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Abstract

Default options are an increasingly common tool dus®y organizations, managers, and
policymakers to guide individuals’ behavior. We wered whether the known preference for
default options could constitute a nudge to achiev@e equitable or more efficient results.
Combining with event-related potentials, we fouhdttboth the default option and distributive
justice contributed significantly to decision-madinThe N200s and P300s were extracted using
the tensor decomposition, which showed superigmitierms of capturing multi-domain features.
The results demonstrated that greater brain actegisociated with conflict monitoring was
elicited in the trade-off between equity and efficdy when the default could not represent a
socially desirable action. Besides, participantsclied more motivational/affective significance to
equitable defaults than inequitable but maybe iefiicdefault options. Further, individuals with
larger neural response differences between eqeitail inequitable defaults appeared to be more
inequity aversion in behavior. These findings offenovel perspective on the role of default
effects on distributive justice, while contributirig both organizational policy and practice by

using the default to improve social welfare.

Keywords: Nudge; default effect; equity; efficiency; disuiive justice; tensor decomposition



1. Introduction

The big trade-off between equity and efficiencynisscapable. Just as Boulding (1962) put it, we
face the dilemma that if everyone gets his desedsie may be driven from the table; and if
everyone comes to the table, some may not get desierts. The trade-off between equity and
efficiency is the central tension in theories aftdbutive justice (Hsu et al., 2008). If both egui
and efficiency are valued, and neither takes absgriority over the other, then, in places where
they conflict, compromises ought to be struck (Qki@75). In such cases, some equity will be
sacrificed for the sake of efficiency, and somécihcy for the sake of equity. When people fail
to make good decisions under such conflict, isetlagry way to offer assists that are most likely to

help and least likely to inflict harm?

A nudge is any aspect of the choice architectumedhers people’s behavior in a predictable way
without forbidding any options or significantly aiging their economic incentives (Thaler &
Sunstein, 2003). In fact, individuals always maketty bad decisions which can be attributed to
their limited attention and cognitive ability, inoplete self-control, and the possession of
incomplete information. Because of this, Thaler &uhstein (2008) argued for self-conscious
efforts by institutions in the private sector arigloaby government to steer people’s choices in
directions that will improve their lives. At thersa time, the nudge has not lost its libertarian
aspect, which is reflected in the fact that pe@péefree to make choices, and all the choices are

not blocked, fenced off, or significantly burdened.

One prominent nudge is to make an endorsed optierdéfault choice. Policy makers or other
practitioners make increasing use of defaults bexathe defaults offer successful and
cost-effective ways of triggering behavior changéas been shown that default options exert an
influence in areas as varied as insurance choredisement program design, organ donation
policy (Choi et al.,, 2002; Camerer et al., 2003;dMan & Shea, 2001; Johnson & Goldstein,
2003). For example, the study on the impact of mat@ enrollment on 401(k) savings behavior
has found that participation is significantly highender automatic enrollment, and the default
contribution rate and default investment allocatiohosen by the company for automatic

enroliment has a strong influence on the savingsaer of 401(k) participants (Madrian & Shea,



2001). The preference for defaults can also beffantiwe tool in real-life social behavior. In the

case of donation, a small donation as defaultt®gulower donation amounts which is defined as
a “scale-back” effect, along with a “lower-bar” &t that more people donating when the small
amount is defaulted (Goswami & Urminsky). Similai@&artner et al. (2017) find that subjects are

more prone to choose the selfish option whenptésented as the default.

1.1 Causes of default effects

Why might default effects occur? Several mechanismith different ethical and practical
implications are thought to drive default (John&o@oldstein, 2003; Dinner et al., 2011; Smith et
al., 2013). The first is effort: choosing the ddfayptions requires no effort whereas changing the
defaults does, and people do not want the bothechainging to the non-default options
(Samuelson & Zeckhauser, 1988). Although efforypla role in decisions, default effects are also
found when no additional effort is required to shitfrom the default (Johnson & Goldstein,
2003), so effort does not completely explain defatfiects. Secondly, defaults may result from
cognitive bias: people may view the default asstia¢us quo, and giving it up will be perceived as
a loss. Under loss aversion, the impact of a Isggéater than the impact of an equivalent gain
achieved by changing to the non-default optionsh@iteman & Tversky, 1984). The third is
implied endorsement: evidence suggests that defaudt interpreted as being the recommended
options, or as being implicitly endorsed (McKengieal., 2006). Everett et al. (2015) further
propose that participants perceive a default opdi®rioeing the option that is both recommended
and the one that most people choose, and becalisilirals are motivated to follow social norms,

they are subsequently more likely to follow theaddtf option.

