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ABSTRACT*
This* study* quantifies* the* fairness* bias* in* relation* to* decision* by* a* stimulusL
response* function* using* a* relativistic* fairnessLequity* model.* The*
interrelationship* between* fairness* and* decision* is* quantified* by* using* an*
Ultimatum*Game* (UG)*experimental*paradigm* in*human* subjects.*The* results*
showed* that* the* fairness* perception* is* shifted* upward* (toward* a* higher*
positive*fairness*baseline*in*the*yLintercept*of*the*stimulusLresponse*function)*
for* acceptance* trials,* without* changing* the* slope* (which* corresponds* to* the*
fairness* sensitivity).* * On* the* other* hand,* the* fairness* perception* is* shifted*
downward* (toward* a* negative* fairness* baseline* in* the* yLintercept)* for* the*
rejection* trials.* *The*analysis*also*showed* that* the* fairness*crossover*point* is*
shifted*to*the*left*for*the*acceptance*trials,*while*the*fairness*crossover*point*is*
shifted*to*the*right*for*the*rejection*trials.**The*analysis*also*showed*that*there*
is* a* singularity*point,* in*which* the*most* equitable*offer* (evenLsplit)* is* always*
considered* as* the* fairest,* even* when* they* rejected* the* offers.* * This* absolute*
equity*is*rated*as*the*fairest*(even*fairer*than*any*of*the*hyperLequitable*offers)*
independent*of*whether*the*subjects*decided*to*accept*or*reject*the*offers.*The*
changes* in* fairness* perception* are* quantified* by* the* shifting* of* the* stimulusL
response* curve* up/down* (changing* the* fairness* baseline)* or* left/right*
(changing* the* fairness* leniency),* without* changing* the* slope* (the* fairness*
sensitivity),*when*the*decision*is*made*to*accept*or*reject*the*offers.*

!
Keywords:* Fairness* bias;* equity;* egalitarianism,* monetary* gain;* ultimatum*
game;*decision.*

!!
INTRODUCTION*

Fairness!is!one!of!the!many!social!interactions!that!has!been!studied!extensively!to!understand!
how!it!affects!behavior![1<12].!!It!is!also!affects!behavior!in!economic!transaction![13<16],!and!
distributive!justice![17<19].!!Fairness!is!one!of!the!high<level!cognitive!concepts!used!not!only!
in!humans,!but!also!in!primates![20]!to!compare!and!contrast!the!differences!in!how!we!treat!
others,! and! how!we!want! to! be! treated! by! others.! ! Thus,! it! is! important! to! determine! how!
fairness!is!computed,!so!that!the!biases!in!fairness!perception!can!be!quantified,!especially!in!
relation!to!decision,!i.e.,!how!fairness!bias!can!affect!decision!in!social!interactions.!

