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Abstract

Participants in the Ultimatum Game will often reject unfair resource allocations at personal
cost, reflecting a trade-off between financial gain and maintenance of social standing.
Although this rejection behavior is linked to executive control, the exact role of cognitive reg-
ulation in relation to status cues is unclear. We propose that the salience of status cues
affects how cognitive regulation resolves the conflict between financial gain and social sta-
tus considerations. Situations that tax executive control by limiting available cognitive
resources should increase acceptance rates for unfair offers, particularly when the conflict
between economic self-interest and social reputation is high. Here, participants rated their
own subjective social status, and then either mentally counted (Load) or ignored (No Load)
simultaneously-presented tones while playing two rounds of the Ultimatum Game with an
online (sham) “Proposer” of either high or low social status. A logistic regression revealed
an interaction of Proposer status with cognitive load. Compared to the No Load group, the
Load group showed higher acceptance rates for unfair offers from the high-status Proposer.
In contrast, cognitive load did not influence acceptance rates for unfair offers from the low-
status Proposer. Additionally, Proposer status interacted with the relative social distance
between participant and Proposer. Participants close in social distance to the high-status
Proposer were more likely to accept the unfair offer than those farther in social distance,
whereas the opposite pattern was observed for offers from the low-status Proposer.
Although rejection of unfair offers in the Ultimatum Game has previously been conceptual-
ized as an intuitive response, these results instead suggest it reflects a deliberative strategy,
dependent on cognitive resources, to prioritize social standing over short-term financial
gain. This study reveals the dynamic interplay of cognitive resources and status concerns
within this paradigm, providing new insights into when and why people reject inequitable
divisions of resources.
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Introduction

Opver the past three decades, laboratory studies of “take-it-or-leave-it” bargaining behavior
have repeatedly demonstrated that people are averse to unfair allocations of resources [1-3]. In
the standard Ultimatum Game scenario, one player (the Proposer) suggests a split of resources
with a second player, the Responder. If the Responder accepts, both parties receive the pro-
posed allocations; if the Responder rejects, both parties receive nothing. Traditional economic
theory suggests that all non-zero offers should be accepted out of economic self-interest, but
about half of Responders in industrialized societies reject highly unequal proposed allocations
(e.g., 20% or less) [4, 5]. Researchers have proposed that this rejection behavior reflects an
internal trade-off between financial gain and social status considerations, such as reputation
maintenance [6] or enforcement of fairness norms [7]. Although resolving this conflict
between economic and social outcomes is thought to require cognitive resources, the exact
role of executive control in Ultimatum Game scenarios, and how it interacts with social status
considerations, has been debated. Because previous studies have manipulated available cogni-
tive resources or social status considerations separately, it is unclear how these two factors dif-
ferentially contribute to the decision to accept an unfair offer.

According to the influential dual-process framework, acceptance of unequal offers requires
cognitive regulation to override a fast, automatic tendency to punish unfair Proposer behavior.
These two types of processes—fast and automatic versus slow and deliberative—therefore
compete to respectively favor social reciprocation or monetary gain (for a review, see [8]).
Overriding intuitive or emotional responses to perceived unfairness requires cognitive regula-
tion [9], a process often attributed to executive control regions of prefrontal cortex [10]. Con-
sistent with this idea, Responders who maximize personal gain by accepting a majority of
unfair offers show greater activity in regions of prefrontal cortex associated with cognitive reg-
ulation [11], and, conversely, individuals with greater inhibitory control show higher accep-
tance rates for unfair offers [12, 13]. Thus, it is commonly assumed that the dominant
response to an unfair offer is to reject, in line with the social heuristics hypothesis that responses
favoring fairness may be faster and more intuitive [8, 14].

Nonetheless, other evidence regarding the role of cognitive regulation in accepting unfair
offers has been mixed. Experimental manipulations designed to limit cognitive resources have
produced varied effects on acceptance rates for unfair offers [8]. For example, De Neys et al.
[12] found a decrease in the acceptance of unfair offers using a standard cognitive load manip-
ulation, consistent with the idea that selfishness requires deliberation, but Cappelletti and col-
leagues [15] found no effect of cognitive load on either Proposer or Responder behavior. More
recently, studies using “ego depletion” paradigms, in which performance of a cognitively
demanding task exhausts self-regulatory processes prior to the Ultimatum Game decision,
have found various effects including increases [16], decreases [17], or no change [18] in the
acceptance rate for unfair offers. These results suggest that other sources of variability, includ-
ing aspects of experimental design, can strongly influence the link between cognitive resources
and prosocial behavior [19].

Instead, recent research indicates that the role of prefrontal cognitive regulation circuits
may be more complex than just overriding intuitive preferences for fairness. Studies have
implicated dorsolateral regions of prefrontal cortex in self-control across a variety of task
demands, including dietary regulation [20, 21], intertemporal choice [22-24], and altruistic
choices [25]. These data suggest that cognitive regulation helps to orchestrate goal-consistent
responses by up-weighting relevant attributes in the decision process [20-25]. Many of these
scenarios require eschewing concrete and immediate rewards in favor of options that are
more abstract, long-term, or socially removed [26]. Consistent with this idea, disruption of
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dorsolateral prefrontal cortex via neurostimulation produces increased acceptance rates for
unfair offers in the Ultimatum Game, even though perceptions of unfairness appear to be
unchanged [27, 28]. Therefore, acceptance of unfair offers in the Ultimatum Game may
require cognitive regulation to resolve a conflict between concrete, short-term financial
rewards and more abstract social consequences which may play out over a longer timescale.

In particular, some researchers have hypothesized that rejection of unfair offers will evolve
out of concerns about social reputation maintenance [29-31], since individuals who develop a
reputation for accepting unfair offers may receive reduced allocations of resources in future
interactions [6]. Another social aspect of the unfair offer in the Ultimatum Game is the intro-
duction of disadvantageous inequality, in which one individual is left worse off relative to the
other. Previous research has shown that individuals are generally averse to receiving lower pay-
offs than their partners [32], especially when they are endowed with lower starting amounts
[33]. Finally, punishment of non-reciprocation can vary with the social distance between
actors, as seen in phenomena such as noblesse oblige, in which high-status individuals are more
tolerant of free-riding behavior by low-status partners [34]. Although such concerns about the
interpersonal context are arguably irrelevant to the anonymous, one-shot set-up of the typical
Ultimatum Game, participants may nonetheless factor these considerations into their accep-
tance decisions based on learning from real-world experiences where social contexts matter
[29].

Correspondingly, some studies have found that manipulating the social context of the Ulti-
matum Game can change acceptance rates for unfair offers. However, these effects are complex
in nature and depend on the nature of the social interactions being emphasized. When group
membership is made salient, individuals may be more likely to tolerate unfair offers from in-
group Proposers, reflecting in-group favoritism [35]. On the other hand, settings that prioritize
concerns about status within the group can decrease acceptance rates for inequitable offers
from in-group Proposers [35-37], leading in the extreme to “hyper-fair” rejections of overly
generous offers (i.e., more than 50%) [5]. Nonetheless, these status considerations can change
dynamically as a function of the social context, even within an individual: for example, a recent
laboratory study which manipulated social status within subjects across the course of the
experiment found that the same Responders accepted unfair offers at a higher rate when
endowed with low rather than high status [38].

In this study we consider how the trade-off between social standing and economic gain is
influenced by cognitive regulation. If cognitive regulation in the Ultimatum Game contributes
to the decision to favor social standing at the cost of economic gain, it follows that manipula-
tions of cognitive load that reduce available cognitive resources should increase the likelihood
of accepting unfair offers, especially when concerns about relative social status are high. How-
ever, to date this prediction has received little experimental study, with the majority of Ultima-
tum Game experiments manipulating social status or cognitive load, but not both.
Furthermore, depending on whether interpersonal considerations are driven by in-group
favoritism or more general concerns about equitable outcomes, the response to an unfair allo-
cation may differ as a function of the relative status of the Proposer and Responder. For exam-
ple, if Responders are particularly motivated to avoid disadvantageous inequality when their
own status is low [33], they should show lower acceptance rates to unfair offers coming from
Proposers of higher status. On the other hand, if fairness considerations are driven by in-
group bias, acceptance rates should vary with the relative social distance from the Proposer
rather than absolute status. Finally, endorsement of social hierarchy has been reported to
increase under cognitive load [39, 40], suggesting that increased acceptance of unfair offers
may arise from greater automaticity of deference to high status.
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To address these questions, we created a variant of the Ultimatum Game in which we exper-
imentally manipulated cognitive load and the social status of a sham “online” Proposer, as well
as assessing individual variability in the participant’s own subjective social status. We con-
strained social status considerations by providing Responders with detailed information about
the sham Proposer’s status, as measured by real-world markers of status including age, ethnic-
ity, annual income, and occupation. At the same time, participants provided self-report assess-
ments of their own demographic information, including a commonly-used measure of
subjective social status [41]. Last, participants completed a series of survey measures to assess
whether cognitive load directly affected the endorsement of hierarchical values, as reported
previously [39, 40].

