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ABSTRACT 

Currently, conflicting evidence exists regarding the developmental trajectory of infants’ 

sensitivity to distributive fairness norms in resource allocations. To investigate potential 

age-related changes from 6 months to 12 months of age in infants’ sensitivity to 

distributive fairness norms, we recorded event-related potentials (ERPs) in response to 

fair (2:2 and 1:1) and unfair (3:1 and 2:0) outcomes of resource distributions. At 12 

months of age (N = 20), infants discriminated between fair and unfair outcomes across 

all processing stages, including perception (P100), encoding (P400), attention (Nc), and 

evaluation (late slow wave, LSW). In contrast, 6-month-old infants only marginally 

perceptually differentiated between the two outcomes as reflected by the P100, and this 

differentiation occurred specifically in a social contexts (N = 22) but not a nonsocial 

context (N = 17). Exploratory analyses indicated that 12-month-old infants might 

distinguish between egregiously unfair distributions (2:0 vs. 1:1) and relatively unfair 

distributions (3:1 vs. 1:1). Our results support the notion of a developmental shift 

between 6 to 12 months of age in infants’ sensitivity to distributive fairness norms, and 

help to elucidate the underlying biological mechanisms involved in constructing fairness 

expectations. 

  

Keywords: fairness expectations, infant development, event-related potentials, P400, 

Nc, LSW 
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Highlights: 

• 12-month-old infants discriminate fairness outcomes across processing stages. 

• At 6 months, infants show a marginal ability to discriminate fairness outcomes.  

• The older infants may also discriminate egregious versus relative unfairness. 
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1. Introduction 

 Mature social cognition is guided by an ability to form expectations regarding 

others’ behavior, and to evaluate others’ actions based on their adherence to or 

deviation from particular social and moral norms. Although adults are sensitive to a wide 

variety of social and moral norms, concerns about fairness are prominent in mature 

reasoning (Rawls, 1999). In particular, research suggests that adults possess norms 

pertaining to how resources are and should be distributed (Andre and Baumard, 2011; 

Deutsch, 1975). While such norms incorporate principles of effort, merit and need in 

judging resource allocations, when background information regarding the recipients is 

scare or lacking, adults tend to endorse norms of equality: all things being equal, 

resources should be distributed equally to recipients (Deutsch, 1975). Evidence of 

adults’ possession and endorsement of norms of distributive fairness can be found in the 

context of their responses during economic games (Dawes et al., 2007; Johnson et al., 

2009).Moreover, even children are sensitive to distributive fairness norms, as is evident 

by how they distribute resources and respond to resource distribution outcomes (LoBue 

et al., 2011; McAuliffe et al., 2015; Olson and Spelke, 2008). 

Recent evidence suggests that the origins of a sensitivity to fairness norms can 

be traced back to the first two years of life. Infants demonstrate longer looking to 

resource distributions that end in unequal (i.e., unfair) outcomes versus equal (i.e., fair 

outcomes) (Meristo and Surian, 2014; Sloane et al., 2012; Surian et al., 2018; Ziv and 

Sommerville, 2017), show social preferences for fair over unfair actors (Burns and 

Sommerville, 2014; Lucca et al., 2018), and differentially associate positive stimuli with 

fair actors and negative stimuli with unfair actors (DesChamps et al., 2016). These 

findings provide evidence for a nascent sensitivity to distributive fairness starting within 

the first two years of life.  
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However, to date, two inter-related issues remain unresolved: the developmental 

source of infants’ fairness concerns, and the developmental trajectory of the onset of 

these concerns. To gain traction on these issues, one study used a violation-of 

expectancy paradigm to test 6- to 15-month-old infants’ expectations of resource 

distribution events (Ziv and Sommerville, 2017). After seeing resource distributions, 12- 

and 15-month-old infants showed longer looking to an unfair outcome (3:1 resource 

distribution) than to a fair outcome (2:2 resource distribution); 6-month-old infants did not 

distinguish between either outcome, although a control experiment demonstrated that 

infants of this age were capable of perceptually discriminating the outcomes (suggesting 

that perceptual limitations were not the source of 6-month-olds’ failure). Nine-month-old 

infants, in contrast, were transitional in their looking, tied to whether they had begun to 

share objects with others in naturalistic settings: infants whose parents reported that 

they were sharing objects looked longer to the unfair outcome than the fair outcome, 

whereas 9-month-olds that were not yet sharing looked equally to the two events. 

Together, these findings suggest that infants’ sensitivity to fairness norms is a 

developmental achievement, acquired via their experience in sharing interactions, which 

induces a sensitivity to fairness norms by perhaps by allowing them to appreciate the 

consequences of fair and unfair behavior on recipients (cf. Ziv & Sommerville, 2017.  

Alternately, others suggest that infants’ sensitivity to principles of distributive 

fairness is part of an innate endowment. Dawkins, Sloane & Baillargeon (2019) tested 9- 

month-olds and 4-month-olds; infants saw an actor distribute resources equally (1:1) or 

unequally (2:0) to two penguin puppets that were depicted as either animate agents 

(through movement and language cues) or inanimate objects. Infants looked longer to 

the unequal than the equal outcome. Critically, however, infants failed to discriminate the 

fair versus unfair outcomes when distributions of 3:1 and 2:2 were compared. The 

authors reconciled these findings with prior work (i.e., Ziv & Sommerville, 2017) by 
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suggesting that a nascent, but limited, sensitivity to fairness is in place early in life, such 

that infants will be able to detect simple violations from fairness (i.e., 2:0) but not more 

complex violations (i.e., 3:1; Dawkins et al. 2019). Thus, according to this perspective, 

infants are endowed with an innately specified initial draft of abstract fairness 

representations.   

This current study sought to characterize the underlying temporal neural 

correlates associated with fairness expectations in 6- and 12-month-old infants. Adult 

ERP responses indicate larger responses when an agent distributes a resources unfairly 

(2:0) relative to a fair distribution (1:1), and these responses also correspond to the 

moral actions previously observed of the agent (e.g., helping or hindering a third party) 

(Ishikawa et al., 2017). More broadly related to socio-moral cognitive processing, 

children and adults exhibit heightened ERP responses to morally good actions than 

morally bad actions (Cowell and Decety, 2015a; Yoder and Decety, 2014). For instance, 

children age 3-5 years discriminate when observing prosocial (e.g., sharing, helping) and 

antisocial (e.g., harming) intentional actions (Cowell and Decety, 2015a), such that 

multiple ERP components reflect cognitive processes evidence that children observe 

and shift attention based upon the valence of moral actions. In fact, late waveform 

effects (i.e., late positive potential) were related to children’s decision to share stickers 

with an unknown child stranger, highlighting differential contributions to overt behavior. 

In contrast to older children, middle but not later ERP components as discriminating 

between prosocial and antisocial actions in infants aged 12 to 24 months (Cowell and 

Decety, 2015b).  

In order to bridge between behavioral studies of fairness distributions and studies 

capturing neural correlates responses to socio-moral evaluation, we adapted a classic 

looking time paradigm (Ziv and Sommerville, 2017) to accommodate an ERP analysis. 

Infants in both age groups watched vignettes in which an actress distributed an unknown 
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amount of crackers to two recipients. We time-locked ERPs to the onset of distribution 

outcomes, in which it was revealed that the actress had distributed the crackers fairly, in 

either 1:1 or 2:2 distributions to recipients, or unfairly by giving all crackers to one 

recipient in a 2:0 distribution or the majority to one recipient in a 3:1 distribution. In this 

way, we could measure how well specific ERP components associated with discrete 

neural processes discriminated between fair and unfair outcomes. Moreover, as a 

secondary exploratory aim, we investigated whether infants’ responses to the distribution 

outcomes varied as a function of the whether the outcomes were egregiously unfair (i.e., 

2:0 vs. 1:1) versus or relatively unfair (i.e., 3:1 versus 2:2).  