*
LITERATURE*REVIEW*

FairnessLEquity*Models*
Most!of!the!computational!models!of!fairness![21<29]!are!based!on!the!measure!of!equity.!!Most!
of! these!models! are!derived!based!on! the! economic! game! theories! in!monetary! gain! [15<18,!
30],! especially! the! inequity! aversion! model! [16]! to! avoid! unfairness! or! using! mutual<max!
optimization![15]!to!achieve!equity.!!These!models!may!account!for!economic!transaction,!but!
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they!may!not!adequately!account!for!the!behaviors! in!social! interactions.! ! It! is!because!social!
interactions!are!not!always!driven!by!maximizing!personal!gains,!but!the!comparison!between!
self!and!others!with!self<regarding!and!other<regarding!concerns!(when!humans!do!not!live!in!
isolation! by! themselves,! but! live!with! the! interactions!with! others).! ! The! inclusion! of! other<
regarding!concerns!can!change! the!dynamics!of! interactions!and!can!affect! the!perception!of!
fairness! when! the! frame! of! reference! in! the! comparison! is! switched,! as! proposed! in! our!
relativistic!fairness<equity!model![31<33].!
!
Relativistic*FairnessLEquity*Model*
The!companion!paper![33]!has!introduced!the!relativistic!fairness<equity!model!to!compare!the!
difference!based!on!a! self<centered!or!other<centered! frame!of! reference.! !By! taking! into! the!
account! the! relative! difference! between! self! and! others,! it! can! account! for! the! relativistic!
difference! between! what! is! fair! for! one! person! is! unfair! for! another,! when! the! frame! of!
reference! is! switched! from!self! to!others.! !For! instance,!what! is!unfair! to!me! is!hyper<fair! to!
you,!if!fairness!is!assessed!by!switching!the!frame!of!reference!—!from!a!self<centered!frame!of!
reference! to! an! other<centered! frame! of! reference.! ! If! the! comparison! is! inclusive! of! both!
parties,!then!a!global!frame!of!reference!is!used!instead!of!a!local!frame!of!reference,!which!also!
alters!the!assessment!of!fairness.!!Thus,!fairness!can!be!biased!by!a!frame!of!reference!used!in!
computing!the!disparity!between!the!parties.!!Such!change!in!frame!of!reference!can!affect!the!
perception! of! fairness,! which! can! also! affect! the! decision! to! accept! or! reject! the! social!
interactions.!
!
Quantification*of*Fairness*relative*to*Decision*
As!described!in!the!companion!paper![33],!fairness!perception!can!be!quantified!by!a!stimulus<
response! function.! ! The! relativistic! fairness<equity! model! can! now! be! used! to! address! the!
relationship! between! fairness! and! decision! quantitatively,! by! describing! how! fairness!
perception! is! biased! by! the! shifting! of! the! stimulus<response! curve! relative! to! the! selected!
frame!of!reference![32].!!More!specifically,!if!the!perception!of!fairness!is!changed!from!unfair!
to!fair!by!switching!the!frame!of!reference,!then!the!decision!to!accept!or!reject!an!offer!could!
be! changed! also.! ! The! ability! to! quantify! fairness! based! on! the! stimulus<response! function!
allows!us!to!determine!exactly!how!fairness! is!biased! in!making!these!decisions.! ! In!order!to!
validate!this!hypothesis,!we!use!the!classic!Ultimatum!Game![13,!22,!26,!34<36]!to!determine!
the!factors!that!may!contribute!to!these!biases,!and!how!they!can!affect!the!social!dynamics.!
!
Ultimatum*Game*Experimental*Paradigm*
Ultimatum!Game!(UG)!is!one!of!the!most!widely!used!experimental!paradigms!to!assessing!the!
relationship!between! fairness!and!decision! in!behavioral! sciences! [13,!22,!26,!34<36].! ! It! is!a!
cognitive!task!used!to!determine!the!factors!affecting!the!decision<making!process,!which!can!
be!dependent!on!how!the!human!subject!perceives!whether!the!offer!is!fair!or!not.!!The!task!is!
a!game!in!which!a!sum!of!money!(such!as!$10)!is!divided!between!two!parties.!!The!proposer!
offers! a! part! of! the! money! (such! as! $2)! to! the! responder,! while! keeping! the! remaining! for!
himself/herself! (such!as!$8).! !The!responder! is!given! the!choice! to!accept!or!reject! the!offer.!!
The! rule! is! that! if! the! responder! accepts! the! offer,! both! parties! keep! the! money.! ! If! the!
responder!rejects,!both!parties!lose!the!money.!
!
Numerous! studies! had! shown! that! the! decision! to! accept! or! reject! an! offer! in! UG! is! often!
dependent! on! the! fairness! perception! [5,! 8<12,! 37<39].! ! The! neurobiological! substrates!
involved!in!fairness!that!affects!decision!are!also!well!documented![2<4,!6,!7,!40].!!Not!only!do!
humans! reject! unfair! offers,! monkeys! also! reject! unfair! offers! [20].! ! This! shows! that! the!



!

!
!

Advances!in!Social!Sciences!Research!Journal!(ASSRJ)! Vol.1,!Issue!4,!July!<!2014!

Copyright!©!Society!for!Science!and!Education,!United!Kingdom* 171!

observable!behavioral!outcomes!of!unfair!treatments!are!conserved!across!different!species!of!
higher!animals.!!
!
Objectives*
The!objective!of!this!study!is!to!quantify!the!relationship!between!fairness!and!decision!using!
the!UG!experimental!paradigm,! so! that!we! can!assess! the! interrelationship!between! fairness!
and! decision! in! social! interactions.! ! Specifically,! we! will! address! the! hypothesis! that! the!
decision!to!accept!or!reject!a!fair/unfair!offer!is!logically!consistent!with!how!fairness!is!biased!
based!on!the!relative!frame!of!reference!rather!than!some!predefined!social!norms.!!To!test!the!
above! hypotheses! of! fairness! bias,! we! use! stimulus<response! function! to! determine! how!
fairness!bias!(if!exists)!is!shifted/skewed!relative!to!the!equity!measure!graphically.!
!