Using this paradigm, we can explore the relative roles of cognitive resources and social sta-
tus in decisions to accept unfair offers. If cognitive load reduces the ability to resolve conflicts
between reputational or status concerns and monetary outcomes, we would predict increased
acceptance rates under load when such conflicts are high: i.e., in negotiations with a high-sta-
tus, but not low-status, Proposer. On the other hand, if acceptance rates are uniformly
increased under load, it would suggest that cognitive load merely encourages greater acquies-
cence regardless of Proposer status. Additionally, we can examine the relationship between
Proposer status and the participant’s relative social distance, as measured by the absolute dif-
ference in subjective social status scores. If acceptance rates vary as a function of in-group
favoritism, we would expect higher acceptance rates when social distance is low, regardless of
Proposer status. Conversely, if inequality aversion drives rejection of unfair offers, we would
expect an interaction of Proposer status and social distance, as concerns about disadvanta-
geous inequality are greater when participants’ social status is low [33]. Finally, by comparing
whether endorsement of hierarchical values increased under cognitive load, we can measure
the extent to which any effect of cognitive load on acceptance rates reflects reductions in exec-
utive function versus increases in attitudes favoring hierarchy [39, 40].

Materials and methods

Participants

Undergraduates and members of the local community (N = 157, 86 females, mean age = 20.9
years) participated for partial course credit or monetary compensation. Seven participants
were excluded for displaying suspicion about the online player’s existence or motivations in
answer to a post-experiment manipulation check, with an additional three participants
excluded for exhibiting atypical behavior including: refusing to accept any monetary compen-
sation; failing to comprehend the instructions for the tone counting task; and, exhibiting
extreme prejudice toward the online partner based on a stated dislike of the partner’s indicated
profession. Thus, data from 147 participants were included in the final analyses. All experi-
mental procedures were reviewed and approved by the Claremont McKenna College Institu-
tional Review Board, and all participants provided written informed consent prior to
participation.

Measures

Subjective social status and social distance. Participants were asked to indicate their sub-
jective social status by circling a number on the ladder representation from the MacArthur
Scale of Subjective Social Status [41]. The MacArthur Scale has been shown to correlate with
measures of psychological functioning and health outcomes, as well as objective socioeco-
nomic status [42, 43]. We derived a subjective measure of social distance by calculating the
absolute value of the difference between the participant’s MacArthur Scale score and the sham
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Proposer’s MacArthur Scale score, as shown to the participant in the personal profile of the
“online player” (Low = 1, High = 9).

Hierarchy endorsement. To assess whether cognitive load changed participants’ stated
endorsement of hierarchical perspectives, we included three survey measures previously linked
to hierarchy endorsement under load [40]: the Short Schwartz Value Survey (SSVS) [44], the
Moral Foundations Questionnaire (MFQ) [45], and Social Dominance Orientation (SDO-)
[46]. The SSVS consists of 10 items representing distinct motivational values [44, 47, 48]. Fol-
lowing previous research [40], we created two separate measures for equality values (SVS-ES)
vs. hierarchy values (SVS-HS) by averaging relevant items (SVS-ES: Benevolence and Univer-
salism; SVS-HS: Power and Achievement). The MFQ [45] includes five specific subscales that
have been grouped into egalitarian versus hierarchical endorsements. Previous research
reported that cognitive load was associated with increases in the Authority-Respect
(MFQ-A/R) subscale, which measures hierarchy endorsement [40]. We also included two
other subscales with particular theoretical relevance to the Ultimatum Game scenario, as
described above: Fairness/Reciprocity (MFQ-F/R) and In-Group/Loyalty (MFQ-I/L). Whereas
the former reflects egalitarian endorsement, a higher score on the latter subscale is associated
with greater endorsement of hierarchy. The SDO; consists of two subscales, Dominance and
Equality, which can be summed to obtain an overall hierarchy endorsement score [46].

Executive control. We obtained a measure of participants’ subjective executive control
using the Effortful Control portion of the Adult Temperament Questionnaire (ATQ) [49].
Given our manipulation of cognitive load though a tone-counting task, we focused our analy-
sis on the ATQ Effortful Control subscales related to effortful attention and inhibitory control.
Although it is a self-report measure, the ATQ-EC has been shown to correlate with standard
cognitive measures of conflict processing and working memory [50, 51], and is predictive of
attentional impairments in borderline personality disorder [52] and attention-deficit/hyperac-
tivity disorder [53].

Procedure

In this study, we measured the acceptance rate for unfair offers in the Ultimatum Game while
manipulating the cognitive load (Load, No Load) of the participant and the social status of the
Proposer (High, Low) in a 2x2 between-groups design. To reduce participants” expectations
regarding the purpose of the experiment, the study was advertised in all recruitment materials
as an experiment on multi-tasking. Instructions to participants likewise emphasized that the
experiment would be examining divided attention, looking at “how well adults are able to
accomplish multiple demanding tasks simultaneously.”

The experiment consisted of two parts, each of which was completed either under cognitive
load or no cognitive load (Fig 1). Participants first played an online Ultimatum Game with a
sham “partner” of either high or low status, and then completed a series of questionnaires. To
manipulate cognitive load, participants were randomly assigned to one of two groups: a
“Load” group in which participants counted differently pitched tones while simultaneously
performing the experimental tasks, or a “No Load” group in which participants were
instructed to ignore the simultaneously-presented tones. Each experimental session involved
single-blind data collection from a single participant, who was randomly assigned to load and
partner occupations prior to the start of the experimental session.

The effect of partner status was assessed in two separate experiments run consecutively over
a period of two years. In both experiments, the (sham) “online player” was always a middle-
aged white male. In the first experiment (n = 76), the “online player” was assigned a high-status
occupation (either an orthopedic surgeon or investment banker, counterbalanced across
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A
— Set-Up — Part 1 Part 2
“Sync” lab Fill out View both Ultimatum Disconnect Survey
computers player profile player Game computers measures
profiles (2 rounds)
Count tones/ Count tones/
Ignore tones Ignore tones
B Part 1: Ultimatum Game Task
Tone Task
Record the number of tones
in each sequence! THEIR YOUR Negotiation Task 1

PROFILE PROFILE

Write ? if you lose track. The offer is:

RECEIVER (You): $1.00
Proposer: $4.00

canwhaON®O

ACCEPT REJECT

Ignore the tones to the best
of your ability.

Part 2: Survey Measures

Count tones/
Ignore tones

Count tones/
Ignore tones

Count tones/
Ignore tones

Count tones/
Ignore tones

Survey 1 Survey 2 Survey 3 Survey 4

INSTRUCTIONS

INSTRUCTIONS

INSTRUCTIONS

INSTRUCTIONS

Fig 1. Experimental procedure. A) Timeline of experimental stages. B) Top: Visualization of experimental display in
Part 1. After viewing subjective social status information for themselves and an online sham “partner,” Participants
played two rounds of the Ultimatum Game while either counting (Load group) or ignoring (No Load group)
simultaneously-presented tones. Bottom: Timeline of Part 2, in which participants filled out demographic and survey
measures while counting (Load group) or ignoring (No Load group) simultaneously-presented tones.

https://doi.org/10.1371/journal.pone.0227717.9001

participants) with an annual income over $300,000, placing him in the 98.9™ percentile for US
household income. In the second experiment (n = 71), the age, gender, and ethnicity of the
“online player” were kept constant, but he was given a low-status occupation (either a cashier
or fast-food server, counterbalanced across participants) with an annual income under
$30,000, placing him below the 25 percentile for US household income.