1.2 Neural perspective of default effects

Different forms of default bias can be exploreddifferent paradigms. In the gambling paradigm,
the study using functional magnetic resonance ina@fMRI) identifies the neural mechanisms

contributing to the default inertia, including antiaipatory somatic signal in the insula as a
potential mechanism for loss aversion and a vestradtal mechanism associated with default
selection encompassing the same area as seen mingyiimplying that selecting the default

might be rewarding in itself (Yu et al., 2010). thre go/no-go paradigm to reject or accept the



defaults, participants tend to favor the defaulteew making difficult, but not easy, decisions,
even if more errors will be made when acceptingaaks. And specific prefrontal-basal ganglia
dynamics are involved in rejecting the default, echranism that may be important in a range of

difficult choice scenarios (Fleming et al., 2010).

While previous behavioral researches have demdedtthat default effects can be explained, at
least in part, through an attempt to follow sociatms, little is known about the neural process
involved in the evaluation of defaults especiallyen the default options follow or violate social
norms. Event-related potentials (ERPs), one ofntwst informative and dynamic methods of
monitoring brain activity, are used here to expldre evaluation process of default options and
equitable choices in a distribution task. In costtr'o an ERP’s conventional feature which
exploits the ERP’s information in one or more damasequentially, the multi-domain feature of
the ERP extracted by tensor decomposition can ratheaproperties of the ERP in the time,
frequency, and spatial domains simultaneously (Gargy., 2012). Firstly, the major advantage of
multi-domain feature of an ERP is that it revelbs $trength of brain activity in terms of temporal,
frequency, and spatial domain properties simultaskp and therefore it is less affected by the
heterogeneousness of datasets (Cong et al., 2@t®y € al., 2015). Secondly, important effects
might be lost through the inadvertent selectiothef“wrong” time windows and/or electrodes in
the time-domain analysis or time-frequency analydiswever, the statistical results of
multi-domain feature are not affected by the chasee window and electrodes. In addition, the
tensor-based result was more discriminative tharsehderived from time-frequency analysis

(Zhang et al., 2020a).

1.3 Hypothesis development

The preference for defaults has been increasinggdyl o promote “good” causes by influencing
socially relevant decisions in desirable ways (G&hetal., 2019). For instance, a strong impact of
default was found in the domain of charitable givin a field experiment (Altmann et al., 2014)
and in promoting altruistic behavior and pro-soti@havior in laboratory experiments (Everett et
al.,, 2015; Ghesla et al., 2019). Such default &ffappear to have strong impacts on people’s

decision-making. It remains unknown, however, hbe defaults modulate the trade-off between



equity and efficiency, as well as the neural precesolved in the evaluation of defaults. To
address these questions directly, we conductednarybidistribution task to explore whether
utilizing a simple psychological phenomenon, thef@rence for defaults, could constitute such a
nudge to increase equitable or efficient behavidubjects had to choose which side could get the
donations, the side of two children or the siderd child. In each trial, one side was indicated by
a pre-selected box, which was referred to as tfeutteoption. Our treatments varied whether the
side of one child got more donations than the gwfugvo children, whether the two children got
equal distribution, and which side was set to tefadt option. We assumed that subjects would
be more likely to choose the two-child side whea two children got equal distributions than
unequal distributions. The advantageous efficiesfayne-child side would increase its probability
of being chosen. And the pre-selected side wouldnbee likely to be chosen. Concretely, the
equitable default would increase the equitable @hoand the efficient default would increase the
efficiency consideration.

Hypothesis 1. Default effects occur in the distributional codte The equitable default would

increase the equitable choice, and the efficiefgudewould increase the efficiency consideration.

Further, the ERP results may provide new insightis the evaluation process of default options
and the relationship between default and distveufistice. Two components of the ERP which
bear special importance to stimulus evaluationecdtisle attention, response inhibition and
conscious discrimination are the N200 negatively duwe P300 positively, appearing about 200 ms
and 300 ms post-stimulus, respectively (Patel & ahaz2005). N200 component is useful for
understanding the nature and sequence of cogmptiveesses, covers strategic monitoring and
control of motor response (Folstein & Petten, 2008 inhibition of a prepotent response elicits
larger N200s, which is critical to performance (8wan et al., 2003; Correll et al., 2006). In
addition, the P300, perhaps the most-studied ERRpooent, has also been observed in tasks
involving decision making or outcome evaluation g & Sanfey, 2004; Yeung et al., 2005; Wu
& Zhou, 2009). According to previous researches, RB00 is related to processes of attentional
allocation and/or high-level motivational/affectivevaluation, with more positive outcomes
eliciting larger P300s (Nieuwenhuis et al., 200BuiYg et al., 2005; Wu & Zhou, 2009; Wang et

al., 2017). We hypothesized that larger N200s wdddelicited by the default options that



violating distributive justice, while the defaulptions that fitting distributive justice would elic
larger P300s.
Hypothesis 2. Larger N200s would be elicited by the defaultiapd that violating distributive

justice, while the default options that fitting wiilsutive justice would elicit larger P300s.