Looking at a series of ERP components provided the opportunity to characterize 

specific socio-cognitive processes that were invoked in response to the distributions. 

First, we evaluated ERP neural responses in a social context for 12-month-old infants 

(Study 1) and 6-month-old infants (Study 2). We focused on four components: the P100, 

which has been associated with visual discrimination of different stimuli (De Haan et al., 

2003), the P400 which has been interpreted as reflecting the encoding of social 

information in infants (Leppänen et al., 2007; Taylor, 2002), the Nc component, which is 

thought to reflect attention reorganization (Richards, 2003), and the late slow wave 

(LSW) component, which is often characterized as a long-lasting deflection that begins 

~700 ms post-stimulus onset and can persist for another 1000-1500 ms (Reynolds, 

2015), and is elicited at frontal sites following events requiring social evaluation (Cowell 

and Decety, 2015b). Based on the behavioral work done with 12-month-old infants 

showing that infants not only notice violations to distributive fairness norms, but also use 

this information as a source to evaluate individuals, we predicted that 12-month-old 

infants would show differentiation across all 4 components (Study 1). In contrast, we 

predicted that for 6-month-old infants (Study 2), to the extent to which differentiation was 

found, it would be restricted to earlier occurring components related to perceptual 
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encoding. Lastly, we evaluated ERP neural response in a non-social context (Study 3) to 

confirm that low-level processes, such as differential attention to unequal versus equal 

amounts of good, did not drive the anticipated early perceptual fairness sensitivity at 6 

months.  

2. Study 1  

2.1 Study 1 Methods 

 2.1.1. Participants: Twenty-four (11 female, 13 male) 12-month-old infants were 

recruited from a university-maintained database to participate in the study. One infant 

was unable to attempt the study due to infant’s dislike of the ERP net, and three 

additional infants were excluded due to insufficient data or poor data quality. Final 

demographic information (N = 20) is provided in Table 1.  

Table 1. Demographic characteristics across studies.   
  Study 1 Study 2 Study 3 
N 20 22 17 
Female:Male 9:11 8:14 7:10 
Age Mean 12 months 16 days 6 months 4 days 6 months 30 days 
Age Minimum 12 months 3 days 5 months 24 days 5 months 22 days 
Age Maximum 12 months 27 days 6 months 17 days 6 months 10 days 
Number of epochs    

Fair/Equal Mean (SD) 24 (7.17) 19.45 (6.76) 17.06 (6.47) 
Fair/Equal Range 10-37 11-33 8-29 
Unfair/Unequal Mean (SD) 22.9 (8.66) 17.59 (6.48) 15.94 (4.38) 
Unfair/Unequal Range 9-37 8-28 9-24 

 

 2.1.2. Fairness task: Infants watched a series of digital vignettes in which a 

female distributor allocated crackers to two female recipients in either fair or unfair 

proportions (see Figure 1). Similar to prior studies (Schmidt and Sommerville, 2011; 

Sommerville et al., 2012; Ziv and Sommerville, 2017), the female distributor sat at the 

end of a table with a transparent bowl containing crackers. Two female recipients were 

seated on either side  
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Figure 1: Schematic depiction of the fairness task for Studies 1 and 2. (A) During the distribution 
phase, an actress distributes crackers to both recipients with a black box occluding the results of the 
distribution. (B) The structure of the outcome phase involved four 3 second outcome epochs preceded by a 
1 second fixation. (C) Outcome epochs were either Fair (e.g., equal crackers to each recipient, 1:1 or 2:2) or 
Unfair with all (2:0) or a majority (3:1) of crackers to one recipient. 

of the distributor, and each had an empty plate on the table in front of her. Each block 

consisted of a novel distributor (randomly selected by the computer), but the two female 

recipients remained consistent across blocks. Blocks began with a greeting video (15 

seconds in duration) that was included to introduce the distributor to the recipients and 

familiarize the infants with the vignette structure of the distribution phase. In the greeting 

video, the distributor greeted each recipient in turn by saying “Hi!” with the recipient 

responding “Hello”.  

 Trials began with a distribution phase (10 seconds in duration), in which the 

distributor held up a transparent bowl containing either four or two crackers with a 

positive vocal expression (“Mmm, yummy!”). In unison, both recipients moved their 
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plates closer to the distributor and requested crackers (“Please?”). A black box appeared 

on the monitor, occluding the area containing the crackers, bowl, and plates. The 

distributor reached into the bowl and distributed an unknown quantity of crackers to each 

recipient (“Here. Here.”) and then held up the bowl to show it was empty (“There. All 

gone!”).  

Next, during the outcome phase (16 s in duration), a series of four static images 

were presented in which the distribution of crackers is revealed to either be Fair (ratio of 

1:1 or 2:2) or Unfair (ratio of 2:0 or 3:1). Prior to each outcome, a blank screen appeared 

for 1000 ms before the static image was presented for 3000 ms. A chime sound 

occurred at the onset of the image to emphasize that a new image had appeared. Each 

outcome phase was based upon the quantity of crackers allocated, such for each trial 

infants either saw (a) two Fair 1:1 and two Unfair 2:0 conditions or (b) two Fair 2:2 and 

two Unfair 3:1 conditions. Blocks and trials were not initiated until the infant was calm 

and attentive. Depending on the infant’s affect, up to five blocks were presented for a 

possible total of 20 Fair 1:1, 20 Fair 2:2, 20 Unfair 2:0, and 20 Unfair 3:1 conditions. The 

distributor actress was counterbalanced across blocks. The recipient actresses 

remained in the same position for all trials, and the actress on the left was the only one 

to receive zero or one cracker in the Unfair trials. Blocks were also counterbalanced 

based upon whether infants saw Fair or Unfair trials first within the block. The design 

features of the ERP paradigm (a vignette followed by multiple outcome trials) were 

modeled after violation-of-expectancy paradigms in the looking-time literature to (a) 

allow for a comparison to findings using the VOE paradigms, and (b) maximize the 

number of outcome trials per infant.  

 2.1.3. EEG procedures: Infants were seated on a parent’s lap 75 cm from a video 

monitor (SmartEye DR 120, 24” widescreen display). Parents were instructed to let the 

experimenter redirect infants’ attention and to refrain from interruptions (e.g., pointing at 
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the screening, talking). Sounds were presented at 65 dB at the child’s midline from Nata 

3D speakers. Stimuli were displayed using E-Prime 2.0 software (Psychology Software 

Tools, Inc. Pittsburgh, PA) and subtended a visual angle of 18.1° by 34.7°.  

Continuous EEG was recorded from a high-density 128-channel geodesic sensor 

net using Net Station 4.5.6 software integrated with a 400-series high-impedance 

amplifier (Electric Geodesics Inc, Eugene, OR). Electrode impedances were below 50 

kohms to maximize signal-to-noise ratio, within the standard range for high-impedance 

amplifiers. During collection, EEG signals were referenced to the vertex electrode, 

analog filtered (0.1 Hz high-pass, 100 Hz elliptical low-pass), amplified, and digitized 

with a sampling rate of 1000 Hz.  

2.1.4. EEG analysis: To generate ERPs, continuous EEG was filtered offline 

between 0.1-30 Hz and segmented into epochs that contained a 200 ms baseline period 

pre-stimulus onset and 2000 ms post-stimulus onset. Segmentation accounted for 

computer timing offsets (measured monthly) and digital finite impulse response filters. 

