

References

Ackermann, K. A_, Flei}, J., & Murphy, R. O. (in press).
Reciprocity as an individual difference. Journal of Con-
flict Resolution.

https://doi.org/10.1017/51930297500006392 Published online by Cambridge University Press

519

Cognitive conflict in social dilemmas

Ashton, M. C., & Lee, K. (2007). Empirical, theoretical,
and practical advantages of the HEXACO model of per-
sonality structure. Personality and Social Psychology
Review, 11(2), 150-166.

Ashton, M. C., & Lee, K. (2009). The HEXACO-60: A
short measure of the major dimensions of personality.
Journal of Personality Assessment, 91(4), 340-345.

Ashton, M. C., Lee, K., & de Vries, R. E. (2014). The
HEXACO Honesty-Humility, Agreeableness, and Emo-
tionality factors: A review of research and theory. Per-
sonality and Social Psychology Review, 18(2), 139-152.

Baron, J. (2010). Looking at individual subjects in re-
search on judgment and decision making (or anything).
Acta Psychologica Sinica, 42(1), 1-11.

Baron, R. M., & Kenny, D. A. (1986). The moderator—
mediator variable distinction in social psychological re-
search: Conceptual, strategic, and statistical consider-
ations. Journal of Personality and Social Psychology,
51(6), 1173-1182.

Bates, D., Maechler, M., Bolker, B., & Walker, S.
(2014). Ime4: Linear mixed-effects models using Eigen
and S4. R package (Version 1.1-7). Retrieved from
http://CRAN.R-project.org/package=lme4

Betsch, T., & Glockner, A. (2010). Intuition in judgment
and decision making: Extensive thinking without effort.
Psychological Inquiry, 21(4), 279-294.

Dawes, R. M. (1980). Social dilemmas. Annual Review of
Psychology, 31, 169-193.

Dawes, R. M., & Messick, D. M. (2000). Social dilemmas.
International Journal of Psychology, 35(2), 111-116.
Dehue, F. M. J., McClintock, C. G., & Liebrand, W. B. G.

(1993). Social value related response latencies: Unob-
trusive evidence for individual differences in informa-
tion processing. European Journal of Social Psychol-

ogy, 23(3), 273-293.

Dijksterhuis, A., & Nordgren, L. F. (2006). A theory
of unconscious thought. Perspectives on Psychological
Science, 1(2), 95-109.

Dshemuchadse, M., Scherbaum, S., & Goschke, T. (2013).
How decisions emerge: Action dynamics in intertempo-
ral decision making. Journal of Experimental Psychol-
ogy: General, 142(1), 93—100.

Evans, A. M., Dillon, K. D., & Rand, D. G. (2014). Reac-
tion times and reflection in social dilemmas: Extreme
responses are fast, but not intuitive. Retrieved from
http://ssrn.com/abstract=2436750

Faul, F., Erdfelder, E., Lang, A.-G., & Buchner, A. (2007).
G*Power 3: A flexible statistical power analysis pro-
gram for the social, behavioral, and biomedical sci-
ences. Behavior Research Methods, 39(2), 175-191.

Fiedler, S., Glockner, A., Nicklisch, A., & Dickert, S.
(2013). Social value orientation and information search
in social dilemmas: An eye-tracking analysis. Orga-


http://journal.sjdm.org/vol9.6.html
https://doi.org/10.1017/S1930297500006392

Judgment and Decision Making, Vol. 9, No. 6, November 2014

nizational Behavior and Human Decision Processes,
120(2), 272-284.

Freeman, J. B., & Ambady, N. (2009). Motions of the
hand expose the partial and parallel activation of stereo-
types. Psychological Science, 20(10), 1183—-1188.

Freeman, J. B., & Ambady, N. (2010). MouseTracker:
Software for studying real-time mental processing using
a computer mouse-tracking method. Behavior Research
Methods, 42(1), 226-241.

Freeman, J. B., Dale, R., & Farmer, T. A. (2011). Hand
in motion reveals mind in motion. Frontiers in Psychol-
0gy, 2, 59.

Gichter, S. (2004). Behavioral game theory. In D. J.
Koehler & N. Harvey (Eds.), Blackwell handbook of
Jjudgment and decision making (pp. 485-503). Malden,
MA: Blackwell Publishing.

Gigerenzer, G. (1998). Surrogates for theories. Theory &
Psychology, 8(2), 195-204.

Gigerenzer, G. (2007). Gut feelings: The intelligence of
the unconscious. New York, NY: Viking Press.

Glockner, A., & Witteman, C. (2010). Beyond dual-
process models: A categorisation of processes underly-
ing intuitive judgement and decision making. Thinking
& Reasoning, 16(1), 1-25.