2. Materials and methods

2.1 Subjects

Thirty-eight healthy Chinese volunteers (16 makZsfemales) were recruited from the university.
The mean age was 20.7 years (SD = 1.9, range M@ar). All subjects were right-handed
according to self-report, had normal or correctethal vision with no history of psychiatric or
neurological disorders, and were naive to the &udtent. Each subject signed written informed
consent forms prior to participation and receivegagment of 60 Chinese yuan (CNY, roughly
equal to US $8.6) for participation. All methodsrevearried out in accordance with the approved

protocol.

2.2 Stimuli and task

The participants performed a binary donation distiive task. In each trial, participants decided
which side could acquire the meals: the group @f ¢hildren or a single child, with the positions
of the two options counterbalanced on the left aght sides of the screen. Moreover, the total
meals of two children were always less than or etjughose of one child. We used efficiency
difference AM) to represent the quantitative differences in Isidsetween two sides\M = 3
denoted that the one-child side got three more srteéah the two-child side, for example, each in
the two-child side got 5 meals (10 totally), and arhild on the other side got 13 meals. In this
scenario, participants had to decide whether txate fewer meals to two children or more meals
to just one child, which involved a dilemma betweguity and efficiencyAM = 0 denoted that
two sides got equal meals, for example, each irtvloechild side got 5 meals, and one child on
the other side got 10 meals. There was no effigiatiiference in this situation, and participants
only needed to decide whether to allocate the icegmount of meals to two-child side or to
one-child side. And the meals of each child in ttwe-child group might be divided equally or

unequally. Unequally divided meant that one of ttve children got about 70% of the total



donations, for example, each one in the two-chdeé got 3 meals and 7 meals, respectively. The
default option might be the group of two childremaosingle child, which meant that the default
option might be an equitable option or an inequéabption. And the default options were
counterbalanced on the left and right sides of sobeeen. The experiment had a 2x2x2
within-participant factorial design (Figure 1A). &liirst factor referred to the equality within the
two-child side (equal vs. unequal). The secondfactferred to the efficiency difference between
two options AM = 0 vs.AM = 3). The third factor referred to the defaultiop (two-child side vs.
one-child side as the default option). In otherdgothe absolute difference in meals between the

two sides AM) could be 0 or 3 meals, which denoted the diffeeein the allocation efficiency.

2.3 Procedure

The Electroencephalography (EEG) recording wasopmedd in a small, sound-attenuated, and
electrically shielded room. After the EEG electradegere attached, the participants sat in a
comfortable chair approximately 100 cm from the pater screen. Before the task began,
participants were required to read a brief intrdidunc of a Children Welfare Centre in China,
followed by an instruction on how to make their idems. They were informed that a charity
planned to provide extra nutritious meals to cleifdm this Children Welfare, and the quantity of
meals for each child would be donated accordingh&r decisions. Participants were highly
emphasized that their choices would have a reahdinpn the gains of each child in the Children
Welfare. Figure 1B showed the timeline of a sirgl@. Each trial began with a presentation of a
single centrally located black fixation cross f@05ms. Then the distribution screen followed,
which showed children's photographs, two childrenooe side and one child on the other side
and the amounts of meals for each child were béeiv photographs. Participants were required
to make their decision by clicking the computer s®(left' or 'right’) in 5000 ms or waiting for
5000 ms to let the default option be automaticellgsen. The feedback screen with the amount of
donated meals for each child would subsequenttyfdasl 500 ms. Participants were instructed to

minimize eye movements to avoid excessive artifatiite performing the task.

The entire experiment was comprised of 400 teslstand two practice trials. Only the test trials

were used for EEG analysis. Due to the single oeoge of each child’s face, aggregately 1200



Chinese children’s faces were used in test trlalgach trial, the presentation of three same-sex
faces was matched for similar age, appearance,i@moéxpression intensity, and lighting
condition, to ensure that there were no confoultie. display of the stimuli and acquisition of
behavioral data were conducted by E-prime softwsegsion 2.0, Psychology Software Tools,

Inc.).