METHODS*
Experimental*Paradigm*
Healthy!human!volunteers!were!recruited!to!participate!in!this!UG!study.!!The!human!subjects!
were!asked! to!play!as! the! responders! in!UG! to!decide!whether! to!accept! or! reject,!while! the!
computer! played! as! the! proposer! to! present! the! monetary! offer! to! the! responders! on! the!
computer! screen.! ! The! computer! offer!was! used! as! the! proposer,! since! it! is! known! that! the!
perception!of!a!human!proposer!vs.!a!computer!proposer!could!bias!the!fairness!perception!of!
the!subjects!in!UG![8,!37].!!We!did!not!use!any!deception!or!confederates!to!alter!the!subject’s!
fairness! perception,! so! there! were! no! experimental! manipulations! of! the! subject’s! fairness!
perception.!!The!experiments!were!done!by!the!subjects!without!any!time!pressure.!
!
Nine!randomized!offers!were!proposed! in! the!experiment!—!ranging! from!$1! to!$9,!without!
repeating!the!same!offer!(i.e.,!one<shot!trial).!!The!offer<ratios!ranged!from!$1!:!$9!(stingy!offer)!
to! $9! :! $1! (generous! offer),! which! were! presented! in! random! orders.! ! After! the! responder!
accepted!or!rejected!the!offer,!the!subject!was!asked!to!rate!how!fair!the!offer!was!to!them!(in!a!
scale! of! +5! to! –5! Likert! scale! [41]).! ! The! subject! was! also! asked! to! rate! other! attributes!
(including! how! important! fairness! is;! how! important! money! is;! how! important! winning! is;!
whether!they!won!the!trial;!in!addition!to!other!emotions:!happy,!angry,!sad!and!jealous!using!
the! same! rating! scale).! ! The! list! of! attributes! served,! in! part,! as! distracters! to! reduce! the!
likelihood! of! skewing! their! responses! to! what! they! assume! the! experimenter! expects! from!
them.!
!
The!same!pseudo<random!sequence!of!monetary!offers!was!used!for!all!subjects!by!design,!so!
that! the! experimental! conditions!were!uniform!across! all! subjects! to! ensure! consistency.! ! In!
order! to! quantify! the! fairness! biases,! we! specifically! measured! the! subject’s! self<reported!
ratings! by! design,! because! they! represented! the! subject’s! own! perception,! filtered! through!
their!own!subjective!biases.!!By!using!the!self<reported!rating!of!fairness,!if!bias!existed!in!their!
fairness!perception,! that!bias!would!be! reported!as! a! skewed! response,! so! the!bias! could!be!
revealed! and! uncovered! in! the! analysis.! ! The! study! was! approved! by! the! University!
Institutional!Review!Board!(IRB),!and!informed!consent!was!provided!prior!to!the!beginning!of!
the!experiment.!
!