Automatic artifact detection rejected channels containing voltage shifts greater than 200 

μV for each trial. If a channel was rejected for more than 50% of epochs, it was excluded 

from analysis. If an epoch had more than 20 bad channels, the epoch was removed from 

analysis. Automated rejection decisions were reviewed and verified manually by trained 

experimenters before bad channel rejection. Epochs were re-referenced to the average 

reference and baseline corrected. Infants were excluded from analyses if they had fewer 

than 8 epochs per main condition (i.e., Fair/Equal vs Unfair/Unequal). Parallel analyses 

(Supplemental Material I) were conducted with a more conservative threshold (10 

epochs per main condition), consistent with prior infant ERP literature (Gredebäck et al., 

2015). Although power was reduced with the smaller subset of infants, there were no 

substantive differences from the analyses reported in the main text.  
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Component time windows were selected based upon relevant literature (Cowell 

and Decety, 2015b; Gredebäck et al., 2015; Reynolds and Richards, 2005; Yoder and 

Decety, 2014) and confirmed via visual inspection of the grand-average waveform (see 

Supplemental Figure 1 and Supplemental Table 1). Mean amplitude was extracted 

across bilateral posterior electrodes (EGI GSN net sensors; left: 58, 58, 65, 66; right: 85, 

91, 92, 97) for the P100 (80-200 ms) and P400 (200-400 ms) components and across 

bilateral frontal electrodes (EGI GSN net sensors; left: 24, 25, 28, 29, 35; right: 3, 117, 

118, 123, 124) for the Nc (400-800ms). Mean amplitude was also extracted for the long- 

latency late slow wave (LSW, 800-2000 ms) across the frontal cluster due to 

developmental work highlighting frontal LSW activity in mental state representation (Liu 

et al., 2009).  

2.1.5. Statistical approach: We opted to use a single-trial mixed multilevel model 

(MLM) approach as a means to best account for individual variability related to critical 

factors of interest (i.e., fairness sensitivity). This approach (similar to general linear 

modeling) focused analyses on within-infant deviations across trials by modeling 

individual variance using a covariance matrix that represents the variation around each 

infant’s mean (Hoffman, 2015). In this way, by including a random intercept per subject, 

MLMs adjust for each individual subject’s unique response relative to the main sample to 

give a more clear understanding of how different factors influence brain responses. This 

approach has been successfully adopted to account for ongoing intra-individual 

variability at the neural level, including ERPs (Hudac et al., 2018; 2017). 

Single-trial MLM analyses were conducted in SAS version 9.4 (SAS Institute; 

PROC MIXED) using restricted maximum likelihood and Satterthwaite denominator 

degrees of freedom with a random intercept for each individual infant. Tukey honestly 

significant difference (HSD) test was used to correct for multiple comparisons for all 

pairwise comparisons (i.e., t-statistics). Preliminary analyses (see Supplemental Material 
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II) indicated that there were no consistent effects related to the distributor (i.e., no effect 

of particular actress) or timing related to epoch (e.g., epoch order within trial). Thus, 

subsequent analyses collapsed across these factors. 

First, to address our primary aim, confirmatory MLM were conducted and 

omnibus tests are reported to evaluate the neural correlates associated with fairness 

expectations collapsing across quantity of cracker (e.g., collapsed across 1:1 and 2:2). 

Multilevel models included a full factorial that included fixed effects of outcome (e.g., Fair 

or Unfair), hemisphere (Left or Right), and their interaction. Hemisphere was included in 

order to best specify our results, considering that the literature is mixed between infant 

studies that found effects of hemisphere (Leppänen et al., 2007), found no effect of 

hemisphere (Gredebäck et al., 2015), or did not specifically test hemisphere (Cowell and 

Decety, 2015b).  

Our secondary aim was to explore whether there was a differential response to 

acts that are egregiously unfair (i.e., 2:0 vs 1:1 in the 2-cracker distribution) versus those 

that are relatively unfair (i.e., 3:1 versus 2:2 in the 4-cracker distribution). For 

components with a significant effect of outcome, we conducted a second full-factorial 

MLM with the addition of a fixed effect related to the quantity of cracker distributed. Due 

to the increasingly small cell sizes, this MLM may not be fully sufficiently powered to 

reveal a significant 3-way interaction (outcome x quantity of cracker distributed x 

hemisphere). However, as an exploratory aim to understand possible differential effects 

related to the unfair condition type (egregiously unfair versus relatively unfair), we report 

planned a priori analyses for all 4 possible permutations of the 3-way interaction to 

determine if the fairness outcome effect was present for the following: (1) 2:0 versus 1:1 

in left hemisphere; (2) 2:0 versus 1:1 in right hemisphere; (3) 3:1 versus 2:2 in left 

hemisphere; (4) 3:1 versus 2:2 in right hemisphere.  

2.2 Study 1 Results 
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2.2.1. Confirmatory analyses: Results are reported for each component. See 

Figure 2 for illustration of amplitude results and Table 2 for a summary of omnibus 

effects. 

Table 2. Summary of omnibus effects      
 Study Study 1 Study 2 Study 3 

 Age - Context 12 m - Social 6 m - Social 
6 m - Non-

Social 
Component Effect F p F p F p 
P100 Outcome 16.31 <.0001 1.06 0.302 1.4 0.236 
 Hemisphere 15.36 <.0001 4.69 0.030 2.35 0.126 
 Outcome x Hemisphere 1.26 0.261 2.86 0.091 0.01 0.942 
P400 Outcome 4.49 0.034 0.05 0.824 2.1 0.148 
 Hemisphere 20.68 <.0001 4.58 0.033 3.24 0.072 
  Outcome x Hemisphere 0.52 0.473 1.94 0.164 0.07 0.787 
Nc Outcome 0.72 0.396 1.07 0.301 0 0.986 
 Hemisphere 1.17 0.279 1.05 0.307 0.11 0.744 
  Outcome x Hemisphere 5.23 0.022 0 0.954 0.5 0.481 
LSW Outcome 0 0.9799 0.05 0.831 1.19 0.277 
 Hemisphere 0.27 0.606 0.06 0.802 0.87 0.350 
  Outcome x Hemisphere 9.46 0.002 0 0.998 0.04 0.851 

 

For the P100, a significant effect of outcome, F(1, 1843) = 16.31, p <.0001, 

indicated that the P100 amplitude was greater for unfair relative to fair outcomes. There 

was also a main effect of hemisphere, F(1, 1840) = 15.36, p  <.0001, that indicated a 

greater P100 in right relative to left hemisphere. 
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Effects for the P400 were 

similar to the P100, including greater 

P400 amplitude for unfair relative to 

fair outcomes, F (1, 1844) = 4.49, p = 

0.034, and greater P400 in the right 

hemisphere relative to the left 

hemisphere, F(1, 1840) = 20.68, p  

<.0001. 

For the Nc, a significant 

interaction between outcome and 

hemisphere, F(1, 1845) = 5.23, p = 

0.022, indicated a larger Nc (i.e., 

more negative) for unfair relative to 

fair outcomes across left electrodes, 

t(1850) = 2.21, p = 0.027, but not 

across right frontal electrodes, 

t(1850) = 1.02 p = 0.31. 

For the LSW, a significant 

interaction between outcome and hemisphere, F(1, 1845) = 9.46, p = 0.0021, indicated 

opposite effects across hemisphere. The LSW was more negative for unfair relative to 

fair outcomes across the left hemisphere, t(1850) = 2.19, p = 0.028, but more negative 

for fair relative to unfair outcomes across the right hemisphere, t(1850) = 2.16, p = 

0.031. 

2.2.1. Exploratory analyses: Omnibus effects were similar for the larger MLM that 

included fixed effects of quantity of crackers distributed compared to the confirmatory 

MLM (see Supplemental Table 3). There were no significant omnibus effects of quantity 

Figure 2: Group and individual ERP amplitudes for Study 
1 (12-month-olds, Social context), Study 2 (6-month-olds, 
Social context), and Study 3 (6-month-olds, Non-social 
context). Boxplots represent median and inner quartile range, 
and individual amplitudes are plotted as dots. Amplitude is 
plotted for each component for fair/equal (blue left) and 
unfair/unequal (red right) conditions for the left and right 
hemisphere.  
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with one exception: The P400 exhibited a marginal interaction between fairness outcome 

and cracker quantity, F(1, 1839) = 3.09, p = .079, that highlighted fairness discrimination 

in the relatively unfair condition (3:1 versus 2:2), t(1839) = 2.72, p = .0065, but not the 

egregiously unfair condition (2:0 versus 1:1), t(1839) = 0.22, p = .82. 