Hehman, E., Stolier, R. M., & Freeman, J. B. (in press).
Advanced mouse-tracking analytic techniques for en-
hancing psychological science. Group Processes & In-
tergroup Relations.

Hilbig, B. E., Glockner, A., & Zettler, 1. (2014). Person-
ality and prosocial behavior: Linking basic traits and
social value orientations. Journal of Personality and So-
cial Psychology, 107(3), 529-539.

Hilbig, B. E., Scholl, S. G., & Pohl, R. F. (2010). Think or
blink - is the recognition heuristic an “intuitive" strat-
egy? Judgment and Decision Making, 5(4), 300-309.

Hilbig, B. E., & Zettler, 1. (2009). Pillars of coopera-
tion: Honesty-Humility, social value orientations, and
economic behavior. Journal of Research in Personality,
43(3), 516-519.

Hilbig, B. E., Zettler, 1., & Heydasch, T. (2012). Person-
ality, punishment and public goods: Strategic shifts to-
wards cooperation as a matter of dispositional Honesty-
Humility. European Journal of Personality, 26(3), 245—
254.

Hilbig, B. E., Zettler, 1., Leist, F., & Heydasch, T. (2013).
It takes two: Honesty-Humility and Agreeableness dif-
ferentially predict active versus reactive cooperation.
Personality and Individual Differences, 54(5), 598—603.

Hogarth, R. M. (2001). Educating intuition. Chicago, IL:
University of Chicago Press.

Horstmann, N., Ahlgrimm, A., & Glockner, A. (2009).
How distinct are intuition and deliberation?  An
eye-tracking analysis of instruction-induced decision
modes. Judgment and Decision Making, 4(5), 335-354.

https://doi.org/10.1017/51930297500006392 Published online by Cambridge University Press

Cognitive conflict in social dilemmas 520

Kahneman, D. (2003). A perspective on judgment and
choice: Mapping bounded rationality. American Psy-
chologist, 58(9), 697-720.

Kahneman, D. (2011). Thinking, fast and slow. New York,
NY: Farrar, Straus and Giroux.

Keren, G., & Schul, Y. (2009). Two is not always better
than one: A critical evaluation of two-system theories.
Perspectives on Psychological Science, 4(6), 533-550.

Kollock, P. (1998). Social dilemmas: The anatomy of co-
operation. Annual Review of Sociology, 24, 183-214.

Koop, G.J. (2013). An assessment of the temporal dynam-
ics of moral decisions. Judgment and Decision Making,
8(5), 527-539.

Koop, G.J., & Johnson, J. G. (2011). Response dynamics:
A new window on the decision process. Judgment and
Decision Making, 6(8), 750-758.

Koop, G. J., & Johnson, J. G. (2013). The response dy-
namics of preferential choice. Cognitive Psychology,
67(4), 151-185.

Lang, P. J., Bradley, M. M., & Cuthbert, B. N. (2008).
International Affective Picture System (IAPS): Affective
ratings of pictures and instruction manual (Technical
Report A-8). Gainesville, FL: University of Florida.

Liebrand, W. B. G., & McClintock, C. G. (1988). The ring
measure of social values: A computerized procedure for
assessing individual differences in information process-
ing and social value orientation. European Journal of
Personality, 2(3), 217-230.

Lotito, G., Migheli, M., & Ortona, G. (2013). Is cooper-
ation instinctive? Evidence from the response times in
a public goods game. Journal of Bioeconomics, 15(2),
123-133.

Mathét, S., Schreij, D., & Theeuwes, J. (2012). Open-
Sesame: An open-source, graphical experiment builder
for the social sciences. Behavior Research Methods,
44(2), 314-324.

McKinstry, C., Dale, R., & Spivey, M. J. (2008). Action
dynamics reveal parallel competition in decision mak-
ing. Psychological Science, 19(1), 22-24.

Moshagen, M., Hilbig, B. E., & Musch, J. (2011). Defec-
tion in the dark? A randomized-response investigation
of cooperativeness in social dilemma games. European
Journal of Social Psychology, 41(5), 638-644.

Moshagen, M., Hilbig, B. E., & Zettler, 1. (2014).
Faktorenstruktur, psychometrische Eigenschaften und
Messinvarianz der deutschsprachigen Version des 60-
Item HEXACO Personlichkeitsinventars [Factor struc-
ture, psychometric properties, and measurement invari-
ance of the German-language version of the 60-item
HEXACO Personality Inventory]. Diagnostica, 60(2),
86-97.