RESULTS*
Data!were!collected!from!425!human!subjects!(age!ranging!from!18!to!80,!median!=!21;!mean!=!
22.3;!SD!=!4.7;!275!female,!150!male).!!Figs.!1!and!2!show!the!self<reported!fairness!ratings!of!
all! the! subjects! with! respect! to! the! offer<ratios! (sorted! from! the! original! randomized! offer<
ratios).!!Fig.!1!shows!the!stimulus<response!function!of!the!acceptance!trials,!while!Fig.!2!shows!
the!stimulus<response!function!of!the!rejection!trials.!
!
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Note! that! the! same! subject! could! accept! one! offer! (such! as! $8! :! $2),!while! rejecting! another!
offer!(such!as!$3!:!$7).! !Thus,!Fig.!1!includes!all!the!acceptance!responses!for!a!specific!offer<
ratio;!and!Fig.!2!includes!all!the!rejection!responses!that!a!subject!rejected.!!This!means!that!the!
responses!of!the!same!subject!can!be!represented!in!both!Figs.!1!and!2,!depending!on!whether!
the!decision!is!to!accept!or!reject!a!particular!offer.!!Therefore,!the!stimulus<response!functions!
in! Figs.! 1! and! 2! are! representative! of! the! overall! generalized! population,! rather! than! the!
individual!response!of!any!specific!person.!
!
Fairness*Perception*in*Acceptance*Decision*
Fig.!1!shows!the!fairness!stimulus<response!graph!of!the!acceptance!trials.!!The!regression!line!
(r!=!0.967;! r2!=!0.935)!shows!a!proportionality! relationship!between! the! fairness!rating!and!
the!offer<ratios.!!This!suggests!that!the!perception!of!fairness!is!proportional!to!the!equity<ratio!
between!the!two!parties.!!The!fairness!crossover!threshold!is!at!offer<ratio!=!$2.5!:!$7.5.!!That!
is,!it!takes!a!minimum!of!a!$2.5!offer!for!the!subject!to!consider!the!offer!as!neutrally!fair.!!An!
offer!below!$2.5!is!considered!unfair,!and!a!proposal!above!$2.5!is!considered!fair,!as!long!as!
the!subject!accepts!the!offer.!
!
Note!that,!interestingly,!even!though!we!never!offered!specifically!the!offer<ratio!of!$2.5!:!$7.5!
in! the! experiment,! the! stimulus<response! function! revealed! the! exact! crossover! point! for!
fairness.!!(We!either!offered!$2!:!$8!or!$3!:!$7!only.)!!This!shows!that!quantifying!the!fairness!
perception!by!the!stimulus<response!graph!allows!us!to!determine!the!exact!fairness!crossover!
point!for!the!human!subjects!to!consider!the!offer!as!fair.!
!
Most!importantly,!the!stimulus<response!graph!shows!a!singularity!point!at!offer<ratio!=!1.!!The!
fairness!rating!at!offer<ratio!=!$5!:!$5!is!the!highest.!!In!fact,!it!is!twice!as!fair!(fairness!rating!=!
3.7)! as! the! extreme! hyper<fair/hyper<equitable! $9! :! $1! offer! (fairness! rating! =! 1.7).! ! The!
fairness!rating!for!the!absolute!equity!offer!could!have!been!rated!at!a!fairness!rating!of!0.8,!if!
the!regression!line!is!used!to!interpolate!the!data.!!Thus,!it!reveals!two!interesting!phenomena:!
!

!
Figure) 1:.) ) StimulusEResponse) Graph) of) Fairness) vs.) OfferE

Ratios) for) Acceptance) Trials.) ) CurveEfitting) is) done) by)

regression) for) all) data) points) (excluding) singularityEpoint) at)

offerEratio)=)0).) ) It) shows)a) linear)proportionality) relationship)

between)fairness)rating)and)offerEratio.))Note)that)the)fairness)

rating)at) absolute) equity) (offerEratio)=)1)) is) the)highest,) even)

higher) than) the) hyperEfair) offers) (offerEratio)>)1).) ) The) error)

bar)represents)standard)error)of)mean)(SEM).$

!
Figure)2:))StimulusEResponse)Graph)of)Fairness)vs.)OfferERatios)

for)Rejection)Trials.) )CurveEfitting)is)done)by)regression)for)all)

data) points) (excluding) singularityEpoint) at) offerEratio)=)0).) ) It)

also) shows) a) linear) proportionality) relationship) between)

fairness)rating)and)offerEratio.))Note)that)the)fairness)rating)at)

absolute)equity)(offerEratio)=)1)) is)still)the)highest,)even)when)

the) human) subject) rejected) the) offer.) ) It) is) even) higher) than)