As planned, exploratory comparisons were conducted to characterize whether 

discrimination of events was related to the level of unfairness. Full results are reported in 

Table 3. Both the P100 and P400 exhibited strong to marginal effects across both 

hemispheres during the relatively unfair condition (3:1 versus 2:2), p’s < .071. Only the 

left hemisphere discriminated between the 2:0 and 1:1 conditions, t(1838) = 2.01, p = 

.045. In contrast, there were no significant differences for the Nc for the planned 

comparisons, p’s > .10. Lastly, pairwise comparisons indicated that the LSW exhibited 

an effect for the egregiously unfair condition, t(1848) = 2.20, p = .028, but not the 

relatively unfair condition, t(1848) = 0.86, p = .39. 

Table 3. Summary of exploratory planned comparisons   
  Study Study 1 Study 2 
  Age - Context 12 m - Social 6 m - Social 
Component Quantity Hemisphere t p t p 
P100 2:0 vs 1:1 Left -2.01 0.045 0.71 0.480 
  Right -0.45 0.654 -2.02 0.043 
 3:1 vs 2:2 Left -3.13 0.002 0.00 0.997 
  Right -2.41 0.016 -0.63 0.527 
P400 2:0 vs 1:1 Left -0.78 0.436   
  Right 0.46 0.642   
 3:1 vs 2:2 Left -2.04 0.041   
    Right -1.81 0.071   
Nc 2:0 vs 1:1 Left 1.49 0.135   
  Right -1.13 0.259   
 3:1 vs 2:2 Left 1.63 0.104   
    Right -0.31 0.757   
LSW 2:0 vs 1:1 Left 1.51 0.131   
  Right -2.20 0.028   
 3:1 vs 2:2 Left 1.58 0.115   
    Right -0.86 0.388   



INFANT NEURAL CORRELATES OF FAIRNESS Hudac 17 

 

 

2.3 Study 1 Discussion 

 Study 1 demonstrates that 12-month-old infants exhibit discrimination of 

outcomes, as reflected as larger ERP amplitudes for all predicted stages of processing 

including the P100, P400, Nc, and LSW. Both perceptual and encoding components 

(P100, P400) indicated more positive amplitude for unfair relative to fair outcomes, 

indicating that infants successfully perceived the differences and encode social 

information between fairness outcomes. Exploratory analyses revealed that these 

components are sensitive to both the relatively unfair outcome (3:1 vs. 2:2) and 

egregiously unfair outcome (2:0 vs. 1:1), suggesting that by 12 months of age infants 

may be capable of detecting across levels of unfairness.  

Both the Nc and LSW components exhibited hemispheric effects: the Nc was 

more negative for unfair outcomes in the left electrodes, suggesting more attention 

reorienting in unfair situations. The LSW exhibited a cross over effect, such that both 

hemispheres exhibited differential activity related to outcome, though in opposite 

polarities. Although the Nc was not sensitive to level of fairness within the exploratory 

analyses, the LSW was sensitive to the complex egregiously unfair outcome, as 

illustrated in Figure 3.  

Taken together, these results offer insight into the discrete socio-cognitive neural 

processes that support infants’ sensitivity to fairness expectations. At 12 months of age, 

infants demonstrate visual discrimination of different stimuli (P100), encoding of this 

social information (P400), reorienting of attention (Nc), and further evaluative processing 

(LSW). 
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3. Study 2 

To shed light on the developmental trajectory of infants’ sensitivity to distributive 

fairness we conducted an identical study with 6-month-old infants. We anticipated that 

infants as 6 months of age would either show no differentiation based on outcome type, 

or that their discrimination would be restricted to early occurring components (P100 and 

P400 components) but not later occurring components (Nc or LSW). 

3.1 Study 2 Methods  

 3.3.1. Participants: Twenty-six (10 female, 16 male) 6-month-old infants were 

recruited from a university-maintained database to participate in the study. One infant 

was unable to attempt the study due to infant’s dislike of the ERP net, and three 

additional infants were excluded due to insufficient data or poor data quality. Final 

demographic information (N = 22) is provided in Table 1.  

 3.3.2. Stimuli and procedures: All procedures for the fairness task, EEG 

acquisition, processing, and procedures were identical to Study 1.  

3.2. Study 2 Results 

3.2.1. Confirmatory analyses: See Figure 2 for illustration of amplitude results 

and full omnibus effects reported in Table 2. Notably, the mixed model did not reveal any 

significant or marginal effects or interactions for the Nc and LSW components, F’s < 

1.07, p’s >.30.  

Figure 3: Grand average waveforms from right frontal electrodes. Thick lines represent 2:0 (red) and 
1:1 (blue) outcomes. Thin lines represent 3:1 (red) and 2:2 (blue) outcomes. 
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For the P100, a main effect of hemisphere, F(1, 1585) = 4.69, p = 0.030, 

indicated that the P100 was greater across the left electrodes. There was a marginal 

interaction between fairness outcome and hemisphere, F(1, 1585) = 2.85, p = 0.091, that 

indicated a trend towards a greater P100 for unfair outcomes relative to fair outcomes 

across the right hemisphere, t(1594) = 1.93, p = 0.054, but no outcome differences 

across the left hemisphere, t(1594) = 0.47, p = 0.64. 

For the P400, a main effect of hemisphere, F(1, 1586) = 4.58, p = 0.033, 

indicated that the P400 was greater across the left electrodes. There were no significant 

or marginal effects involving outcome. 

3.2.2. Exploratory analyses: Exploratory analyses were constrained to the P100, 

as the only component to exhibit a significant or marginal effect of fairness outcome. 

Omnibus effects (see Supplemental Table 3) indicated a marginal interaction between 

fairness outcome and hemisphere, F(1580) = 2.93, p = .087, consistent with the 

confirmatory MLM. Planned comparisons (see Table 1) indicated that fairness 

discrimination was only observed in the right hemisphere for the 2:0 versus 1:1 

condition, t(1590) = 2.02, p = .043. All other planned comparisons were not significant, 

p’s > .48.  

3.3. Study 2 Discussion 

 For 6-month-old infants, Study 2 found marginal differences in amplitude for 

perceptual ERP components P100 across the right hemisphere when comparing unfair 

and fair distribution of resource outcomes. In contrast to the 12-month-old infants in 

Study 1, there was no evidence of fairness sensitivity for the P400, Nc, or LSW 

component, suggesting that at 6 months infants do not selectively orient their attention or 

further encode, or evaluate fairness outcomes.  

The marginal differences in the P100 may reflect an early perceptual sensitivity 

to outcomes on the basis of fairness. However, an alternative possibility is that the P100 
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response occurs generally in response to equal or unequal amounts of resources, 

irrespective of the social implications (i.e., whether these represent fair or unfair 

outcomes). To address this concern in Study 3, we recorded ERP responses in a 

second cohort of 6-month-old infants using modified stimuli that depicted distribution of 

crackers to non-biological, non-animate objects (i.e., pillows) rather than people. In this 

way, we sought to remove the social context of the distribution to evaluate whether 

young infants still maintained differential brain responses in how the resources were 

distributed. 

3. Study 3 

3.1 Study 3 Methods  

 3.3.1. Participants: Twenty-three 6-month-old infants (11 female, 12 male) were 

recruited from a university-maintained database to participate in the study. Two infants 

completed the study but were excluded due to technical errors, and 1 additional infant 

was excluded due to insufficient data. Final demographic information (N = 17) is 

provided in Table 1.  

 3.3.2. Stimuli and procedures: The fairness task was modified to replace the two 

recipient with pillows, consistent with the control condition from our prior study (Ziv and 

Sommerville, 2017). The original videos were edited such that recipient speech (i.e., 

“Hello”, “Please?”) were muted and a static photo obstructed the dynamic elements 

related to the recipient (i.e., the actresses, the moving plates), while the video of the 

distributor was unchanged. The static photo consisted of two pillows propped in chairs 

on either side of the table and two white plates at the end of the table at the location 

where the crackers are distributed (Supplemental Figure 3).  