InsertFigure 1 Here

2.4 I nequity Aversion Model Estimation

To quantitatively characterize subjects’ choice dwibr, we used the inequity aversion model
introduced by Hsu et al. (2008). In this model,jsats weighed between equity and efficiency
linearly. Efficiency was measured by the total nemiof meals in the allocation. The Gini

coefficient was used to measure equity, which dated as the normalized mean differences

between every possible pair of outcomes in theibligton. The Gini coefficient was defined as

N Z?:1Z?:1|xi_xj|

G 2n Z?:lxi (l)
where n was the number of realizations. The ufflityction for subject i was
u;(X) = Xyxexx — a; - G(X), (2)

where X was a vector of allocations for the chitdrend the parametercaptured the weighting
placed upon inequity. For example, under the saeiiaat each in the two-child side got 5 meals
and the one-child side got 13 meals the vectomdlotations were denoted by, X (5, 5, 0) and
X2 = (0, 0, 13). The number of realizations n of b¥é{hand X was 3. Then the utility function of
subject i for allocation Xwould be y(X;) = 10 — 0.38;, and for allocation Xwould be (X5) =

13 — 0.64;. The probability of the subject choosing an altmra was given by the logit or
softmax formula,

-1

P(X, Xy a,1) = {1 + exp (—/I(u(Xl; a) —u(Xy; a)))} (3
The parametex was the sensitivity of choice probability to thdity difference or the amount of
randomness in the subject’s choices. Becauseawkeof data to accurately estimatendividually,

we set the parametér constrained to unity (the standard logit case)e Boundary of the

estimable parameter space was set to [0, 30] daartexperimental settings. Denoted the choice



of the subject in trial i by;ywhere y= 1 if subject chose the allocation,»and 0 otherwise. We

performed maximum likelihood estimation at the indisal level, with the log-likelihood function
Y1 yilog(P(Xy, Xz5 @, 1)) + (1 = y)log(1 — (P(Xy, X5 @, A)). (4

The Nelder-Mead simplex algorithm was used to fihé maximum. Ten random starting

positions were used and the iteration with the é#glikelihood value was chosen. The behavioral

data from the distribution task was used to esentla¢ value ofy; which captured the degree of

inequity aversion. Individuals with highernwvere considered more inequity averse.

2.5 Electroencephalography Acquisition and Data Analysis

The EEG signals were recorded using a 64-channglifen ANT Neuro EEGO mounted in a cap
using 10/20 montage. The GND electrode servedagthund electrode and CPz served as the
on-line reference. Electrode impedances were kelowb10 lQ with a sampling rate at 500 Hz

for off-line analysis.

Preprocessing of EEG data was performed with th€IEXB 14.1.1 tool (Delorme and Makeig,
2004), implemented in MATLAB 2016a. In addition5@ Hz notch infinite impulse response (lIR)
filter and a 0.1/30 Hz high-/low-pass IIR filter meeapplied respectively after the reference of
EEG signals were reset to the average of the kalateastoids (average signals of M1 and M2).
Independent component analysis (ICA) (Makeig et H96) was performed to remove eye
movement and blink artifacts, and the related I@Mmponents were manually selected. Epochs
were segmented from -200 to 1,000 ms around theeptation of distribution screen. Ocular and
other artifacts were rejected if their amplitudesez=ded £10QiV. This resulted in a rejection of
2.93% of the trials. In order to form a fourth-ardéensor including time, frequency,
channels/space, and subjects-stimuli/conditionsar@d ERP data was converted into the
time-frequency domain using complex Morlet ContinsioNavelet Transform (CMCWT) in a
1-30 Hz frequency window (Zhang et al., 2020b). t€efrequencyf() and bandwidthff) were
both optimally set to 1 to define the mother wawvéfhang et al. 2017; 2020a). The elements of
the high-order tensor were nonnegative. Nonneg&tamonical Polyadic decomposition (NCPD;
Hitchcock, 1927; Cong et al., 2015) was then appieextract R components from the high-order

tensor which revealed the properties of ttiemulti-domain feature. R, the number of extracted



components for each mode, could be determined dyditference of fit (DIFFIT, Cong et al.,
2015), and here we used R = 60. The component &lastad when its temporal, spectral, and
spatial components were consistent with these ctaistics of the components of interest, and

then its multi-domain feature mode was appliedatigical analysis (Zhang et al., 2020a).