the)hyperEfair)offers)(offerEratio)>)1).)
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First,!the!subject!reported!that!the!fairest!offer!is!at!absolute!equity!($5!:!$5).! !They!consider!
this! equitable! offer! to! be! more! fair! than! any! other! hyper<equitable/hyper<generous! offers.!!
That!is,!equality!between!two!parties!is!considered!more!fair!than!any!hyper<generous!offers.!!
This!is!counter<intuitive!if!the!equity!is!the!only!measure!used!to!determine!fairness,!because!
absolute! equity! (offer<ratio! =! 0)! is! more! fair! than! hyper<equitable/hyper<generous! offers!
(offer<ratios!>!1).!
!
To!account! for! this! singularity!point!at!absolute!equity,! the!relativistic! fairness<equity!model!
captures!this!phenomenon!by!switching!from!the!self<centered!frame!of!reference!in!evaluating!
fairness! to! the! other<centered! frame! of! reference.! ! If! the! self<centered! frame! of! reference! is!
used,! the! interpolation! of! the! data! points! in! the! regression! line! suggests! that! the! human!
subjects!could!have!rated!the! fairness!rating!at!0.8! for!the!offer<ratio!of!$5! :!$5.! ! Instead,! the!
subjects!actually!rated!it!at!3.7,!almost!four!times!higher!than!predicted!self<centered!fairness!
rating.!!This!suggests!that!the!subject!switched!from!the!self<regarding!concerns!to!the!other<
regarding!concerns!in!social!interactions.!
!
When!the!self<centered!frame!of!reference!is!used,!what!is!hyper<equitable!!(offer<ratios!>!1)!to!
one!person!is! inequitable!(offer<ratios!<!1)!to!the!other!person!in!comparison.! !Therefore,!by!
switching!the!frame!of!reference!in!evaluating!fairness,!the!dilemma!of!optimizing!fairness!for!
both!can!be!resolved!at!absolute!equity!(offer<ratio!=!1).!!That!is,!when!the!offer!is!$5!:!$5,!it!is!
both! equitable! and! fair! for! both! parties.! ! It! is! no! longer! fair! for! one! person,! but! unfair! for!
another!person.! !This! indicates!that!human!subjects!switched!from!a!subjective!self<centered!
frame!of!reference!to!an!objective!other<centered!frame!of!reference!that! is! inclusive!of!both!
self!and!others.!
!
Second,!the!stimulus<response!graph!shows!that!the!fairness!crossover!point!is!not!centered!at!
the! axes<origin! (offer<ratio! =! $5! :! $5),! but! at! offer<ratio! =! $2.5! :! $7.5.! ! This!means! that! the!
fairness<equity!curve!is!shifted!to!the!left!—!to!a!more!lenient!consideration!—!to!accept!stingy!
offers,!by!taking!into!account!the!other<regarding!concerns,!when!evaluating!what!is!fair,!and!
what!is!not!fair.!
!
The!above!two!exceptions!to!the!self<centered!rule!in!fairness!consideration!indicate!that!the!
human!subjects!used!both! self<centered!and!other<centered! frames!of! reference! in! assessing!
what!is! fair!and!what!is!not!fair.! !The!data!strongly!suggests!that!the!human!subjects!did!not!
simply!use!the!equity!measure!—!whether! it! is! inequitable!or!hyper<equitable!—!as!the!only!
measure! for! fairness! assessment.! ! Instead,! the! subjects! included! the! relativistic! nature! of!
fairness! by! considering! both! self<centered! and! other<centered! frames! of! reference! in! the!
fairness!assessment.!
!
Fairness*Perception*in*Rejection*Decision*
Fig.!2!shows!the!fairness!stimulus<response!graph!for!the!rejection!trials.!!The!regression!line!
(r!=!0.947;!r2!=!0.896)!also!shows!a!proportionality!relationship!between!the! fairness!rating!
and! the! offer<ratios,! similar! to! the! acceptance! trials! (see! Fig.! 1).! ! The! difference! is! that! the!
fairness! curve! is! shifted!down!relative! to! the!acceptance! curve.! !The!y<intercept!at! the!axes<
origin!(at!offer<ratio!=!1)!shifted!down!from!the!fairness!rating!of!0.8!(for!acceptance!trials!in!
Fig.!1)!to!–2.0!(for!rejection!trials!in!Fig.!2).!!The!fairness!perception!changed!from!a!positive!to!
a!negative!value.! !There!is!a!28%!reduction!in!fairness!perception!(a!2.8!point!reduction!in!a!
10<point! rating! scale! of! fairness)! for! the! decisions! accepting! the! offers! vs.! the! decisions!
rejecting! the! offers.! ! The! baseline! fairness! is! shifted! up! to! a! more! fair! perception! for! the!
acceptance! trials,!while! the!baseline! fairness! is! shifted!down! to! an!unfair! perception! for! the!
rejection!trails.! !This!indicates!the!change!in!the!baseline!fairness!level!that!is!more!fair!if!the!
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human!subjects!accepted!the!offer!vs.!a!change!in!the!baseline!fairness!level!that!is!more!unfair!
if!the!subjects!rejected!the!offer.!
!
Note! that! the! fairness! crossover! point! is! shifted! to! the! right! (Fig.! 2)! for! the! rejection! trials,!
instead! of! being! shifted! to! the! left! (Fig.! 1)! for! the! acceptance! trials.! ! The! crossover! point! is!
shifted! to! the! offer<ratio! of! beyond! $9! :! $1! (indicating! greediness)! for! the! rejection! trials!
compared! to! the! crossover! point! at! offer<ratio! of! $2.5! :! $7.5! (indicating! leniency).! ! This!
indicates! that! for!acceptance! trials,! the! fairness!stimulus<response!curve! is!shifted! to! the! left!
(to!more!leniency);!while!for!rejection!trials,!the!stimulus<response!curve!is!shifted!to!the!right!
(to!more! greediness).! ! Thus,! the! stimulus! response! function! revealed! the! change! in! fairness!
perception!to!become!more!lenient!(crossover!point!shifts!to!the!left)!if!the!subjects!accepted!
the!offer!vs.!the!change!in!fairness!perception!to!being!greedier!(crossover!point!shifts!to!the!
right)!when!the!subjects!rejected!the!offer.!
!
Note! that! the! slope! of! the! fairness! stimulus<response! function! (which! represents! fairness!
sensitivity)!remains!rather!constant!for!both!decisions.!!The!slope!of!0.319!for!the!acceptance!
trials! (regression! line:! y! =!0.319x!+!0.771,! see! Fig.! 1)! is! essentially! the! same! as! the! slope!of!
0.318! for! the! rejection! trials! (regression! line:! y! =! 0.318x! –! 1.975,! see! Fig.! 2).! ! The! only!
difference!between!the!fairness<equity!curves!in!Figs.!1!and!2!is!the!y<intercept,!representing!a!
shifting! of! the! curve! down! in! fairness! perception,! without! changing! the! fairness! sensitivity!
(represented!by!the!slope!of!the!stimulus<response!function).!
!
This! suggests! that! the! decision! to! accept! or! reject! an! offer! only! affects! the! baseline! level! of!
fairness!perception!without!affecting! the! fairness!sensitivity.! !This!shows!that! the!relativistic!
fairness<equity! model! can! account! for! the! fairness! biases! quantitatively! by! the! fairness!
stimulus<response! function.! ! It! delineates! not! only! the! amount! of! bias,! but! also!whether! the!
bias!is!due!to!a!change!in!sensitivity!changes!or!a!change!in!baseline.!
!