 All procedures regarding EEG acquisition, processing, and procedures were 

identical to Study 1. Analytic models were ostensibly the same, though effects of 
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fairness outcome (i.e., describing the distribution as Fair or Unfair) were replaced with 

effects of equality outcome (i.e., describing the distribution as Equal or Unequal). 

3.2. Study 3 Results 

See Figure 2 for illustration of amplitude results. There were no significant or 

marginal omnibus effects for the P100, P400, Nc, or LSW, F’s < 3.76, p’s > .053 (see 

Table 2) with one exception: The P400 exhibited a marginal effect of hemisphere, F(1, 

1118) = 3.24, p = 0.072. 

3.3. Study 3 Discussion 

 The results of Studies 2 and 3 combined provides some evidence that the  P100 

differentiates equal from unequal outcomes at 6 months of age but only in a social 

context. Our findings are consistent with two different possibilities. On the one hand, it 

may be the case that the mere addition of people, rather than pillows, as recipients leads 

to differential scanning patterns across the two conditions. By this interpretation, infants 

do not see the social and non-social contexts as providing differential meaning; rather it 

may be the case that the difference in resource amounts are simply more noticeable to 

infants when people, rather than pillows are adjacent to these amounts.  

 An alternate interpretation of these findings is that 6-month-old infants may have 

some low-level recognition that different resource distribution outcomes have different 

meanings or implications if these are directed toward people rather than objects. 

However, this understanding may be relatively weak (particularly considering that only 

the P100 exhibited fairness sensitivities) and not sufficiently robust to drive either 

reallocation or attention or subsequent evaluation. Future work can distinguish these 

possibilities.  

5. General discussion 

 Our results support the notion that infants’ sensitivity to distributive fairness is 

marked by developmental changes (cf. Ziv & Sommerville, 2017). Past work has 
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suggested that there is a transition in infants’ sensitivity to distributive fairness norms as 

indexed by their enhanced attention between to unfair (versus fair outcomes) between 6 

and 12 months of age (Ziv and Sommerville, 2017). Critically, this is the first study to 

provide neural evidence of these discrete processing stages in response to the 

outcomes of resource distributions. By 12 months, infants exhibited neural correlates 

underlying sensitivity to distributive fairness, as reflected by the P100, P400, Nc, and 

LSW. These findings across early, middle, and late components evince processing 

stages associated with early perceptual detection (P100), encoding of social information 

(P400), reorientation of attention (Nc), and evaluation of expectations (LSW), suggesting 

that 12-month-old infants are successfully extracting low-level and higher-order 

information about fairness expectations. Moreover, it is important to note that diverging 

topographic effects (i.e., scalp location) for the Nc and LSW support the hypothesis that 

each component represents a distinct aspect, such that the effects shown in the LSW 

are not merely carried over from earlier components. In contrast, 6-month-old infants did 

not exhibit the mid- or late-stages processes indexed by the P400, Nc, and LSW, despite 

marginal effects of the right P100 in a social but not a non-social distributive context (i.e., 

effects observed when distributing to people not inanimate objects).  

This study is aligned with a recent call to specifically evaluate how relevant 

distinct sub-processes guide sociocognitive constructs (Happé et al., 2017) with the 

understanding that these subcomponents may or may not emerge within similar 

developmental periods. Although our study identified distinct sub-processes involved in 

generating fairness expectations, it is critical to consider how the neural responses relate 

to behavioral responses in previous studies. For instance, Ziv and Sommerville (2017) 

found that 6-month-old infants do not differentiate fair (2:2) from unfair (3:1) outcomes. In 

the current study, we observed that the P100 is sensitive unequal within the social 

context only. Accordingly, these results show that ERP approaches to infants’ early 
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sensitive to social and moral norms may be more sensitive than looking-time 

approaches. In contrast, 12-month-old infants not only look longer at unfair than fair 

outcomes (Ziv and Sommerville, 2017), but also prefer fair over unfair actors (Burns & 

Sommerville, 2014), and associate positivity with fair actors and negativity with unfair 

actors (DesChamps et al., 2015), which maps onto our findings of larger neural 

responses from perceptual, attentional, and higher-order encoding ERP components. 

Taken together, our results provide evidence for convergence between behavioral and 

neural studies. Moreover, electrophysiology is an essential tool for assessing and 

verifying discrete processing stages involved in complex social cognition. Indeed, one 

significant advantage of ERP approaches over behavioral approaches may be that they 

allow researchers to test for the presence of a range of different processes in a single 

experimental study. 

This study explored a second major question regarding whether infants’ 

responses would vary based on the number of crackers distributed. One possibility is 

that infants may be sensitive to resource distributions that contrast complete unfairness 

(i.e., a 2:0) distribution with equality (a 1:1 distribution) at early ages, but may not 

recognize relative unfairness (e.g., 3:1 versus 2:2) until later ages. Our exploratory 

analyses indicated that 6-month-old infants showed sensitivity to distribution type within 

the right hemisphere (see Table 3), but it was only in the social context during the 

egregiously unfair condition (i.e., 2:0 versus 1:1). These findings provide partial support 

for the claim that detecting egregious unfairness may be detected at earlier ages than 

relative unfairness {Dawkins:2019ia}. They further suggest that there are other ways in 

which older infants differ from younger infants in terms of their sensitivity to fairness: 

namely, by 12 months of age infants’ sensitivity to violations of fairness norms are not 

only perceptual in nature. Moreover, these these findings indicate that by 12 months of 

age, infants, like adults, show differential electrophysiological responses on the basis of 
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the degree of unfairness that a resource distribution portrays. However, these results 

should be interpreted with caution given the exploratory nature of this analysis, such that 

other factors (e.g., visual properties, experimental design) may also be contributing to 

these neural differences. Future work would benefit from careful consideration of these 

elements, in older infants as well as young children.  

Several other important limitations should be noted and clarified. First, given 

infants’ limited attention within the EEG environment, we designed our paradigm to 

maximize the number of trials such that for each distribution video, infants saw four 

trials. Although preliminary models found no effects of trial order, it is possible that 

infants were confused that the second, third, and fourth trials presented new information 

without observing a new distribution. Second, this study did not directly link infants’ 

neural response to spontaneous, overt behaviors (e.g., looking time, choice selection). 

As noted above, it will be important to provide an understanding of how neural findings 

relate specifically to individual differences in performance, and this would be particularly 

helpful from a longitudinal perspective.   

6. Conclusions 

 The representation and understanding of fairness expectations are emerging 

during the first year of life. We demonstrated that neural correlates by 12 months of age, 

infants differentiate fair and unfair resource distributions both in terms of perception and 

encoding, and in terms of higher-level processing stages, including attention reorienting 

and evaluation of resource distribution outcomes. In contrast, 6-month-old infants 

demonstrated weak evidence of perceptual discrimination of fair and unfair outcomes in 

a social context, and provided no evidence of differences in encoding, attention 

reallocation or evaluation on the basis of these outcomes. Our results are consistent with 

the claim that developmental changes occur in the nature of infants’ fairness 

expectations between 6 and 12 months of age.     