Across both manipulations of partner status, participants were further randomly subdi-
vided into Load and No Load groups. The Load group (n = 74) performed an auditory tone-
counting task, described in detail below, which has previously been shown to tax working
memory when performed concurrently with other tasks that rely on shared cognitive resources
(e.g., n-back task) [54]. Participants in the Load group were instructed that the tone-counting
task should be their first priority. In the No Load group (n = 73), participants heard but did
not count the tones. Although participants in the No Load group received the same auditory
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input, the lack of continuous monitoring should lead to less overlap in working memory
demands and, thus, lower interference from the auditory stimuli [54].

The tone-counting task performed by participants in the Load group was modified from
[39]. Five audio files of synthesized tones were created: one 20-min file and four 10-min files,
each of which had tones sounding every 5 sec. We used four distinct tones that differed only
by pitch (700 Hz, 500 Hz, 400 Hz, and 310 Hz). Tones were presented one at a time in
sequences of 2 to 7 repetitions, randomly determined, and the order of tone sequences was
also randomized. The 20-min file consisted of 44 tone sequences which played continuously
throughout the Ultimatum Game and stopped automatically after the participant entered a
response to the second offer. Thus, the exact number of tone sequences per participant varied
depending on how quickly participants entered their responses to the Ultimatum Game. Dur-
ing Part 2, four separate 10-minute audio files were played, one for each survey, consisting of a
total of 100 tones (22-24 tone sequences per file). When the participant completed a survey,
the associated audio file would automatically stop playing. Participants mentally counted the
number of repetitions in each tone sequence without using fingers or tally marks and they
recorded the number on paper at the end of each sequence. Participants were instructed to be
as accurate as possible, and that their potential earnings were contingent on accurate perfor-
mance in the tone-counting task.

In Part 1, participants played two rounds of the Ultimatum Game. They were told that they
would “play an on-line negotiation game with a community member located in a laboratory in
Los Angeles.” The general structure of the Ultimatum Game was explained, including both
Proposer and Responder roles, and participants were required to successfully complete a com-
prehension check before continuing with the experiment. Participants were informed that
they would be deciding on the division of $5.00, but were not provided with any specific exam-
ples of how the money would be divided in order to avoid setting specific expectations prior to
the start of the experiment. Participants were further reminded that their decisions would
affect their monetary outcomes at the end of the experiment.

The Ultimatum Game was presented on the computer using PsychoPy software [55, 56]. To
establish a connection with the fictitious “other lab,” the participant waited while the
researcher pretended to contact the other lab via cell phone to “make sure the other participant
was ready to begin” and viewed a loading screen while the computer “synced” with the other
participant’s computer. Once the computers “synced”, a green circle appeared at the bottom
right corner of the computer screen; the participant was instructed to inform the researcher if
the circle changed to red, indicating a lost connection.

Once the computers “synced”, the participant was prompted to fill out a “player profile” for
themselves with personal information to be shared with the online “partner” (Fig 2): age, gen-
der, ethnicity, occupation, annual income, hobbies, and their own social status. The participant
was told it was important for both players to know information about each other because they
would be accepting or rejecting offers of real money. The participant then received informa-
tion from the “online player” by viewing both profiles side-by-side on the screen (Fig 2). To
maintain credibility, the researcher asked the participant who they were paired with and noted
that the Los Angeles laboratory often recruited non-student participants from the community.
After confirming that the participant understood the instructions, the experimenter left the
testing room.

Next, the participant played two rounds, rigged such that the Proposer role was always
assigned to the “online” player and the Responder role was always assigned to the participant.
Each offer split $5 of real money. Each participant received two separate offers from the
online player: one fair offer (50/50 split) and one unfair offer (80/20 split). Offer order was
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A Proposer Profile: High Status

Age: 38 >@
Gender: Male -
Ethnicity: White/Caucasian s
Occupation: Orthopedic surgeon M
Income: >$300,000 —2
Hobbies: Travel, Wine, & Triathlons -
B Proposer Profile: Low Status

Age: 38 e
Gender: Male :
Ethnicity: White/Caucasian 5
Occupation: Fast food server T
Income: <$30,000 2
Hobbies: Watching TV, listening (P

to the radio, playing cards

Fig 2. Sample participant information screen for the sham “online partner” of A) high and B) low status. Status of
the online partner was established via real-world markers including age, gender, ethnicity, occupation and income, as
well as graphical indication by the circled number on the MacArthur scale ladder.

https://doi.org/10.1371/journal.pone.0227717.9002

counterbalanced across participants. The participant received the sum of the two outcomes at
the end of the experiment; winnings ranged from $0 to $3.50.

The participant pressed a computer key to begin the Ultimatum Game, at which time the
tone file also initiated. Depending on the cognitive load task requirements, the participant was
reminded to count or ignore the tones, and then viewed the two player profiles. After the offer
appeared, the participant indicated whether he or she accepted or rejected the offer by key-
press, and the outcome of the round was presented. Following the second round, the tones
stopped and the computer displayed a “disconnecting” screen. The participant informed the
researcher that Part 1 was done, and was told how much money he or she had earned from
both negotiations.

In Part 2, the participant continued his or her cognitive load task requirements while com-
pleting paper-and-pencil survey measures in an attempt to replicate previous findings of
increased hierarchy endorsement under cognitive load [40]. Each participant completed three
surveys assessing egalitarian vs. hierarchical values, as well as a survey intended to measure
executive function (see Measures). Survey order was counterbalanced across participants. All
surveys were completed within 10 minutes.

Next, the participant completed a pencil-and-paper manipulation check questionnaire,
including questions about household/parental social status and estimated annual income, per-
ceived effort during the experiment, and experience and proficiency with multi-tasking (the
stated goal of the experiment). Short answer prompts were used to ask the participant’s opin-
ions about the other player and what he or she thought the purpose of the experiment was. Par-
ticipants who expressed disbelief or distrust about the player’s existence (e.g., “not real”,
“surprised that a man of that age and ‘status’ was participating”) or motivations (e.g., “I
thought the guy was pranking me and I would be foolish not to accept any amount of $”) were
excluded from further analysis. Although skepticism about the online partner might seem nat-
ural, only seven participants explicitly indicated pessimism about the experimental set-up. As
a final manipulation check, the participant was asked to recall where they had placed them-
selves on the ladder representation of the MacArthur scale, as well as the online player’s profile
and MacArthur scale status. The experimenter left the room while the participant completed
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the surveys and manipulation check questionnaire. The entire session lasted approximately 45
minutes.

Results
Tone-counting task

As aload manipulation check, we first examined tone-counting accuracy in the Load group.
High accuracy on the load-inducing, tone-counting task (mean = 91.5%, SD = 7.14%), con-
firmed that the dual-task manipulation engaged participants in the Load group. Because tone-
counting accuracy was relatively high, we also compared self-reported executive function in
the Load and No Load groups using the Effortful Control portion of the Adult Temperament
Questionnaire (ATQ-EC)[49]. Participants in the Load group showed a significant decrease in
their ATQ-EC scores relative to the No Load group (Load: mean = 0.64 + 0.11, No Load:
mean = 0.69 + 0.12; t(145) = 2.17, p = 0.03). This suggests that the tone-counting task measur-
ably affected participants’ judgment of their cognitive function.

Ultimatum Game acceptance rates

We addressed whether cognitive load influences acceptance rates for unfair offers in the Ulti-
matum Game, and to what extent this behavior is modified by the social status of the Proposer
vis-a-vis the Responder. As an initial check, we computed the acceptance rates for the fair offer
across all load and Proposer status manipulations. Since an even split of money does not
engender a conflict between financial and social considerations, we hypothesized that the fair
offer would be accepted at a high rate regardless of experimental manipulation. Consistent
with this expectation, fair offers were usually accepted across groups facing both low-status
(Load = 94.1%; No Load = 91.9%) and high-status (Load = 100%; No Load = 91.7%)
Proposers.