Nielsen, U. H., Tyran, J.-R., & Wengstrom, E. (2014).
Second thoughts on free riding. Economics Letters,
122(2), 136-139.


http://journal.sjdm.org/vol9.6.html
https://doi.org/10.1017/S1930297500006392

Judgment and Decision Making, Vol. 9, No. 6, November 2014

Piovesan, M., & Wengstrom, E. (2009). Fast or fair? A
study of response times. Economics Letters, 105(2),
193-196.

R Core Team. (2014). R: A language and environment
for statistical computing. Retrieved from http://www.R-
project.org/

Rand, D. G., Greene, J. D., & Nowak, M. A. (2012).
Spontaneous giving and calculated greed. Nature,
489(7416), 427-430.

Rand, D. G., Greene, J. D., & Nowak, M. A. (2013). Rand
et al. reply. Nature, 498(7452), E2-E3.

Rand, D. G., & Kraft-Todd, G. T. (2014). Reflection does
not undermine self-interested prosociality. Frontiers in
Behavioral Neuroscience, 8, 300.

Rand, D. G., Kraft-Todd, G. T., & Gruber, J.
(2014).  Positive emotion and (dis)inhibition inter-
act to predict cooperative behavior. Retrieved from
http://ssrn.com/abstract=2429787

Rand, D. G., Newman, G. E., & Wurzbacher, O. M. (in
press). Social context and the dynamics of cooperative
choice. Journal of Behavioral Decision Making.

Rand, D. G., Peysakhovich, A., Kraft-Todd, G. T., New-
man, G. E., Wurzbacher, O., Nowak, M. A., et al.
(2014). Social heuristics shape intuitive cooperation.
Nature Communications, 5, 3677.

Rapoport, A., & Chammah, A. M. (1965). Prisoner’s
Dilemma: A study in conflict and cooperation. Ann Ar-
bor, MI: University of Michigan Press.

Rapoport, A., & Chammah, A. M. (1966). The game of
chicken. American Behavioral Scientist, 10(3), 10-28.

Roberts, M. E., Stewart, B. M., Tingley, D., Lucas, C,,
Leder-Luis, J., Gadarian, S. K., et al. (2014). Structural
topic models for open-ended survey responses. Ameri-
can Journal of Political Science, 58(4), 1064—1082.

Rosseel, Y. (2012). lavaan: An R package for struc-
tural equation modeling. Journal of Statistical Soft-
ware, 48(2), 1-36.

Seligman, M. E. P, & Kahana, M. (2009). Unpacking
intuition: A conjecture. Perspectives on Psychological
Science, 4(4), 399-402.

Shah, A. K., & Oppenheimer, D. M. (2008). Heuristics
made easy: An effort-reduction framework. Psycholog-
ical Bulletin, 134(2), 207-222.

Singmann, H. (2014). afex: Analysis of factorial exper-
iments. R package (Version 0.9-109). Retrieved from
http://CRAN.R-project.org/package=afex

Spivey, M. J. (2007). The continuity of mind. New York,
NY: Oxford University Press.

Spivey, M. J., & Dale, R. (2006). Continuous dynamics in
real-time cognition. Current Directions in Psychologi-
cal Science, 15(5), 207-211.

Spivey, M. J., Grosjean, M., & Knoblich, G. (2005).
Continuous attraction toward phonological competitors.

https://doi.org/10.1017/51930297500006392 Published online by Cambridge University Press

521

Cognitive conflict in social dilemmas

Proceedings of the National Academy of Sciences of the
United States of America, 102(29), 10393-10398.

Tinghoég, G., Andersson, D., Bonn, C., Bottiger, H.,
Josephson, C., Lundgren, G., et al. (2013). Intuition and
cooperation reconsidered. Nature, 498(7452), E1-E2.

Van Lange, P. A. M., Joireman, J. A., Parks, C. D., & Van
Dijk, E. (2013). The psychology of social dilemmas: A
review. Organizational Behavior and Human Decision
Processes, 120(2), 125-141.

Verkoeijen, P. P. J. L., & Bouwmeester, S. (2014). Does
intuition cause cooperation? PLos ONE, 9(5), €96654.

Vlaev, 1., & Chater, N. (2006). Game relativity: How
context influences strategic decision making. Journal
of Experimental Psychology: Learning, Memory, and
Cognition, 32(1), 131-149.

Wojnowicz, M. T., Ferguson, M. J., Dale, R., & Spivey,
M. J. (2009). The self-organization of explicit attitudes.
Psychological Science, 20(11), 1428-1435.

Zaki, J., & Mitchell, J. P. (2013). Intuitive prosocial-
ity. Current Directions in Psychological Science, 22(6),
466-470.

Zettler, 1., Hilbig, B. E., & Heydasch, T. (2013). Two sides
of one coin: Honesty-Humility and situational factors
mutually shape social dilemma decision making. Jour-
nal of Research in Personality, 47(4), 286-295.