INFANT NEURAL CORRELATES OF FAIRNESS Hudac 25 

 

REFERENCES 

Andre, J.-B., Baumard, N., 2011. Social opportunities and the evolution of fairness. J. 
Theor. Biol. 289, 128–135. doi:10.1016/j.jtbi.2011.07.031 

Burns, M.P., Sommerville, J.A., 2014. “I pick you”: The impact of fairness and race on 
infants' selection of social partners. Front. Psychology 5, 93. 
doi:10.3389/fpsyg.2014.00093 

Cowell, J.M., Decety, J., 2015a. The neuroscience of implicit moral evaluation and its 
relation to generosity in early childhood. Curr Biol 25, 93–97. 
doi:10.1016/j.cub.2014.11.002 

Cowell, J.M., Decety, J., 2015b. Precursors to morality in development as a complex 
interplay between neural, socioenvironmental, and behavioral facets. P Natl Acad 
Sci USA 112, 12657–12662. doi:10.1073/pnas.1508832112 

Dawes, C.T., Fowler, J.H., Johnson, T., McElreath, R., Smirnov, O., 2007. Egalitarian 
motives in humans. Nature 446, 794–796. doi:10.1038/nature05651 

Dawkins, M.B., Sloane, S., Baillargeon, R., 2019. Do infants in the first year of life expect 
equal resource allocations? Front. Psychology 10, 116. 
doi:10.3389/fpsyg.2019.00116 

De Haan, M., Johnson, M.H., Halit, H., 2003. Development of face-sensitive event-
related potentials during infancy: a review. International Journal of Psychophysiology 
51, 45–58. doi:10.1016/S0167-8760(03)00152-1 

Decety, J., Yoder, K.J., 2017. The Emerging Social Neuroscience of Justice Motivation. 
Trends in Cognitive Sciences 21, 6–14. doi:10.1016/j.tics.2016.10.008 

DesChamps, T.D., Eason, A.E., Sommerville, J.A., 2016. Infants Associate Praise and 
Admonishment with Fair and Unfair Individuals. Infancy 21, 478–504. 
doi:10.1111/infa.12117 

Deutsch, M., 1975. Equity, Equality, and Need: What Determines Which Value Will Be 
Used as the Basis of Distributive Justice? Journal of Social Issues 31, 137–149. 
doi:10.1111/j.1540-4560.1975.tb01000.x 

Gredebäck, G., Kaduk, K., Bakker, M., Gottwald, J., Ekberg, T., Elsner, C., Reid, V., 
Kenward, B., 2015. The neuropsychology of infants' pro-social preferences. 
Developmental Cognitive Neuroscience 12, 106–113. doi:10.1016/j.dcn.2015.01.006 

Happé, F., Cook, J.L., Bird, G., 2017. The Structure of Social Cognition: 
In(ter)dependence of Sociocognitive Processes. Annu. Rev. Psychol. 68, 243–267. 
doi:10.1146/annurev-psych-010416-044046 

Hoffman, L., 2015. Longitudinal analysis: Modeling within-person fluctuation and change. 
Hudac, C.M., DesChamps, T.D., Arnett, A.B., Cairney, B.E., Ma, R., Webb, S.J., Bernier, 

R.A., 2018. Early enhanced processing and delayed habituation to deviance sounds 
in autism spectrum disorder. Brain and Cognition 123, 110–119. 
doi:10.1016/j.bandc.2018.03.004 

Hudac, C.M., Stessman, H.A.F., DesChamps, T.D., Kresse, A., Faja, S., Neuhaus, E., 
Webb, S.J., Eichler, E.E., Bernier, R.A., 2017. Exploring the heterogeneity of neural 
social indices for genetically distinct etiologies of autism. Journal of 
Neurodevelopmental Disorders 9, 24. doi:10.1186/s11689-017-9199-4 

Ishikawa, M., Park, Y.-H., Kitazaki, M., Itakura, S., 2017. Social information affects 
adults' evaluation of fairness in distributions: An ERP approach. PLoS ONE 12, 
e0172974. doi:10.1371/journal.pone.0172974 

Johnson, T., Dawes, C.T., Fowler, J.H., McElreath, R., Smirnov, O., 2009. The role of 
egalitarian motives in altruistic punishment. Economics Letters 102, 192–194. 
doi:10.1016/j.econlet.2009.01.003 

Leppänen, J.M., Moulson, M.C., Vogel-Farley, V.K., Nelson, C.A., 2007. An ERP study 



INFANT NEURAL CORRELATES OF FAIRNESS Hudac 26 

 

of emotional face processing in the adult and infant brain. Child Development 78, 
232–245. doi:10.1111/j.1467-8624.2007.00994.x 

Liu, D., Sabbagh, M.A., Gehring, W.J., Wellman, H.M., 2009. Neural correlates of 
children's theory of mind development. Child Development 80, 318–326. 
doi:10.1111/j.1467-8624.2009.01262.x 

LoBue, V., Nishida, T., Chiong, C., Deloache, J.S., Haidt, J., 2011. When Getting 
Something Good is Bad: Even Three-year-olds React to Inequality. Soc. Dev. 20, 
154–170. doi:10.1111/j.1467-9507.2009.00560.x 

Lucca, K., Pospisil, J., Sommerville, J.A., 2018. Fairness informs social decision making 
in infancy. PLoS ONE 13, e0192848–14. doi:10.1371/journal.pone.0192848 

McAuliffe, K., Jordan, J.J., Warneken, F., 2015. Costly third-party punishment in young 
children. Cognition 134, 1–10. doi:10.1016/j.cognition.2014.08.013 

Meristo, M., Surian, L., 2014. Infants distinguish antisocial actions directed towards fair 
and unfair agents. PLoS ONE 9, e110553. doi:10.1371/journal.pone.0110553 

Niemi, L., Wasserman, E., Young, L., 2017. The behavioral and neural signatures of 
distinct conceptions of fairness. Social Neuroscience 73, 1–17. 
doi:10.1080/17470919.2017.1333452 

Olson, K.R., Spelke, E.S., 2008. Foundations of cooperation in young children. Cognition 
108, 222–231. doi:10.1016/j.cognition.2007.12.003 

Rawls, J., 1999. A Theory of Justice, 2nd ed. Belknap Press of Harvard University 
Press, Cambridge, MA. 

Reynolds, G.D., 2015. Infant visual attention and object recognition. Behavioural Brain 
Research 285, 34–43. doi:10.1016/j.bbr.2015.01.015 

Reynolds, G.D., Richards, J.E., 2005. Familiarization, Attention, and Recognition 
Memory in Infancy: An Event-Related Potential and Cortical Source Localization 
Study. Developmental Psychology 41, 598–615. doi:10.1037/0012-1649.41.4.598 

Richards, J.E., 2010. The development of attention to simple and complex visual stimuli 
in infants: Behavioral and psychophysiological measures. Developmental Review 
30, 203–219. doi:10.1016/j.dr.2010.03.005 

Richards, J.E., 2003. Attention affects the recognition of briefly presented visual stimuli 
in infants: an ERP study. Developmental Science 6, 312–328. doi:10.1111/1467-
7687.00287 

Richards, J.E., Reynolds, G.D., Courage, M.L., 2010. The Neural Bases of Infant 
Attention. Curr Dir Psychol Sci 19, 41–46. doi:10.2307/41038536?ref=search-
gateway:5c6029b56f65cbbefff580a8946438c2 

Schmidt, M.F.H., Sommerville, J.A., 2011. Fairness Expectations and Altruistic Sharing 
in 15-Month-Old Human Infants 1–7. 