Three-way repeated measures ANOVA (rmANOVA) wasdemted both for behavioral data and
feature mode, with equality in the two-child sidegiality: equal vs. unequal), efficiency
difference between two sides (efficieneyM = 0 vs.AM = 3) and the default option (default:
two-child side vs. one-child side) as within-subjictors. For all analyses, the valuepafere
corrected using the Greenhouse-Geisser correcti@nthe sphericity assumption was violated.
The level of significance was set @t= 0.05. The significant interaction was furtheralgmed
using post-hoc tests. Partial eta-squared was texpdo demonstrate the effect size of the

statistical results. Statistical analyses werequaréd using IBM SPSS statistics 22 software.

3. Reaults

3.1 Behavioral Data

Assignment to the side of two children was congidea relatively equitable choice. Figure 2A
showed the behavioral results of the percentagenaking relatively equitable choices both
actively (by clicking the mouse) and passively (biting the timer run down). The three-way
rmANOVA on the percentage of making relatively eaghie choice was used to explore the
default effects in distributive behavior in moreaike Hypothesis 1 stated that default effects occu
in the distributional contexts, and the relativelguitable default would increase the equitable
choice, while the efficient default would incredke efficiency consideration. A significant main
effect of default was found (F(1,37) = 10.3¢0= 0.003,11,)2 = 0.219), with the percentage of
making relatively equitable choice for two-childsias the default type (69.1%, SE = 2.9%) being
larger than percentage for one-child side as tHautteoption (62.2%, SE = 3.5%). The main
effect of efficiency was also significant (F(1,3¥)20.113,p < O.OOl,np2 = 0.352). Under
non-efficiency-difference conditiol\M = 0), the mean percentage of making relativelyitadple
choice was 77.5% (SE = 2.7%), which was signifigatérger than that under efficiency

difference conditionAM = 3) (53.7%, SE = 5.0%). Besides, the significaain effect of equality



was also found (F(1,37) = 14.980< O.OOl,np2 = 0.288). The mean proportion of choosing the
side of two children with equal meals (74.1%, SB.6%) was significantly larger than that when
the two children got uneven distribution (57.1%, SEB.3%). However, all the interactions were
not significant (all p > 0.1). The percentage ofking relatively equitable choice actively was

also analyzed using rmANOVA, which showed similasults of the main effects for efficiency

(F(1,37) = 19.973p < 0.001n, = 0.351), equality (F(1,37) = 14.966< 0.001,,” = 0.288) and

default (F(1,37) = 8.62% = 0.006,° = 0.189).

Besides, in order to see whether inactions variess allocation trade-offs with different
properties, we calculated the passively selectet (bg letting the timer run down). In total,
participants failed to make an active choice in0@c6of all choice occasions (91 out of 15,200
choices). The three-way rmANOVA on the percentafjeneking inactive choice revealed a
significant interaction between equality and effigy (F(1,37) =4.439 = O.O42,np2 = 0.107).
For AM = 3, the percentage of making inactive choiceeurtie condition of two children got
equal meals was slightly larger than under the itimmdof two children got unequal meals (0.7%

vs. 0.5%p = 0.071). No other significant main effects oengictions were found.

For the purpose of response time analyses, we deatltrials when subjects failed to make active
choices. Figure 2B showed the results of the meapanse time. The three-way rmANOVA on
response time revealed a significant main effecequality (F(1,37) =17.11% < 0.001,11,)2 =
0.316), with the mean response time for each indhilnl side getting equal distribution (1,346.2
ms, SE = 103.1) significantly shorter than gettimgeven distribution (1,486.435 ms, SE =
118.105). Besides, the interaction between equatityefficiency was significant (F(1,37) =8.247,
p= 0.007,11,)2 = 0.182). The mean response time for equal digidh in two-child side was
significantly shorter than unequal distribution endoth conditions oAM = 0 andAM = 3
(1,304.7 vs. 1495.1 ms; 1,387.7 vs. 1477.7 ms; poth0.01). When each in two-child side
getting equal distribution, the response time\bf = 3 was slightly longer thaaM = 0 (1,387.7
vs. 1,304.7 mgp = 0.052). Besides, the interaction between efiicyeand default was also found
to be significant (F(1,37) =4.89p,= O.O33,np2 = 0.117). Post-hoc test revealed thatAtt = O,

the mean response time of two-child group as defatlon was slightly shorter than one-child



side as default option (1,367.9 vs. 1,432.0 ms, 0.063). No other significant main effects or

interactions were found.