Having established that acceptance behavior for fair offers was in line with previous reports,
we next examined the roles of cognitive load, Proposer status, and relative social distance in
acceptance rates for unfair offers. We conducted a binary logistic regression with unfair offer
acceptance (0 = Reject, 1 = Accept) as the dependent variable, and independent variables of
cognitive load (0 = No Load, 1 = Load), Proposer status (0 = Low, 1 = High), and social dis-
tance. Specifically, social distance was derived from the MacArthur scale and defined as |Sta-
tUSparticipant — StatUSproposer|» Where Statuspyoposer = 1 for the Low status condition and 9 for the
High status condition. Data were centered based on the mean social distance across partici-
pants (mean = 4.20, SD = 1.63, range = 1 to 7), with far social distance classified as a mean-cen-
tered score greater than 0 (n = 70) and close social distance as a mean-centered score less than
0 (n =77). Gender [57] and offer order [58] have previously been implicated in Ultimatum
Game acceptance rates, but preliminary analyses examining their relationship with acceptance
rates for unfair offers were not significant (all x> < 1, ps > 0.8). Thus, these covariates were not
included in the final model.

Previous work suggests that executive control may be necessary to address the conflict
between financial gain and social reciprocation. Thus, cognitive load may be associated with
increased acceptance of unfair offers relative to no load, particularly when concerns about
social status are high. Additionally, the effects of Proposer status may be reduced or enhanced
depending on the relative social distance between the Proposer and Responder. Therefore, we
included two interaction terms, Cognitive Load x Proposer Status and Proposer Status x Social
Distance. Despite no a priori predictions, we also tested a model including the Cognitive Load
x Social Distance interaction for completeness, but the additional term did not affect the signif-
icance of the other two interactions, and did not appreciably improve model quality, as
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Table 1. Binary logistic regression on acceptance of unfair offers.

Block
0
1

Factor
Constant
Load (No Load, Load)
Proposer Status (Low, High)
Social Distance
Constant
Load (No Load, Load)
Proposer status (Low, High)
Social Distance
Load x Proposer Status
Proposer Status x Social Distance

Constant

Bold denotes covariates achieving significance at p < 0.05

https://doi.org/10.1371/journal.pone.0227717.t001

B SE Wald Df Sig. Exp(B)
-0.37 0.17 4.9 1 0.03 0.69
0.45 0.34 1.72 1 0.19 1.56
-0.24 0.36 0.44 1 0.51 0.79
-0.09 0.11 0.71 1 0.4 091
-0.48 0.3 2.56 1 0.11 0.62
0.4 0.5 0.78 1 0.38 0.64
-1.02 053 3.67 1 0.06 0.36
0.23 0.18 1.69 1 0.19 1.26
1.59 0.71 4.96 1 0.03 4.91
-0.54 0.24 5.08 1 0.02 0.58
-0.24 0.34 0.49 1 0.48 0.79

measured by the corrected Akaike Information Criterion (original model: AICc = 199.1; full
model: AICc = 201.3) [59]. Therefore, all reported statistical tests are based on the model with
two interactions.
Table 1 displays the results of the binary logistic regression for each stage of the model.
From the initial model specification (Block 0) to the final version (Block 2), the model showed
an increase in classification accuracy from 59.2% to 63.9%, indicating that the addition of the
interaction terms improved prediction accuracy beyond that of models including only the

intercept or intercept and main effects (Block 1: 59.9%). Likewise, Block 2 was associated with
significant increases in model fit both overall (XZ(S) =12.3, p = 0.03) and compared to Block 1
(x*(2) = 9.83, p = 0.007), as well as accounting for a greater proportion of variance (Block 1:
Nagelkerke R = 0.02, Block 2: Nagelkerke R* = 0.11). These measures suggest that our regres-
sion model with interaction terms provides a better fit to the data versus models with fewer
parameters.

First, a significant interaction of Load x Proposer Status (b = 1.59, Wald = 4.96, p = 0.026)
was observed. To interpret this effect, we calculated the acceptance rates for unfair offers
under Load vs. No Load groups as a function of Proposer status (Low vs. High). Although
acceptance rates for unfair offers were generally within the 40-60% range of previous estimates
from industrialized societies [5], they varied notably as a function of both load and Proposer
status (Fig 3). Whereas acceptance rates for unfair offers from the low-status Proposer were
similar regardless of cognitive load (Load: 38.2%; No Load: 45.9%), responses to the unfair
offer from the high-status Proposer differed depending on load. Over half of participants
(52.5%) who received the unfair offer while performing the tone-counting task chose to accept,
yet for the No Load group, the acceptance rate was strikingly lower (25%). Thus, participants
in the Load group were twice as likely to accept an unfair offer from a high-status Proposer as
their counterparts in the No Load group.

Second, our binary logistic regression revealed a significant interaction of Proposer Status x
Relative Social Distance (b = -0.54, Wald = 5.22, p = 0.022). High-status Responders interact-
ing with a low-status Proposer (far social distance) were more likely to accept the unfair offer
than low-status Responders (close social distance) (Far-Low: 50%, n = 44; Close-Low: 29.6%,
n = 27), whereas the opposite pattern was found in the high-status Proposer condition (Far-
High: 30.8%, n = 26; Close-High: 44%, n = 50). In other words, Responders who rated them-
selves lower in subjective social status were less likely to accept unfair offers from both Low
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Acceptance Rate for Unfair Offers by
Proposer Status and Cognitive Load
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Fig 3. Acceptance rates for unfair offers as a function of Proposer status (Low/High) and cognitive load (Load/No
Load).

https://doi.org/10.1371/journal.pone.0227717.g003

(close) and High (distant) Proposers, while Responders of higher status were more likely to
accept unfair offers from both Proposers (Fig 4).

Survey analyses

Our results suggest that cognitive load increases acceptance rates for unfair offers, but only
from high-status Proposers, in line with heightened conflict between financial gain and con-
cerns about social status in this group. However, another possible mechanism for these results

Acceptance Rate for Unfair Offers by
Proposer Status and Social Distance
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Fig 4. Acceptance rates for the unfair offer by Proposer status (Low/High) and relative social distance (Close/Far).

https://doi.org/10.1371/journal.pone.0227717.9004
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is suggested by previous work reporting that hierarchy endorsement is increased by a variety
of manipulations that impair cognitive function, including alcohol consumption, sleep depri-
vation, ego depletion, and tone counting [40]. Given the increased salience of social hierarchy,
these effects would be most pronounced for Responders faced with a high-status Proposer.

We conducted a multivariate analysis of covariance (MANCOVA) with independent fac-
tors of cognitive load (No Load, Load) and Proposer status (Low, High), including social dis-
tance as a covariate. The dependent variables were scores from three survey measures of
hierarchy endorsement (MFQ-A/R, SVS-HS, SDO) and related constructs of fairness
(MFQ-F/R), in-group loyalty (MFQ-I/L), and equality values (SVS-ES). No significant effects
were found for any factors or covariates, though there was a trend towards significance for
cognitive load (F(6,136) = 1.76, p = 0.11; Wilks’ A = 0.93, partial n® = 0.07). Inspection of the
univariate statistics revealed that this effect was not driven by an increase in hierarchy endorse-
ment, but rather by a significantly lower score on the SVS-HS (F(1,141) = 4.23, p = 0.04, partial
1> = 0.03), from a mean of 5.3 under no load to a mean of 4.79 under load. Therefore, contrary
to previous findings [40], we found no evidence in our sample that cognitive load changed
acceptance behavior by affecting the level of endorsement for social hierarchy.

Discussion

Previous research has suggested that cognitive regulation is integral to the decision to punish
or accept unfair offers in the Ultimatum Game. However, the literature is divided on whether
cognitive regulation contributes to Responder behavior by countering intuitive negative emo-
tional reactions to unfairness [10] or overriding the temptation of economic gain to maintain
social standing [27]. Our study provides new insight into this question by experimentally
manipulating the availability of cognitive resources, adding information about the social status
of the Proposer, and measuring the relative social distance between Proposer and Responder.

First, we found that cognitive load affected the likelihood of accepting unfair offers, but
only when Proposer status was high. Paradoxically, this effect was largely driven by a decrease
in acceptance rates when competing cognitive demands were low. Only 25% of participants
under no cognitive load accepted the unfair offer from the high-status Proposer, whereas
acceptance rates in the other groups ranged roughly around 40-50%, in line with previous esti-
mates from industrialized societies [5]. Notably, individuals accepted the unfair offer from the
low-status Proposer at similar rates regardless of load, ruling out a more general shift in
response bias due to limited cognitive resources. Moreover, these results were not explained
by an increased endorsement of social hierarchy under cognitive load, in contrast to [40].
Instead, lower acceptance rates for the unfair offer from a high-status partner appear to reflect
a deliberate strategy to prioritize social standing over short-term financial gain.