DISCUSSIONS*
The!analysis!shows!that!the!fairness!perception!is!related!to!the!decision!to!accept!or!reject!the!
offer.! !Quantification!of!fairness!by!the!stimulus<response!function!shows!that!the!perception!
of! fairness! changes! with! respect! to! the! decision.! ! Although! the! UG! experiment! does! not!
differentiate!whether!fairness!alters!the!decision!or!decision!alters!the!fairness!perception,! it!
shows!an!interrelationship!between!fairness!and!decision.!!That!is,!the!subjects!changed!their!
baseline! fairness! perception! (represented! by! a! shift! in! y<intercept)! without! changing! the!
fairness! sensitivity! (represented! by! keeping! the! slope! constant! in! the! stimulus<response!
function)!when!the!decision!changed!from!acceptance!to!rejection.!!This!delineates!the!specific!
fairness!bias! in!relation! to!decision! that! is!due! to!a!change! in!baseline! fairness! level,!but!not!
fairness!sensitivity.!!That!is,!the!subjects!responded!with!the!same!sensitivity!to!fair!or!unfair!
offers,!but!perceived!the!offers!as!more!fair!(higher!baseline!fairness!level)!when!they!decided!
to!accept!them!than!when!they!rejected!them.!!Thus,!the!fairness!bias!related!to!decision!lies!in!
the!change!in!baseline!fairness!perception!rather!than!a!change!in!the!sensitivity.!
!
The! quantitative! analysis! of! the! stimulus<response! function! also! reveals! how! the! fairness<
equity! curve! is! shifted,! depending!on! the!decision.! ! Specifically,!when! the! fairness! crossover!
point! is! shifted! to! the! left,! then! the! fairness! bias! is! quantified! as! being! lenient.! ! When! the!
fairness! crossover! point! is! shifted! to! the! right,! then! the! fairness! bias! is! quantified! as! being!
greedy.! !At! the!same!time,! if! the!slope!of! the!fairness<equity!curve!does!not!change,! it!means!
that!there!is!no!bias!in!the!fairness!sensitivity,!i.e.,!the!human!subjects!did!not!become!more!or!
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less!sensitive!to!fairness!when!they!accepted!or!rejected!to!the!offers,!respectively.! !The!only!
difference!between!the!fairness!perception!related!to!the!acceptance!and!rejection!decisions!is!
the! shifting! of! the! fairness<equity! curve! up! or! down,! and! left! or! right,!without! changing! the!
slope.!
!
The!bias!in!fairness!perception!related!to!decision!could!possibly!be!related!to!the!assumption!
or!questioning!of!whether!the!responders!were!entitled!to!the!money!to!start!out!with.!!That!is,!
if!the!responders!assumed!that!it!is!free!money,!then!gaining!any!money!would!be!more!than!
fair,! because! they! are! not! entitled! to! the! money! to! start! out! with.! ! But! if! the! responders!
assumed!that!they!have!the!rights!to!claim!money!(i.e.,!the!money!belongs!to!them)!before!the!
money!was!offered,!then!sharing!that!pot!of!money!with!the!proposer!who!is!not!entitled!to!it!
would!be!unfair.! !Furthermore,! if! the! responders!assumed! that!neither!one! is!entitled! to! the!
money!to!start!out!with,!when!the!proposer!offered!to!share!the!money!between!them,!then!it!
would!be!generous!of!the!proposer!to!offer!the!money!to!them.!!As!a!response!to!the!kindness,!
they!would!be! lenient! to! the!offer!by!considering!slightly! inequitable!offer!as! fair! (e.g.,!offer<
ratio!=!$3! :!$7,!by!shifting!the! fairness!crossover!point! to! the! left).! !This!also!can!explain! the!
shifting!of!the!fairness!crossover!point!to!beyond!$9!:!$1!(indicating!greediness!by!shifting!the!
fairness!crossover!point!to!the!right),! if! the!responders!assumed!that!they!are!entitled!to!the!
money,!but!the!proposer! is!not.! !Thus,! this!analysis!shows!that!the!fairness!perception!is!not!