InsertFigure 2 Here

3.2 Electrophysiological Data

Hypothesis 2 stated that larger N200s would betedicby the default options that violating
distributive justice, while the default options tHating distributive justice would elicit larger
P300s. The determination of N200 and P300 fromettieacted multi-domain features was based
on the following criteria. Regarding the multi-damé&atures of N200, firstly, the desired one for
N200 may look like the waveform with a sole pegbjdally evoked 180 to 325 ms following the
presentation of a specific visual stimulus. And thesired waveform for P300 may appear
approximately 300 to 400 ms following stimulus mastion (Patel & Azzam, 2005). Secondly,
the desired spatial component should reveal ttierdiice topography in fronto-central region for
the N200 or in parietal region for the P300. L&lsg¢ desired spectral structure of an ERP may

possess its largest energy between 1 and 8 HzK&se al., 2000).

The 7th component was chosen (Figure 3) due téeitgporal, spectral and spatial properties
consistent with N200. The three-way rmANOVA revelale significant interaction between
equality and efficiency (F(1,37) = 4.656= 0.038,11,)2 = 0.112). The post-hoc test revealed that
for AM = 3, the magnitude of multi-domain feature wagéa for unequal distribution than equal
distribution in the two-child sidg(= 0.018). And for unequal distribution in two-chside AM =

3 was larger thannM = 0 (p = 0.035). A significant interaction between egtyakfficiency and
default (F(1,37) = 5.99% = 0.019,np2 = 0.139) was also found. Post-hoc test revealatftn the
two-child side with fewer donations as default optithe magnitude of feature was larger for
equal distribution than unequal distribution (p £X2). And for two children getting unequal
distribution as default option, the magnitude dftéee forAM = 3 was larger thanM = 0 (p =
0.014). For unequal distribution in two childrenttwfewer donations than one-child side, the
magnitude of feature was larger for the two-chiltesas default than the one-child side as default

(p = 0.015). No other significant main effects oenatctions were found.



InsertFigure 3 Here

Likewise, the 22nd component was selected for te step, which was consistent with the
properties of P300, see Figure 4. The three-wayN@¥A revealed a significant main effect for
default (F(1,37) = 7.20§ = 0.011,11,)2 = 0.163). The magnitude of the multi-domain featwas
larger for the two-child side as default than the-ghild side as default. No other significant main

effects or interactions were found.

InsertFigure 4 Here

3.3 Relationships between behavior and Electrophysiological Data

Behaviorally, the group inequity-aversion parameistimate was. = 12.13+1.28. Individual
inequity-aversion estimates showed substantialaitari, which further allowed us to use the
estimated individual inequity-aversion attitude as between-participant measure in the
electrophysiological data. This analysis revealedliable correlation (two-sided Spearman rank
correlation testp = 0.526,p = 0.001) between inequity-aversion parameter esésand the
difference magnitude of the 22nd multi-domain featbetween two default settings (Figure 5A).
That is, individuals with greater differences irurad response between two default settings would

in favor of one that was more equitable.

In addition, we assessed how the inequity avergaameter reflected in behavior on the default
options. The correlation between inequity aversind the percentage of choosing default options
(Figure 5B) revealed that subjects with higher uggaversion were more likely to choose the
two-child side when the two-child side was as teéadlt ( = 0.862,p < 0.000) and were less
likely to choose the one-child side when the ondcside was as the defaujt € -0.906,p <

0.000).

InsertFigure 5 Here




4. Discussion

How can the preference for defaults in choicesdeslas a nudge to achieve equity or efficiency?
In this study, we examined the default effectsisiributive decisions and investigated the neural
dynamics underlying the evaluation process of defasing the ERP technique. Through
behavioral analysis, we found that participantsemeiuctant to switch from a default option,
which could constitute a nudge in the distributiooantext. We further confirmed this via the
tensor decomposition results that the distribufivtice involving equity and efficiency made
significant contributions to the evaluation procesgefaults, which reflected in the multi-domain
features of N200 and P300. Besides, the betwegretubeasure indicated that individuals with
greater differences in neural response betweenaddgidefaults and inequitable defaults would in
favor of more equitable choices. These findings nfegve important implications for

understanding the default effects in distributieeidions.

Concerning the behavioral data, which side coutdlgedonation was determined by three factors
in our design, the default side, the equality withhe two-child side, and the efficiency
differences. The result that the default optionsenghosen more often was consistent with the
previous finding (Jachimowicz et al., 2019). Thecgatage of choosing the two-child side was
69.1% when it was the default option; whereasapged to 62.2% when the other side (one-child
side) was the default option. Besides, the distitibujustice involving equality within the
two-child side and the efficiency differences beswdwo competitive sides also had significant
effects on distributive results. Previous resedratl also found that although subjects exhibited
equity preferences, efficiency concerns were alsportant in distributional experiments
(Engelmann & Strobel, 2004). The mean percentagheofwo-child side being chosen was 74.1%
when the two children got equal distributions, whil dropped to 57.1% when the two children
got unequal distributions. The one-child side witlore donations significantly decreased the
mean percentage of relatively equitable choice$3a0%, compared to the condition of no

efficiency differences between two sides.