As with many studies of cognitive resource limitation, one question is whether our Load
and No Load manipulations differentially affected executive function. In particular, regions of
dorsolateral prefrontal cortex associated with cognitive regulation have also been implicated in
suppression of sensory responses to distracting, goal-irrelevant items [60-62]. Therefore, it is
possible that the No Load condition, in which the tones need to be ignored, may burden execu-
tive function to a similar extent as the Load condition, in which tones are counted. While this
possibility cannot be ruled out, we feel it is unlikely to account for the present data. Previous
research that compared tone-counting in a single- versus dual-task setting has shown that per-
formance decrements associated with multitasking interference depend on the extent to which
dual tasks rely on overlapping, as opposed to separate, cognitive resources [54]. Thus, when
auditory tone-counting was combined with a visual tracking task, counting performance was
unaffected. However, tone-counting performance worsened when combined with a
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concurrent 2-back paradigm, presumably due to the overlapping demands on working mem-
ory resources [54]. Notably, these effects were observed using a tone-counting paradigm in
which participants were instructed to only count high pitch tones while ignoring low pitch
tones, suggesting that ignoring irrelevant auditory tones need not tax cognitive resources per
se. Consistent with this idea, research in the domain of selective visual attention suggests that
the distracting effect of secondary auditory input is greater when it must be actively encoded
and maintained than when it is ignored [63].

Nonetheless, our inferences regarding the effect of the load manipulation would be
strengthened by having additional independent measures of self-reported executive function.
Although the Load group showed a significant decrease in subjective effortful control on the
ATQ-EQ, relative to the No Load group, it should be noted that the ATQ is typically employed
to measure stable temperament traits rather than state effects. Therefore, interpretability of
this measure would have been bolstered by the inclusion of a baseline ATQ administration
prior to the experiment in order to more directly distinguish the effects of load manipulation
versus pre-existing group differences. The omission of such a baseline measure is a limitation
of the current design. However, we failed to find a significant main effect of load group in any
specification of the model, suggesting that variation in executive function between groups can-
not fully account for the differential effects of cognitive load on acceptance rates.

Second, we found a significant interaction of Proposer status and relative social distance.
Critically, participants with high self-reported subjective social status were more likely to
accept the unfair offer regardless of relative social distance from the Proposer, whereas low-sta-
tus Responders showed the opposite pattern. These results are inconsistent with a general
effect of in-group favoritism [35] or enforcement of intragroup reciprocity norms [36]. Rather,
low-status Responders may be particularly sensitive to disadvantageous inequality, leading to
lower acceptance rates for unfair offers regardless of the source [33]. Likewise, although the
high-status Responders appear to demonstrate greater tolerance of in-group non-reciproca-
tion from a high-status Proposer [35], in-group favoritism cannot account for the high accep-
tance rates for offers from the low-status Proposer. One possible alternative is the idea of
noblesse oblige, that high-status individuals may be more willing to accept non-reciprocation
from individuals of lower social rank [34]. However, it is worth noting that more individuals
in our sample self-reported high subjective status, so these results must be interpreted with
care. Future research examining the role of social distance in the Ultimatum Game should use
larger, more heterogeneous samples with greater variation in age, household income, ethnicity,
and education.

Additionally, future studies could exogenously manipulate participant status in the labora-
tory, for example by endowing one participant with a greater amount of money (e.g., [33]).
However, it is important to note that artificial status distinctions can alter expectations about
whether reciprocity is appropriate. For example, when Proposers are told that, based on their
performance on another task, they have “earned” the right to allocate resources in the Ultima-
tum Game, they tend to make lower offers without an appreciable decrease in Responder
acceptance rates [64]. This shift may explain the difference between our findings and previous
Ultimatum Game studies manipulating status in the laboratory [38, 65], which have reported
increased acceptance rates for unfair offers when social status is low. Because these studies
manipulated status through competitive tasks, participants may have internalized expectations
regarding their right to the resources allocated in the Ultimatum Game. In contrast, our exper-
imental design utilized real-world measures of social status, allowing us to tap into partici-
pants’ lifelong experience of social context.

More generally, our results suggest that cognitive regulation orchestrates the Responder’s
response to unfair allocations by altering the relative weighting of financial and social
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outcomes. Thus, the social context of the Ultimatum Game may differentially influence
whether cooperative or selfish behavior is the “intuitive” response to non-reciprocation [8].
When Proposer status is low, acceptance behavior does not depend on availability of cognitive
resources, consistent with the idea that status concerns are less pronounced in this condition.
In contrast, a similar acceptance rate from the high-status Proposer is seen only under cogni-
tive load, reflecting the heightened salience of the trade-off between financial gain and social
status in this interaction. Similar to previous findings linking disruption of cognitive regula-
tion systems to increased acceptance of unfair offers [27, 28], our results suggest that caution
may be warranted when making inferences about acceptance of unfair offers in terms of a
deliberative override of automatic rejection behavior [e.g., 10, 12, 13].

Instead, changes to the Ultimatum Game set-up may shift the salience of financial and
social outcomes, altering the effects of cognitive demand. For example, when the financial
stakes at play are raised, increasing the temptation of short-term economic gain, Responders
generally show higher acceptance rates for unfair offers [66-68]. In this case, as in the low-sta-
tus Proposer condition, we may expect that participants would show less effect of cognitive
load. On the other hand, heightened conflict between financial reward and social standing
could potentially place a ceiling on selfish behavior, explaining persistent observations of fair-
ness considerations even at extremely high (though hypothetical) stakes [69]. Concerns about
disadvantageous inequality might cause low-status Responders to reject even relatively large
resource allocations from high-status Proposers if they reflect a smaller share of the pie (cf.
“hyper-fairness”, [5, 30]). Further research should investigate the interaction of social distance
and financial stakes in Ultimatum Game acceptance behavior, and how these effects are mod-
erated by cognitive demand.

The robustness of rejection behavior (i.e., lower acceptance rates for unfair offers) in the
anonymous one-shot Ultimatum Game is often cited as an example of the power and perva-
siveness of inequality aversion [4, 70]. However, our data suggest that paradigms which with-
hold information about the other players may affect participants’ strategic considerations,
increasing uncertainty about the trade-off between reaping economic gains and asserting
social status. Although weighing social status concerns does not always require executive con-
trol, as seen in the low-status Proposer condition, the extent to which executive control is
needed may vary depending on the salience of social status. In the case of the anonymous one-
shot Ultimatum Game, participants are usually instructed that they are playing other people
like themselves. In this case, the salience of social status becomes an endogenous variable,
highlighting the role of people’s perceptions of their own relative social status in acceptance
behavior for unfair offers. Therefore, our data potentially provide a clue as to why there is such
variability in the effects of status and cognitive regulation across the literature [8]. Future
research should further examine how individual perceptions of social status affect Ultimatum
Game decisions, perhaps in combination with metrics of physiological arousal and attention
(e.g., eye-tracking).

In conclusion, we examined the influence of cognitive load, Proposer social status, and rela-
tive social distance on Responder behavior in the Ultimatum Game. Limiting cognitive
resources through load increased the likelihood of accepting unfair offers from a high-status
Proposer relative to no load, consistent with the idea that cognitive regulation is necessary to
resolve the conflict between social status concerns and economic self-interest. In contrast, no
effect of load was observed in interactions with a low-status Proposer. At the same time, we
observed an interaction between Proposer status and relative social distance, with individuals
high in self-reported status being more likely to accept the offer from both low- and high-sta-
tus Proposers, and low-status individuals showing the opposite effect. Further research
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manipulating Proposer and Responder status along with cognitive demands will shed further
light on when and why unfair offers are accepted.

Supporting information

S1 File. File containing experimental data set.
(CSV)

Author Contributions

Conceptualization: Livia Hughson, Stacey N. Doan, Eric Hughson, Catherine L. Reed.
Data curation: Aleena Young, Livia Hughson, Danielle Green.

Formal analysis: Alison Harris, Stacey N. Doan, Eric Hughson.

Investigation: Alison Harris, Aleena Young, Livia Hughson, Danielle Green, Eric Hughson.
Methodology: Danielle Green, Catherine L. Reed.