necessarily! solely! determined! by! the! equity! measure! or! by! inequity! aversion,! but! by! the!
consideration!of!self<regarding!and!other<regarding!concerns,!whether!they!are!entitled!to!the!
share!that!the!proposer!is!offering.!
!
This!also!suggests!that!the!subjects!did!respond!to!the!offer!rationally!without!being!irrational!
in! their!decision,!when! the!difference! in! the!response! is! the!change! in! fairness!bias.! !That! is,!
their! decisions! are! logically! consistent! with! the! fairness! perception,! without! any! logical!
inconsistency.! ! It! is!only!when!equity/inequity! is!used!as! the!sole!measure! to!maximize!self<
gain,!that!it!would!be!irrational!if!they!throw!away!the!money!by!rejecting!the!offers.!!This!is!in!
contrast! to!the!assumptions!that! the!rejection!decisions!are! irrational! in!other!UG!studies![8,!
42,!43].!
!
The!rejection!decision!may!not!necessarily!be!related!to!altruistic!punishment,!as!other!studies!
had! shown! that!when! the! UG! paradigm! is!modified! slightly! to! use! the! rule! in! the! Impunity!
Game!(IG)![39,!44]!that!if!the!responder!rejects!the!offer,!only!the!responder!loses!the!money!
while!the!proposer!still!keeps!the!money.!!In!this!case,!the!responders!cannot!possibly!punish!
the!proposer!when!they!reject! the!offer;! they!can!only!punish!themselves.! !Even!under!these!
conditions! in! the! IG! experiments,! the! responders! still! rejected! the! inequitable! offers! in! IG,!
although!the!rejection!rate!is!about!half!of!that!in!UG![39].!!The!50%<chance!rejection!threshold!
for!inequitable!offers!is!similar!to!other!reported!rejection!thresholds!at!below!offer<ratio!=!2!:!
8!for!UG!and!IG;![36,!39,!45].!!This!suggests!that!their!decision!is!more!related!to!fairness!than!
punishing!the!proposer.!!Altruistic!punishment!may!happen!to!be!an!idiosyncratic!side!effect!of!
the!UG!paradigm,!when!the!responder!rejects!the!unfair!offer,!because!it!is!a!forced<choice!to!
punish! the! proposer! when! rejecting! the! offer.! ! The! UG! game<rule! does! not! allow! for! non<
punishing!behavior!on! rejection.! ! This! results! in! a! forced!mutual<min! (mutually!destructive)!
outcome,! if! the! responder! rejects,! and! mutual<max! (cooperative)! outcome! if! the! responder!
accepts,!but!nothing!in!between![15].!
!
The!neurobiological!basis!of!fairness!assessment!and!decision<making!were!identified![8,!43],!
which!also!support!the!neurological!computation!of!fairness!rather!than!an!acquired!behavior.!!
The!neural!circuitries!associated!with!fairness!preference!when!accepting!an!equitable!offer!in!
UG! are! identified! to! be! involved! in! the! ventral! striatum,! amygdala,! vmPFC! (ventromedial!
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prefrontal!cortex),!and!orbitofrontal!cortex!(OFC)![3].!!But!the!acceptance!of!inequitable!offers!
is!not!associated!with!increased!activity!in!these!reward<related!brain!areas,!but!an!increase!in!
right! VLPFC! (ventral! lateral! prefrontal! cortex)! activation,! and! a! decrease! in! insular! cortex!
activity![3].!!The!rejection!decision!in!UG!is!related!to!the!vmPFC![43].!!This!suggests!fairness!is!
processed! relatively! automatically,! and! is! innately! driven! by! the! reward! circuitry,! whereas!
unfairness!aversion!is!driven!more!by!a!more!cognitive<process!via!different!neural!circuitries.!!
The! fronto<striatal<thalamic! network! (consisting! of! the!medial! frontal! gyrus,! anterior! insula,!
ventral! striatum,! and! dorsomedial! thalamus)! is! modulated! by! complex! categorization!
uncertainty! [46].! This! neural! circuitry! may! play! a! role! in! disambiguating! the! difference!
between! equity! and! fairness! and! summaries! the! interrelationship! between! fairness! and!
decision.!
!