In most cases, subjects had a clear conceptidmeofitieal choice. However, under the condition

that the one-child side got more meals, subjectdete to make more inactive choices when the



distribution was equal than unequal in the twogtslde. Prior research demonstrated if the
advantages of both sides seemed to be equivaldrpenple found themselves in a dilemma, the
status quo would typically dominate (Lu & Xie, 2Q1&ubjects faced the sharp conflict between
equity and efficiency: one choice which could hglp children was more equitable, and the other
choice which the one child could get more donatiemunt was more efficient. It is hard for
subjects to make decisions under such conflict,thnd they were more willing to implement the

default allocations passively.

Complexity is an important factor affecting respmrigne, along with strength-of-preference,

stake size, and trial number (Moffatt, 2005; Krejbiet al., 2015). The situation of each in the
two-child side getting unequal distribution migtg¢ barder than each getting equal distribution.
Besides, under the condition of equal distribuiiothe two-child side, the efficiency difference

between the two sides increased the difficulty bbice because participants might face the
dilemma between equity and efficiency. In additiatnen two sides had no efficiency difference,
the equitable choices as default options would beenconsistent with participant’'s preference
than the inequitable choices as defaults becaese wasn't a conflict between default and equity,

and thus the decision might be easier to make.

The multi-domain features extracted by NCPD frora thurth-order tensor could reveal the
properties of the ERP in the time, frequency, gratial domains simultaneously, which denoted
the strength of brain activity (Cong et al., 208hng et al., 2015). The 7domponent was
selected for further analysis, whose propertighéntemporal, spectral, and spatial were consistent
with those of N200. In this study, the desired irddtmain features of N200 revealed the
interaction effect between equality, efficiencydahefault. Greater brain activity was found for
more violent conflict between default option andiabpreference. Previous studies showed that
N200 amplitude was associated with response imbribdiuring tasks that elicited conflict, with
increased amplitude reflecting greater conflict itaing (Torbeyns et al., 2016; Yeung et al.,
2004), including canceling a prepared responses{&ial et al., 2008). Although subjects were
generally fond of helping two children because quity preference, they increased the proportion

of choosing the one-child side when facing the waéddistribution inside two-child and



advantageous efficiency for the one-child side. €heitable default option, setting to two-child
side, clashed with their preference for efficieption. Therefore, the conflict elicited higher hrai
activity, compared with changing one of the thraetdrs in our experimental design, equal

distribution in the two-child side, no efficienciffdrence, or one-child side as default.

The 22ndcomponent was also selected, whose propertieseirtetimporal, spectral, and spatial
were consistent with those of P300. The P300, drikeomost frequently studied components of
ERPs, was typically regarded as a measure to igaéstvarious cognitive processes, processing
capacity, and mental workload (Polich, 2007). Stimuneaning was one of the three categories
or dimensions that influenced P300 amplitude (John$986). In this study, our results found that
the magnitude of the multi-feature of P300 for thd-child side as the default option was
significantly larger than the one-child side asdleé&ult option. The present result was compatible
with the previous findings that the P300 reflecthd processes of attention allocation and the
motivational/emotional salience of outcomes, fatamce, the P300 was stronger in response to
equal than unequal offers (Wu et al., 2012). ThierpfiMRI study demonstrated that high
emotional system activity was associated with passiver the inequitable allocation and
choosing the equitable allocation (Hsu et al., 2008e equitable default option, setting to the
two-child side, might represent that the defaultiasp was in accordance with the desirable
equitable choice, which was regarded as a mordiymsiutcome that elicited larger brain activity

than the inequitable default option.

Besides, the motivational/affective significanc@etence between equitable default options and
inequitable default options was consistent withrtimelividual equity preference. Individuals with

larger neural response differences to two defaitings appeared to be more inequity aversion.
Inequity aversion meant that people resisted irtaljld outcomes; sometimes, they were willing
to give up some payoffs to move in the directiomudre equitable outcomes (Fehr & Schmidt,
1999). Behaviorally they were more likely to acct equitable default allocation and reject the
inequitable but maybe efficient default allocationherefore, the motivational significance

difference measured by the multi-feature of P30@8refl a valuable neurophysiological predictor

of one’s distributive decisions in avoiding inequit



Moreover, our behavioral and ERP results permitesamormed speculations about the possible
mechanisms in the distributional context. The exglon broadly in line with our findings was
that participants perceived the default option ascammended action (McKenzie et al., 2006) or
a socially normative option (Everett et al., 2018)the trade-off between equity and efficiency,
greater brain activity associated with conflict ntoring was elicited, when the default option
could not represent a desirable action. And paditis attached more motivational/affective
significance to equitable than inequitable defagtions, which was consistent with inequity
aversion. Therefore, participants might follow tthefault options because they were uncertain
about which was better or they did not want to a&vifrom a social norm that defaults might
convey. The default option and distributive justideoth contributed significantly to

decision-making.