Project administration: Aleena Young, Danielle Green.

Resources: Catherine L. Reed.

Software: Danielle Green, Catherine L. Reed.

Supervision: Alison Harris, Catherine L. Reed.

Visualization: Alison Harris.

Writing - original draft: Alison Harris.

Writing - review & editing: Alison Harris, Aleena Young, Stacey N. Doan, Eric Hughson,
Catherine L. Reed.

References

1. Rabin M. Incorporating fairness into game theory and economics. The American economic review.
1993:1281-302.

2. FehrE, Schmidt KM. A theory of fairness, competition, and cooperation. The quarterly journal of eco-
nomics. 1999; 114(3):817-68.

3. Bolton GE, Ockenfels A. ERC: A theory of equity, reciprocity, and competition. American economic
review. 2000; 90(1):166-93.

4. Camerer CF. Behavioral game theory: Experiments in strategic interaction: Princeton University Press;
2003.

5. Henrich J. In Search of Homo Economicus: Behavioral Experiments in 15 Small-Scale Societies. Ameri-
can Economic Review. 2001; 91(2):73-8. http://www.aeaweb.org/aer/. Partial authors List.

6. Nowak MA, Page KM, Sigmund K. Fairness versus reason in the ultimatum game. Science. 2000;
289(5485):1773-5. https://doi.org/10.1126/science.289.5485.1773 PMID: 10976075

7. Kagel JH, Kim C, Moser D. Fairness in ultimatum games with asymmetric information and asymmetric
payoffs. Games and Economic Behavior. 1996; 13(1):100—10.

8. Hallsson BG, Siebner HR, Hulme OJ. Fairness, fast and slow: A review of dual process models of fair-
ness. Neurosci Biobehav Rev. 2018; 89:49-60. Epub 2018/02/28. https://doi.org/10.1016/j.neubiorev.
2018.02.016 PMID: 29486224.

9. Sanfey AG, Loewenstein G, McClure SM, Cohen JD. Neuroeconomics: cross-currents in research on
decision-making. Trends in cognitive sciences. 2006; 10(3):108—16. https://doi.org/10.1016/j.tics.2006.
01.009 PMID: 16469524

10. Sanfey AG, Rilling JK, Aronson JA, Nystrom LE, Cohen JD. The neural basis of economic decision-
making in the Ultimatum Game. Science. 2003; 300(5626):1755—8. Epub 2003/06/14. https://doi.org/
10.1126/science.1082976 PMID: 12805551.

PLOS ONE | https://doi.org/10.1371/journal.pone.0227717  January 9, 2020 15/18


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0227717.s001
http://www.aeaweb.org/aer/
https://doi.org/10.1126/science.289.5485.1773
http://www.ncbi.nlm.nih.gov/pubmed/10976075
https://doi.org/10.1016/j.neubiorev.2018.02.016
https://doi.org/10.1016/j.neubiorev.2018.02.016
http://www.ncbi.nlm.nih.gov/pubmed/29486224
https://doi.org/10.1016/j.tics.2006.01.009
https://doi.org/10.1016/j.tics.2006.01.009
http://www.ncbi.nlm.nih.gov/pubmed/16469524
https://doi.org/10.1126/science.1082976
https://doi.org/10.1126/science.1082976
http://www.ncbi.nlm.nih.gov/pubmed/12805551
https://doi.org/10.1371/journal.pone.0227717

@ PLOS|ONE

Social status and cognitive load in the Ultimatum Game

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Kirk U, Downar J, Montague PR. Interoception drives increased rational decision-making in meditators
playing the ultimatum game. Front Neurosci. 2011; 5:49. Epub 2011/05/12. https://doi.org/10.3389/
fnins.2011.00049 PMID: 21559066.

De Neys W, Novitskiy N, Geeraerts L, Ramautar J, Wagemans J. Cognitive control and individual differ-
ences in economic ultimatum decision-making. PloS one. 2011; 6(11):e27107. https://doi.org/10.1371/
journal.pone.0027107 PMID: 22096522

Calvillo DP, Burgeno JN. Cognitive reflection predicts the acceptance of unfair ultimatum game offers.
Judgment & Decision Making. 2015; 10(4).

Rand DG. Cooperation, fast and slow: Meta-analytic evidence for a theory of social heuristics and self-
interested deliberation. Psychological science. 2016; 27(9):1192-2086. https://doi.org/10.1177/
0956797616654455 PMID: 27422875

Cappelletti D, Guth W, Ploner M. Being of two minds: an ultimatum experiment investigating affective
processes. Jena economic research papers, 2008.

Achtziger A, Al6s-Ferrer C, Wagner AK. The impact of self-control depletion on social preferences in
the ultimatum game. Journal of Economic Psychology. 2016; 53:1-16.

Halali E, Bereby-Meyer Y, Meiran N. Between self-interest and reciprocity: the social bright side of self-
control failure. J Exp Psychol Gen. 2014; 143(2):745-54. Epub 2013/07/31. https://doi.org/10.1037/
20033824 PMID: 23895346.

Achtziger A, Alds-Ferrer C, Wagner AK. Social preferences and self-control. Journal of Behavioral and
Experimental Economics. 2018; 74:161-6. https://doi.org/10.1016/j.socec.2018.04.009.

Krajbich I, Bartling B, Hare T, Fehr E. Rethinking fast and slow based on a critique of reaction-time
reverse inference. Nat Commun. 2015; 6:7455. https://doi.org/10.1038/ncomms8455 PMID:
26135809.

Hare TA, Camerer CF, Rangel A. Self-control in decision-making involves modulation of the vmPFC val-
uation system. Science. 2009; 324(5927):646—8. Epub 2009/05/02. https://doi.org/10.1126/science.
1168450 PMID: 19407204.

Harris A, Hare T, Rangel A. Temporally dissociable mechanisms of self-control: early attentional
filtering versus late value modulation. J Neurosci. 2013; 33(48):18917-31. https://doi.org/10.1523/
JNEUROSCI.5816-12.2013 PMID: 24285897.

Figner B, Knoch D, Johnson EJ, Krosch AR, Lisanby SH, Fehr E, et al. Lateral prefrontal cortex and
self-control in intertemporal choice. Nat Neurosci. 2010; 13(5):538-9. https://doi.org/10.1038/nn.2516
PMID: 20348919.

Luo S, Ainslie G, Pollini D, Giragosian L, Monterosso JR. Moderators of the association between brain
activation and farsighted choice. Neuroimage. 2012; 59(2):1469—77. Epub 2011/08/23. https://doi.org/
10.1016/j.neuroimage.2011.08.004 PMID: 21856429.

Hare TA, Hakimi S, Rangel A. Activity in dIPFC and its effective connectivity to vmPFC are associated
with temporal discounting. Front Neurosci. 2014; 8:50. Epub 2014/03/29. https://doi.org/10.3389/fnins.
2014.00050 PMID: 24672421

Tusche A, Hutcherson CA. Cognitive regulation alters social and dietary choice by changing attribute
representations in domain-general and domain-specific brain circuits. eLife. 2018; 7:€31185. hitps://doi.
org/10.7554/eLife.31185 PMID: 29813018

Liberman N, Trope Y. The psychology of transcending the here and now. Science. 2008; 322
(5905):1201-5. Epub 2008/11/22. https://doi.org/10.1126/science.1161958 PMID: 19023074.

Knoch D, Pascual-Leone A, Meyer K, Treyer V, Fehr E. Diminishing reciprocal fairness by disrupting
the right prefrontal cortex. Science. 2006; 314(5800):829-32. Epub 2006/10/07. https://doi.org/10.
1126/science.1129156 PMID: 17023614.

Baumgartner T, Knoch D, Hotz P, Eisenegger C, Fehr E. Dorsolateral and ventromedial prefrontal cor-
tex orchestrate normative choice. Nat Neurosci. 2011; 14(11):1468—74. https://doi.org/10.1038/nn.
2933 PMID: 21964488.

Camerer CF, Thaler RH. Anomalies: Ultimatums, dictators and manners. Journal of Economic perspec-
tives. 1995; 9(2):209-19.

Bahry DL, Wilson RK. Confusion or fairness in the field? Rejections in the ultimatum game under the
strategy method. Journal of Economic Behavior & Organization. 2006; 60(1):37-54.