Appendix A. Material

Table Al. Payoff matrices used in the current experiment.

Game type R T S P

Chicken 80 160 40 0

90 180 45 0

100 200 50 0

110 220 55 0

120 240 60 0

Prisoner’s dilemma 80 160 0 40

90 180 0 45

100 200 0 50

110 220 0 55

120 240 0 60

Stag hunt 140 60 20 60

158 68 23 68

175 75 25 75

193 83 28 83

210 90 30 90

Note. Points were transformed into monetary payoffs
with a rate of 0.50 € (approx. 0.70 USD) per 100 points.
R =reward, T = temptation, S = sucker, P = punishment.
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Table B1. Replication of main results for different depen-
dent variables. Main effect of decision (d) and correlation
between Honesty-Humility and difference score (r) are re-
ported.

Variable d r
Square root transformed maximum 0.32*** .20*
deviation

Untransformed maximum deviation 0.33%** 22%*
Maximum absolute deviation 0.30*** 23**
Maximum x coordinate 0.34*** .19*
Number of directional changes along ~ 0.35*** .19*
X-axis

Number of crossings of y-axis 0.25** .15

Note. Since both tests refer to directed hypotheses, p-
values are one-tailed. * p < .05, ** p < .01, *** p <.001.

Appendix B. Additional analyses

To ensure that the reported results do not depend on the
specific variable in the analyses (square root transformed
MD), we repeated our analyses using a number of dif-
ferent measures. Specifically, we tested the main effect
of decision (defection vs. cooperation) and the correlation
between HH and the difference score (mean difference be-
tween defection and cooperation) for all alternative mea-
sures. The results are displayed in Table B1.

First, we replicated our results using the untransformed
MD values. Next, we employed a different MD measure.
Since we were interested in the maximum attraction to-
wards the non-chosen option, we calculated the MD as
maximum deviation towards the non-chosen option (i.e.,
with a lower bound of 0). However, previous studies have
used the maximum absolute deviation assigning a minus to
those trajectories that maximally deviated in the direction
of the chosen option (Koop & Johnson, 2011; McKinstry
et al., 2008). We replicated our results using the maximum
absolute deviation. Besides, MD and maximum absolute
deviation highly correlated in our dataset (r = .97 ignor-
ing participants, r = .96 average correlation within partic-
ipants).

Another concern about using a MD measure is that it
is influenced both by movements in the direction of the x-
and of the y-axis; however, specifically deviations in the x-
axis direction are of interest here. Therefore, we repeated
our analyses using the maximum x value of a trajectory as
dependent variable. This variable also was highly corre-
lated with the untransformed MD (r = .94 ignoring partic-
ipants, r = .89 average correlation within participants) and
the results were replicated.

In addition, it is an open question whether the re-
sults also generalize to variables that relate more closely
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Table B2. Replication of main results for different trial ex-
clusion criteria using square root transformed maximum
deviation as dependent variable. Main effect of decision
(d) and correlation between Honesty-Humility and differ-
ence score (r) are reported.

Trial exclusion criterion d r

None (all trials) 0.32*** 20"
Moderate (15% of trials excluded) 0.27**  .16*
Strict (32% of trials excluded) 0.24**  .16*

Note. Since both tests refer to directed hypotheses, p-
values are one-tailed. * p < .05, ** p < .01, *** p < .001.

to changes of mind or preference reversals. In this re-
gard, Koop and Johnson (2013) distinguish between two
measures. They propose that the number of directional
changes along the x-axis represents reversals of the mo-
mentary valences, whereas the number of crossings of the
y-axis (assuming that the y-axis is at the horizontal cen-
ter of the screen) represents general reversals of prefer-
ence. We repeated our analyses for these measures as well.
Again, the results were replicated, although the effect of
HH failed to reach a conventional level of statistical sig-
nificance when using the number of crossings of the y-axis
as dependent variable (p = .051, one-tailed).

Finally, we repeated our analyses applying different fil-
ter criteria that excluded mouse trajectories with poten-
tially analysis-irrelevant mouse movements. Specifically,
the individual trajectories were coded by an independent
rater (blind to the purpose of this experiment and the deci-
sion of the participant), as to whether a trajectory likely in-
volved “reading” movements (indicated by directed move-
ments to one or more of the payoff matrix cells) or whether
it displayed highly chaotic movements (e.g., several up
and down movements). We repeated all analyses using
a moderate (15% of trials excluded) and a strict (32% of
trials excluded) criterion for exclusion, and analyzed the
data for those participants for whom at least one coopera-
tion and one defection decision remained. In both subsets,
all results could be replicated, as can be seen in Table B2.
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