Sloane, S., Baillargeon, R., Premack, D., 2012. Do infants have a sense of fairness? 
Psychological Science 23, 196–204. doi:10.1177/0956797611422072 

Sommerville, J.A., Schmidt, M.F.H., Yun, J.-E., Burns, M., 2012. The Development of 
Fairness Expectations and Prosocial Behavior in the Second Year of Life. Infancy 
18, 40–66. doi:10.1111/j.1532-7078.2012.00129.x 

Surian, L., Ueno, M., Itakura, S., Meristo, M., 2018. Do Infants Attribute Moral Traits? 
Fourteen-Month-Olds“ Expectations of Fairness Are Affected by Agents” Antisocial 
Actions. Front. Psychology 9, 79–5. doi:10.3389/fpsyg.2018.01649 

Tabibnia, G., Satpute, A.B., Lieberman, M.D., 2008. The Sunny Side of Fairness: 
Preference for Fairness Activates Reward Circuitry (And Disregarding Unfairness 
Activates Self-Control Circuitry). Psychological Science 19, 339–347. 
doi:10.2307/40064936?ref=search-gateway:abb6926329b142c3cc593dfc4ac74bf4 

Taylor, M.J., 2002. Non-spatial attentional effects on P1. Clinical Neurophysiology 113, 
1903–1908. doi:10.1016/S1388-2457(02)00309-7 



INFANT NEURAL CORRELATES OF FAIRNESS Hudac 27 

 

Yoder, K.J., Decety, J., 2014. Spatiotemporal neural dynamics of moral judgment: a 
high-density ERP study. Neuropsychologia 60, 39–45. 
doi:10.1016/j.neuropsychologia.2014.05.022 

Ziv, T., Sommerville, J.A., 2017. Developmental Differences in Infants' Fairness 
Expectations From 6 to 15 Months of Age. Child Development 289, 128–1951. 
doi:10.1111/cdev.12674 

 
  



INFANT NEURAL CORRELATES OF FAIRNESS Hudac 28 

 

Supplemental material 
 

I. Parallel analyses of subset of infants with more conservative trial 
threshold: To determine if ERP results were driven by number of epochs 
included in the analysis, we conducted parallel analyses restricted to a more 
conservative threshold of 10 epochs per main condition (i.e., minimum of 10 Fair 
and 10 Unfair).  

a. Supplemental Table 4: Demographic characteristics: From the main 
text analyses, the following infants were excluded due to having less than 
10 epochs per main condition: n = 1 from Study 1(12-month-old Social), n 
= 3 from Study 2 (6-month-old Social), n = 3 from Study 3 (6-month-old 
Non-Social). 

b. Supplemental Table 5: Summary of MLM omnibus effects  
c. Supplemental Table 6. Summary of exploratory MLM omnibus effects  
d. Supplemental Table 7. Summary of exploratory planned comparisons  

 
 

II. Preliminary mixed multilevel models (MLMs): Full results are presented in 
Supplemental Table 2. 

a. Effects of distributor: Infants saw four different actress distributing 
crackers, though the orders of blocks (i.e., the order in which infants 
observed actress) were counterbalanced between infants. There were no 
significant effects of actress for Study 1 or 2. In Study 3, both the Nc and 
LSW exhibited main effects of actress, such that one actress had 
consistently more positive values than the other three actresses. Yet, 
there were no interactions for either component with effects of outcome, 
F’s < 0.51, p’s > .67, or cracker quantity, F’s < 0.68, p > .67. Taken 
together with the fact that there were no effects of actress for the earlier 
components or the same actresses in Studies 1 and 2 (the same raw 
video was used of the distributor), we did not add fixed effects of actress 
to the full-factorial models presented in the main paper.  

 
b. Effects of trial: Due the paradigm design (i.e., 4 trials per each 

distribution video), effects of trial order were tested prior to conducting 
further analyses. There were no significant effects for any experiment or 
component, as noted in Supplemental Table 2.  

  



INFANT NEURAL CORRELATES OF FAIRNESS Hudac 29 

 

Supplemental Figure 1: Electrode locations and grand-average waveforms. 
Components were confirmed via visual inspection of the grand-average waveforms 
across Study 1 and Study 2 (see insets). P100 and P400 components (abbreviated as 
P1 and P4 in inset) were selected from posterior electrodes (GSN net sensors 58, 59, 
65, and 66). Nc and late slow wave (LSW) components were selected from frontal 
electrodes (GSN net sensors 3, 24, 25, 28, 29, 35, 117, 118, 123, and 124). 
Corresponding 10-20 sensor locations for these electrodes are provided in Supplemental 
Table 1. 
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Supplemental Figure 2: Differential effect of fairness discrimination in 12 month 
old infants. Difference scores (Unfair minus Fair) are presented for each component, 
hemisphere, and condition type. Filled bar graphs represent the egregiously unfair 
condition in which 2 crackers are distributed (2:0 versus 1:1). Unfilled bar graphs 
represent the relatively unfair condition in which 4 crackers are distributed (3:1 versus 
2:2). Error bars represent +/- 1 standard error of the mean. 
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Supplemental Figure 3: Schematic depiction of the fairness task. (A) During the 
distribution phase, an actress distributes crackers to the right plate and the left plate with 
a black box occluding the results of the distribution. (B) The structure of the outcome 
phase involved four 3 second outcome epochs preceded by a 1 second fixation. (C) 
Outcome epochs were either Equal (e.g., equal crackers to each recipient, 1:1 or 2:2) or 
Unequal with all (2:0) or a majority (3:1) of crackers to one recipient. 
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List of Supplemental Tables – available as an Excel document upon request. 
 

1. Supplemental Table 1: Electrode locations 
2. Supplemental Table 2: Results of preliminary models for effects of distributor and 

trial order. 
3. Supplemental Table 3. Summary of exploratory MLM omnibus effects for 12 

month old infants (Social context) 
4. Supplemental Table 4. Demographic characteristics for subset with more 

conservative inclusion threshold (10 trials minimum) 
5. Supplemental Table 5. Summary of MLM omnibus effects for subset with more 

conservative inclusion threshold (10 trials minimum) 
6. Supplemental Table 6. Summary of exploratory MLM omnibus effects for subset 

with more conservative inclusion threshold (10 trials minimum) 
7. Supplemental Table 7. Summary of exploratory planned comparisons for subset 
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Supplemental Table 1:  Electrode locations.  
 

    

Components Region Hemisphere GSN sensor Corresponding 10-20 
sensor 

Nc, LSW Frontal Left 24 AF3 
Nc, LSW Frontal Left 25 F3 
Nc, LSW Frontal Left 28 F5 
Nc, LSW Frontal Left 29  

Nc, LSW Frontal Left 35 FC5 
Nc, LSW Frontal Right 3 AF4 
Nc, LSW Frontal Right 124 F4 
Nc, LSW Frontal Right 123 F6 
Nc, LSW Frontal Right 118  

Nc, LSW Frontal Right 117 FC6 
P100, P400 Posterior Left 58 P9 
P100, P400 Posterior Left 59 P7 
P100, P400 Posterior Left 66 PO7 
P100, P400 Posterior Left 65  

P100, P400 Posterior Right 97 P10 
P100, P400 Posterior Right 98 P8 
P100, P400 Posterior Right 85 PO8 
P100, P400 Posterior Right 91   
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Supplemental Table 2: Results of preliminary models for effects of distributor and trial 
order. 
  Effect of distributor Effect of trial order 
Study –  
Age Context Component F-value p-

value F-value p-
value 

1 - 12 m Social P100 F(3, 1850) = 1.92 0.124 F(1, 1864) = 0.61 0.436 
1 - 12 m Social P400 F(3, 1837) = 0.65 0.586 F(1, 1861) = 0.37 0.544 
1 - 12 m Social Nc F(3, 1660) = 0.05 0.987 F(1, 1687) = 3.29 0.07 
1 - 12 m Social LSW F(3, 1660) = 0.62 0.605 F(1, 1679) = 1.37 0.242 
2 - 6 m Social P100 F(3, 1378) = 1.47 0.221 F(1, 1535) = 0.15 0.698 
2 - 6 m Social P400 F(3, 1407) = 1.44 0.23 F(1, 1553) = 0.08 0.776 
2 - 6 m Social Nc F(3, 1454) = 2.18 0.088 F(1, 1527) = 0.59 0.443 
2 - 6 m Social LSW F(3, 1329) = 1.36 0.254 F(1, 1573) = 0.27 0.604 
3 - 6 m Non-Social P100 F(3, 602) = 0.45 0.716 F(1,613) = 0.03 0.873 
3 - 6 m Non-Social P400 F(3, 588) = 2.11 0.098 F(1, 629) = 0.02 0.876 
3 - 6 m Non-Social Nc F(3, 1025) = 14.96 <.0001 F(1, 626) = 2.01 0.157 
3 - 6 m Non-Social LSW F(3, 1258) = 5.15 0.002 F(1, 613) = 1.70 0.193 
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Supplemental Table 3. Summary of exploratory MLM omnibus 
effects    
 Study Study 1 Study 2 