Yamagishi T, Horita Y, Mifune N, Hashimoto H, Li Y, Shinada M, et al. Rejection of unfair offers in the
ultimatum game is no evidence of strong reciprocity. Proceedings of the National Academy of Sciences.
2012; 109(50):20364-8.

Loewenstein GF, Bazerman MH, Thompson L. Social Utility and Decision-Making in Interpersonal Con-
texts. Journal of Personality and Social Psychology. 1989; 57(3):426—41.

PLOS ONE | https://doi.org/10.1371/journal.pone.0227717  January 9, 2020 16/18


https://doi.org/10.3389/fnins.2011.00049
https://doi.org/10.3389/fnins.2011.00049
http://www.ncbi.nlm.nih.gov/pubmed/21559066
https://doi.org/10.1371/journal.pone.0027107
https://doi.org/10.1371/journal.pone.0027107
http://www.ncbi.nlm.nih.gov/pubmed/22096522
https://doi.org/10.1177/0956797616654455
https://doi.org/10.1177/0956797616654455
http://www.ncbi.nlm.nih.gov/pubmed/27422875
https://doi.org/10.1037/a0033824
https://doi.org/10.1037/a0033824
http://www.ncbi.nlm.nih.gov/pubmed/23895346
https://doi.org/10.1016/j.socec.2018.04.009
https://doi.org/10.1038/ncomms8455
http://www.ncbi.nlm.nih.gov/pubmed/26135809
https://doi.org/10.1126/science.1168450
https://doi.org/10.1126/science.1168450
http://www.ncbi.nlm.nih.gov/pubmed/19407204
https://doi.org/10.1523/JNEUROSCI.5816-12.2013
https://doi.org/10.1523/JNEUROSCI.5816-12.2013
http://www.ncbi.nlm.nih.gov/pubmed/24285897
https://doi.org/10.1038/nn.2516
http://www.ncbi.nlm.nih.gov/pubmed/20348919
https://doi.org/10.1016/j.neuroimage.2011.08.004
https://doi.org/10.1016/j.neuroimage.2011.08.004
http://www.ncbi.nlm.nih.gov/pubmed/21856429
https://doi.org/10.3389/fnins.2014.00050
https://doi.org/10.3389/fnins.2014.00050
http://www.ncbi.nlm.nih.gov/pubmed/24672421
https://doi.org/10.7554/eLife.31185
https://doi.org/10.7554/eLife.31185
http://www.ncbi.nlm.nih.gov/pubmed/29813018
https://doi.org/10.1126/science.1161958
http://www.ncbi.nlm.nih.gov/pubmed/19023074
https://doi.org/10.1126/science.1129156
https://doi.org/10.1126/science.1129156
http://www.ncbi.nlm.nih.gov/pubmed/17023614
https://doi.org/10.1038/nn.2933
https://doi.org/10.1038/nn.2933
http://www.ncbi.nlm.nih.gov/pubmed/21964488
https://doi.org/10.1371/journal.pone.0227717

@ PLOS|ONE

Social status and cognitive load in the Ultimatum Game

33.

34.

35.

36.

37.

38.

39.

40.

M,

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Tricomi E, Rangel A, Camerer CF, O’'Doherty JP. Neural evidence for inequality-averse social prefer-
ences. Nature. 2010; 463(7284):1089-91. Epub 2010/02/26. https://doi.org/10.1038/nature08785
PMID: 20182511.

Fiddick L, Cummins D. Are perceptions of fairness relationship-specific? The case of noblesse oblige.
The Quarterly Journal of Experimental Psychology. 2007; 60(1):16—31. https://doi.org/10.1080/
17470210600577266 PMID: 17162505

Valenzuela A, Srivastava J. Role of information asymmetry and situational salience in reducing inter-
group bias: the case of ultimatum games. Pers Soc Psychol Bull. 2012; 38(12):1671-83. Epub 2012/09/
08. https://doi.org/10.1177/0146167212458327 PMID: 22956295.

Mendoza SA, Lane SP, Amodio DM. For members only: Ingroup punishment of fairness norm violations
in the ultimatum game. Social Psychological and Personality Science. 2014; 5(6):662—70.

Wu'Y, Zhou Y, van Dijk E, Leliveld MC, Zhou X. Social comparison affects brain responses to fairness
in asset division: An ERP study with the ultimatum game. Frontiers in Human Neuroscience. 2011; 5.

Hu J, Cao'Y, Blue PR, Zhou X. Low social status decreases the neural salience of unfairness. Front
Behav Neurosci. 2014; 8:402. Epub 2014/12/06. https://doi.org/10.3389/fnbeh.2014.00402 PMID:
25477798.

Skitka LJ, Mullen E, Giriffin T, Hutchinson S, Chamberlin B. Dispositions, scripts, or motivated correc-
tion? Understanding ideological differences in explanations for social problems. Journal of personality
and social psychology. 2002; 83(2):470. https://doi.org/10.1037/0022-3514.83.2.470 PMID: 12150241

Van Berkel L, Crandall CS, Eidelman S, Blanchar JC. Hierarchy, dominance, and deliberation: Egalitar-
ian values require mental effort. Personality and Social Psychology Bulletin. 2015; 41(9):1207-22.
https://doi.org/10.1177/0146167215591961 PMID: 26133375

Adler NE, Epel ES, Castellazzo G, Ickovics JR. Relationship of subjective and objective social status
with psychological and physiological functioning: Preliminary data in healthy, White women. Health Psy-
chology. 2000; 19(6):586—-92. https://doi.org/10.1037//0278-6133.19.6.586 PMID: 11129362

Cundiff JM, Smith TW, Uchino BN, Berg CA. Subjective social status: Construct validity and associa-
tions with psychosocial vulnerability and self-rated health. International Journal of Behavioral Medicine.
2013; 20(1):148-58. https://doi.org/10.1007/s12529-011-9206-1 PMID: 22200973

Operario D, Adler NE, Williams DR. Subjective social status: Reliability and predictive utility for global
health. Psychology & Health. 2004; 19(2):237—46.

Schwartz SH. Universals in the content and structure of values: Theoretical advances and empirical
tests in 20 countries. In: Zanna MP, editor. Advances in experimental social psychology, Vol 25. San
Diego, CA: Academic Press; 1992. p. 1-65.

Graham J, Haidt J, Nosek BA. Liberals and conservatives rely on different sets of moral foundations.
Journal of Personality and Social Psychology. 2009; 96(5):1029—46. https://doi.org/10.1037/a0015141
PMID: 19379034

Ho AK, Sidanius J, Kteily N, Sheehy-Skeffington J, Pratto F, Henkel KE, et al. The nature of social domi-
nance orientation: Theorizing and measuring preferences for intergroup inequality using the new SDO-
scale. Journal of Personality and Social Psychology. 2015; 109(6):1003-28. https://doi.org/10.1037/
pspi0000033 supp (Supplemental). PMID: 26479362

Rohan MJ. A rose by any name? The values construct. Personality and Social Psychology Review.
2000; 4(3):255-77.

Lindeman M, Verkasalo M. Measuring Values With the Short Schwartz’s Value Survey. Journal of Per-
sonality Assessment. 2005; 85(2):170-8. https://doi.org/10.1207/s15327752jpa8502_09 PMID:
16171417

Evans DE, Rothbart MK. Developing a model for adult temperament. Journal of Research in Personal-
ity. 2007; 41(4):868-88.

Kanske P, Kotz SA. Effortful control, depression, and anxiety correlate with the influence of emotion on
executive attentional control. Biological Psychology. 2012; 91(1):88-95. https://doi.org/10.1016/j.
biopsycho.2012.04.007 PMID: 22564476

Bridgett DJ, Oddi KB, Laake LM, Murdock KW, Bachmann MN. Integrating and differentiating aspects
of self-regulation: Effortful control, executive functioning, and links to negative affectivity. Emotion.
2013; 13(1):47-63. https://doi.org/10.1037/a0029536 PMID: 22906086

Posner MI, Rothbart MK, Vizueta N, Levy KN, Evans DE, Thomas KM, et al. Attentional mechanisms of
borderline personality disorder. Proc Natl Acad Sci U S A. 2002; 99(25):16366—70. Epub 2002/11/29.
https://doi.org/10.1073/pnas.252644699 PMID: 12456876.