Our work suggested that the default effects mageifgiant contributions to distributive justice
involving equity and efficiency. The default opti@an be an effective tool to achieve a more
equitable result by using equitable options asudefar to achieve a more efficient result by using
efficient defaults. Besides, distributive justicéliiencedthe neural comparison process of default
and alternative options, which was indicated by rthdti-domain features of N200s and P300s.
And our work may provide behavioral and electroptiggjical evidences that the default option
was perceived as a recommended action or a soo@lpative option. Of course, our study was
just a first step in the analysis of whether anal behavioral interventions such as choice defaults
affected distributions, and the precise mechanisfrdefault effects and other nudges should be
investigated further in future research. In additidve extent to which the defaults affect equéabl
or efficient decisions is another important toppcexplore. Future research could measure the
impact of defaults by influencing default settinghpice frameworks such as opt-in and opt-out
and the cost of opting out. More broadly, sometmage productive to shift from creating nudges
to reducing sludge, eliminating the barriers thakenotherwise good decisions difficult, should
be further considered (Thaler, 2020). Practic#tig, results suggested that default could constitute
a nudge to increase equitable choices or efficietmysideration. However, the processes and

institutions that form interventions should be taug and methodical, replete with redundant



checks and balances. In order to improve sociafanel policymakers should make trade-offs
between giving everyone a decent share of thetpgleeaexpense of efficiency and increasing the
size of the pie at the expense of equity, and ehaichitecture like defaults can be used when

necessary.
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Figure 1.Experimental ParadignfA) The experiment had a 2x2x2 within-participéauttorial
design. The first factor referred to the equalitghim two-child side (equal vs. unequal). The
second factor referred to efficiency differencewsstn two optionsAM = 0 vs.AM = 3). The
third factor referred to the default option (twatdlside vs. one-child side as default option). (B)
Time course of a single trial. Each trial begarhvwet500 ms fixation point. A distribution screen
displaying the stimulus was then shown. Participamére required to make their decision by
clicking the computer mouse (left' or 'right) 3800 ms or waiting for 5000 ms let the default
option be automatically chosen. The feedback scnetimthe amount of donated meals for each
child would subsequently last for 1500 ms. The @kéncharacters in the figure represented the
results of the donatiod# A X 3488 711434 £ : You've donated 10 meals in this trial) and the

names of each child#{% : Jun Hu; #k5%: Qiang Lin; Z=4F: Xuan Li).

Figure 2. (A) Behavioral result of the percentadecloosing the two-child side. Error bars
denoted standard error of the mean. (B) Behaviesllt of the mean response time. Error bars

denoted standard error of the mean.

Figure 3. The multi-domain features of N200 compuras well as the corresponding temporal,
spectral, and spatial components extracted frorbralh activity. The mean magnitude of every
condition. The scatter plots with boxplots of thean magnitude of all conditions. (equl: equal,
equ2: unequal; eff]AM = 0, eff2: AM = 3; defl: two-child side as default, def2: oriele side as

default).

Figure 4. The multi-domain features of P300 compbres well as the corresponding temporal,
spectral, and spatial components extracted frorbralh activity. The mean magnitude of every
condition. The scatter plots with boxplots of thean magnitude of all conditions. (equl: equal,
equ2: unequal; efflAM = 0, eff2: AM = 3; defl: two-child side as default, def2: oriele side as

default)

Figure 5. (A) Correlations between the defaultad#hce of brain activity (22nd feature) and

inequality aversion parameter. (B) CorrelationsMeein inequity aversion parameter and behavior.
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Highlights

Default options can constitute a nudge to achieve more equitable or more efficient results in

distributional contexts.

Greater brain activity associated with conflict monitoring was elicited when the default could not

represent a socially desirable action.

M ore motivational/affective significance was attached to equitable default options than inequitable

but maybe efficient default options.

Individuals with larger neural response differences between equitable and inequitable defaults

appeared to be more inequity aversion in behavior.