 Age - Context 12 m - Social 6 m - Social 
Component Effect F p F p 

P100 Fairness 15.87 <.0001 0.97 0.3241 
 Quantity 2.43 0.119 2.27 0.1324 

 Fairness x Quantity 2.31 0.129 0.14 0.7121 
 Hemisphere 15.23 <.0001 4.69 0.0305 

 Fairness x Hemisphere 1.31 0.253 2.93 0.087 
 Quantity x Hemisphere 0.39 0.533 0.78 0.3762 

 Fairness x Quantity x Hemisphere 0.18 0.671 1.21 0.2709 
P400 Fairness 4.29 0.038   
 Quantity 1.45 0.229   
 Fairness x Quantity 3.09 0.079   
 Hemisphere 20.49 <.0001   
 Fairness x Hemisphere 0.55 0.458   
 Quantity x Hemisphere 0.57 0.451   
  Fairness x Quantity x Hemisphere 0.26 0.611   
Nc Fairness 0.70 0.402   
 Quantity 0.04 0.836   
 Fairness x Quantity 0.22 0.638   
 Hemisphere 1.19 0.276   
 Fairness x Hemisphere 5.20 0.023   
 Quantity x Hemisphere 0.03 0.856   
 Fairness x Quantity x Hemisphere 0.13 0.722   
LSW Fairness 0.00 0.994   
 Quantity 0.21 0.644   
 Fairness x Quantity 0.49 0.483   
 Hemisphere 0.28 0.596   
 Fairness x Hemisphere 9.47 0.002   
 Quantity x Hemisphere 0.00 0.980   
  Fairness x Quantity x Hemisphere 0.42 0.515   
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Supplemental Table 4. Demographic characteristics for subset with more conservative 
inclusion threshold (10 trials minimum) 
Study Study 1 Study 2 Study 3 
Age - Context 12 m - Social 6 m - Social 6 m - Non-Social 

N 19 19 14 
Female:Male 9:10 7:12 7:7 

Age Mean 
12 months 16 
days 6 months 3 days 

5 months 29 
days 

Age Minimum 12 months 3 days 
5 months 24 
days 

5 months 22 
days 

Age Maximum 
12 months 27 
days 

6 months 15 
days 

6 months 10 
days 

Number of epochs    
Fair/Equal Mean (SD) 24.74 (6.54) 20.37 (6.83) 18.5 (6.1) 
Fair/Equal Range 17-37 11-33 11-29 
Unfair/Unequal Mean (SD) 23.63 (8.24) 19 (5.79) 17.36 (3.37) 
Unfair/Unequal Range 12-37 11-28 13-24 
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Supplemental Table 5. Summary of MLM omnibus effects for subset with more 
conservative inclusion threshold (10 trials minimum) 

 Study Study 1 Study 2 Study 3 

 Age - Context 12 m - Social 6 m - Social 
6 m - Non-

Social 
Component Effect F p F p F p 
P100 Outcome 16.99 <.0001 1.99 0.16 1.37 0.24 

 Hemisphere 13.85 0.000 4.00 0.05 2.06 0.15 

 Outcome x Hemisphere 2.08 0.150 2.36^ 0.13 0.59 0.44 
P400 Outcome 5.48 0.019 0.03 0.85 1.16 0.28 

 Hemisphere 19.11 <.0001 3.55* 0.06 3.71* 0.05 
  Outcome x Hemisphere 1.05 0.305 1.46 0.23 1.14 0.29 
Nc Outcome 2.47 0.116 1.51 0.22 0.14 0.71 

 Hemisphere 2.06 0.151 0.11 0.74 0.34 0.56 
  Outcome x Hemisphere 4.91 0.027 0.08 0.78 0.88 0.35 
LSW Outcome 0.59 0.4432 0.07 0.80 3.76~ 0.05 

 Hemisphere 0.97 0.325 0.49 0.49 2.64 0.10 
  Outcome x Hemisphere 8.11 0.004 0.00 0.96 0.20 0.65 

        
Note: Effects that changed from the confirmatory MLM in the main text are noted by the 
following: 
* = Effect that was significant but is now marginal (p < .1)    
^ = Effect that was signficiant or marginal but now is no longer significant (p > .1)  
~ = Effect that was not significant but now is significant or marginal (p < .05)  

 
  



INFANT NEURAL CORRELATES OF FAIRNESS Hudac 38 

 

Supplemental Table 6. Summary of exploratory MLM omnibus effects for subset with 
more conservative inclusion threshold (10 trials minimum) 

 Study Study 1 Study 2 
 Age - Context 12 m - Social 6 m - Social 

Component Effect F p F p 

P100 Fairness 16.53 <.0001 1.8 0.180 

 Quantity 2.32 0.128 1.22 0.270 

 Fairness x Quantity 4.19~ 0.041 0.08 0.774 

 Hemisphere 13.72 0.0002 3.91 0.048 

 Fairness x Hemisphere 2.17 0.141 2.43^ 0.120 

 Quantity x Hemisphere 1.00 0.317 0.95 0.330 

 Fairness x Quantity x Hemisphere 0.20 0.655 2.06 0.152 
P400 Fairness 5.24 0.022   
 Quantity 1.52 0.218   
 Fairness x Quantity 5.09 0.024   
 Hemisphere 18.91 <.0001   
 Fairness x Hemisphere 1.13 0.288   
 Quantity x Hemisphere 1.46 0.227   
  Fairness x Quantity x Hemisphere 0.37 0.543   
Nc Fairness 2.45 0.118   
 Quantity 0.00 0.974   
 Fairness x Quantity 0.33 0.565   
 Hemisphere 2.09 0.149   
 Fairness x Hemisphere 4.83 0.028   
 Quantity x Hemisphere 0.40 0.530   
 Fairness x Quantity x Hemisphere 0.29 0.588   
LSW Fairness 0.57 0.450   
 Quantity 0.04 0.837   
 Fairness x Quantity 0.46 0.499   
 Hemisphere 1.00 0.316   
 Fairness x Hemisphere 8.05 0.005   
 Quantity x Hemisphere 0.25 0.615   
  Fairness x Quantity x Hemisphere 0.71 0.400   

      
Note: Effects that changed from the confirmatory MLM in the main text are noted by 
the following: 
~ = Effect that was not significant but now is significant or marginal (p < .05)  
^ = Effect that was signficiant or marginal but now is no longer significant (p > .1)  
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Supplemental Table 7. Summary of exploratory planned comparisons 
for subset  
  Study Study 1 Study 2 

  Age - Context 12 m - Social 6 m - Social 
Component Quantity Hemisphere t p F p 
P100 2:0 vs 1:1 Left -1.96 0.050 0.94 0.346 

  Right -0.05 0.960 -1.97 0.049 
 3:1 vs 2:2 Left -3.59 0.000 -0.77 0.440 

  Right -2.56 0.011 -0.90 0.369 
P400 2:0 vs 1:1 Left -0.85 0.396   
  Right 0.81 0.415   
 3:1 vs 2:2 Left -2.51 0.012   
    Right -2.06≈ 0.040   
Nc 2:0 vs 1:1 Left 1.86~ 0.064   
  Right -0.87 0.384   
 3:1 vs 2:2 Left 1.91~ 0.057   
    Right 0.24 0.808   
LSW 2:0 vs 1:1 Left 1.87~ 0.062   
  Right -1.79* 0.073   
 3:1 vs 2:2 Left 1.72~ 0.085   
    Right -0.28 0.778   
       
       
Note: Effects that changed from the confirmatory MLM in the main text are noted 
by the following: 
* = Effect that was significant but is now marginal (p < .1)   
~ = Effect that was not significant but now is significant or marginal (p < 
.05)  
≈ = Effect that was marginal but now is significant (p < .05)   

 
 

 

 

 