Gomez R, Kyriakides C, Devlin E. Attention-Deficit/Hyperactivity Disorder symptoms in an adult sam-
ple: Associations with Rothbart’s temperament dimensions. Personality and Individual Differences.
2014; 60:73-8.

PLOS ONE | https://doi.org/10.1371/journal.pone.0227717  January 9, 2020 17/18


https://doi.org/10.1038/nature08785
http://www.ncbi.nlm.nih.gov/pubmed/20182511
https://doi.org/10.1080/17470210600577266
https://doi.org/10.1080/17470210600577266
http://www.ncbi.nlm.nih.gov/pubmed/17162505
https://doi.org/10.1177/0146167212458327
http://www.ncbi.nlm.nih.gov/pubmed/22956295
https://doi.org/10.3389/fnbeh.2014.00402
http://www.ncbi.nlm.nih.gov/pubmed/25477798
https://doi.org/10.1037/0022-3514.83.2.470
http://www.ncbi.nlm.nih.gov/pubmed/12150241
https://doi.org/10.1177/0146167215591961
http://www.ncbi.nlm.nih.gov/pubmed/26133375
https://doi.org/10.1037//0278-6133.19.6.586
http://www.ncbi.nlm.nih.gov/pubmed/11129362
https://doi.org/10.1007/s12529-011-9206-1
http://www.ncbi.nlm.nih.gov/pubmed/22200973
https://doi.org/10.1037/a0015141
http://www.ncbi.nlm.nih.gov/pubmed/19379034
https://doi.org/10.1037/pspi0000033
https://doi.org/10.1037/pspi0000033
http://www.ncbi.nlm.nih.gov/pubmed/26479362
https://doi.org/10.1207/s15327752jpa8502_09
http://www.ncbi.nlm.nih.gov/pubmed/16171417
https://doi.org/10.1016/j.biopsycho.2012.04.007
https://doi.org/10.1016/j.biopsycho.2012.04.007
http://www.ncbi.nlm.nih.gov/pubmed/22564476
https://doi.org/10.1037/a0029536
http://www.ncbi.nlm.nih.gov/pubmed/22906086
https://doi.org/10.1073/pnas.252644699
http://www.ncbi.nlm.nih.gov/pubmed/12456876
https://doi.org/10.1371/journal.pone.0227717

@ PLOS|ONE

Social status and cognitive load in the Ultimatum Game

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Nijboer M, Borst J, van Rijn H, Taatgen N. Single-task fMRI overlap predicts concurrent multitasking
interference. Neuroimage. 2014; 100:60—-74. Epub 2014/06/10. https://doi.org/10.1016/j.neuroimage.
2014.05.082 PMID: 24911376.

Peirce JW. PsychoPy—Psychophysics software in Python. J Neurosci Methods. 2007; 162(1-2):8-13.
Epub 2007/01/27. https://doi.org/10.1016/j.jneumeth.2006.11.017 PMID: 17254636.

Peirce JW. Generating Stimuli for Neuroscience Using PsychoPy. Front Neuroinform. 2008; 2:10. Epub
2009/02/10. https://doi.org/10.3389/neuro.11.010.2008 PMID: 19198666.

Solnick SJ. Gender Differences in the Ultimatum Game. Economic Inquiry. 2001; 39(2):189-200. http://
onlinelibrary.wiley.com/journal/10.1111/%28ISSN%291465-7295/issues.

Xiang T, Lohrenz T, Montague PR. Computational substrates of norms and their violations during
social exchange. J Neurosci. 2013; 33(3):1099—-108a. Epub 2013/01/18. https://doi.org/10.1523/
JNEUROSCI.1642-12.2013 PMID: 23325247.

Hurvich CM, Tsai C-L. Regression and time series model selection in small samples. Biometrika. 1989;
76(2):297-307.

Kastner S, Ungerleider LG. The neural basis of biased competition in human visual cortex. Neuropsy-
chologia. 2001; 39(12):1263-76. Epub 2001/09/22. https://doi.org/10.1016/s0028-3932(01)00116-6
PMID: 11566310.

Buschman TJ, Miller EK. Top-down versus bottom-up control of attention in the prefrontal and posterior
parietal cortices. Science. 2007; 315(5820):1860—2. Epub 2007/03/31. https://doi.org/10.1126/science.
1138071 PMID: 17395832.

Lennert T, Martinez-Truijillo J. Strength of response suppression to distracter stimuli determines atten-
tional-filtering performance in primate prefrontal neurons. Neuron. 2011; 70(1):141-52. Epub 2011/04/
13. https://doi.org/10.1016/j.neuron.2011.02.041 PMID: 21482363.

Gherri E, Eimer M. Active listening impairs visual perception and selectivity: an ERP study of auditory
dual-task costs on visual attention. J Cogn Neurosci. 2011; 23(4):832—44. Epub 2010/05/15. https://doi.
org/10.1162/jocn.2010.21468 PMID: 20465407 .

Hoffman E, McCabe K, Shachat K, Smith V. Preferences, property rights, and anonymity in bargaining
games. Games and Economic behavior. 1994; 7(3):346-80.

Blue PR, Hu J, Wang X, van Dijk E, Zhou X. When do low status individuals accept less? The interaction
between self-and other-status during resource distribution. Frontiers in psychology. 2016; 7:1667.
https://doi.org/10.3389/fpsyg.2016.01667 PMID: 27826282

Slonim R, Roth AE. Learning in High Stakes Ultimatum Games: An Experiment in the Slovak Republic.
Econometrica. 1998; 66(3):569-96.

Cameron LA. Raising the stakes in the ultimatum game: Experimental evidence from Indonesia. Eco-
nomic Inquiry. 1999; 37(1):47-59.

Oosterbeek H, Sloof R, Van De Kuilen G. Cultural differences in ultimatum game experiments: Evi-
dence from a meta-analysis. Experimental economics. 2004; 7(2):171-88.

Novakova J, Flegr J. How much is our fairness worth? The effect of raising stakes on offers by propos-
ers and minimum acceptable offers in dictator and ultimatum games. PloS one. 2013; 8(4):e60966.
https://doi.org/10.1371/journal.pone.0060966 PMID: 23580080

Engelmann D, Strobel M. Inequality Aversion, Efficiency, and Maximin Preferences in Simple Distribu-
tion Experiments. American Economic Review. 2004; 94(4):857-69. http://www.aeaweb.org/aer/.

PLOS ONE | https://doi.org/10.1371/journal.pone.0227717  January 9, 2020 18/18


https://doi.org/10.1016/j.neuroimage.2014.05.082
https://doi.org/10.1016/j.neuroimage.2014.05.082
http://www.ncbi.nlm.nih.gov/pubmed/24911376
https://doi.org/10.1016/j.jneumeth.2006.11.017
http://www.ncbi.nlm.nih.gov/pubmed/17254636
https://doi.org/10.3389/neuro.11.010.2008
http://www.ncbi.nlm.nih.gov/pubmed/19198666
http://onlinelibrary.wiley.com/journal/10.1111/%28ISSN%291465-7295/issues
http://onlinelibrary.wiley.com/journal/10.1111/%28ISSN%291465-7295/issues
https://doi.org/10.1523/JNEUROSCI.1642-12.2013
https://doi.org/10.1523/JNEUROSCI.1642-12.2013
http://www.ncbi.nlm.nih.gov/pubmed/23325247
https://doi.org/10.1016/s0028-3932(01)00116-6
http://www.ncbi.nlm.nih.gov/pubmed/11566310
https://doi.org/10.1126/science.1138071
https://doi.org/10.1126/science.1138071
http://www.ncbi.nlm.nih.gov/pubmed/17395832
https://doi.org/10.1016/j.neuron.2011.02.041
http://www.ncbi.nlm.nih.gov/pubmed/21482363
https://doi.org/10.1162/jocn.2010.21468
https://doi.org/10.1162/jocn.2010.21468
http://www.ncbi.nlm.nih.gov/pubmed/20465407
https://doi.org/10.3389/fpsyg.2016.01667
http://www.ncbi.nlm.nih.gov/pubmed/27826282
https://doi.org/10.1371/journal.pone.0060966
http://www.ncbi.nlm.nih.gov/pubmed/23580080
http://www.aeaweb.org/aer/
https://doi.org/10.1371/journal.pone.0227717