CONCLUSION*
This! study! showed! that! fairness! perception! and! fairness! biases! can! be! quantified! by! the!
stimulus<response! function! in! relation! to! the! decisions! using! the! relativistic! fairness<equity!
model.! ! Using! the! UG! paradigm,! the! interrelationship! between! fairness! and! decision! is!
quantified! by! the! fairness! stimulus<response! function.! ! Specifically,! fairness! perception! is!
biased! toward! a! higher! positive! fairness! baseline! value! when! the! subjects! accept! the! offer!
compared! to! the! rejection! decision! (by! shifting! the! baseline! of! the! fairness<equity! curve,!
without! changing! the! slope!of! the!curve).! !Furthermore,! the!analysis!also!quantified! that! the!
fairness!crossover!point!is!shifted!to!the!left!or!right!according!to!the!acceptance!and!rejection!
decision,!respectively.! !This!suggested!that! the!decision!to!accept! the!offer! is!associated!with!
leniency! by! considering! inequitable! offers! as! fair;! while! the! decision! to! reject! the! offer! is!
associated!with! greediness! by! considering! hyper<equitable! offers! as! unfair.! ! The! relativistic!
fairness<equity!model! can! account! for! the! singularity! point! that! absolute! equity! is!more! fair!
than!any!hyper<equitable!offers!by!including!both!self<centered!and!other<centered!frames!of!
reference! in! fairness!assessment! [33].! ! It! also!accounts! for! the!shifting!of! the! fairness<equity!
curves!up/down!and!left/right!according!to!the!decision!to!accept!or!reject,!relative!to!the!self<
centered! and! other<centered! frames! of! reference! in! the! fairness! considerations! that! include!
self<regarding!and!other<regarding!concerns.!
!
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