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ONLINE APPENDIXA. Generalizing Tversky and Kahne
constant sensitivity and wusing it to simpl
rationalization.

There is strong expienental and empirical support for loss aversion, wherefgrence
dependenpreferences ammoresensitive to changes below a reference point than to equal changes
above it (Kahneman and Tversky 19T9ersky and Kahneman 199Gpette, GraebeKellogg, and
Sprenger 20200Ne b egin with a nonparametric general i z
pp. 10471048) definition for the twagood case to the mulgjood case. Like Tversky and Kahneman
we assume constant sensitivity, but we relax thgsumption of additive separability across goods.

(The idea of loss aversion is still well defined with variable sensitivity, but formalizing it then is

more complex, and Propositions 2 and 3 show that it is then nonparametrically irrefutable anyway.)

DEFINITION Al: [Preferences with constant sensitivity and loss avergion

Assume thatreferencedependent preferences arah associated utility

functiond ah» have constant sensitivib collection of regime preferences

over consumption bundles saiesf loss aversionif and only if, for any

observation mshah» , thepr ef er ence or dethanseg®s gl obal
weakly contained irach regimereference r d e r i nbgtéegharset ata |

the same observation.



FigureAl. Loss aversion withree active reference point
(solid curves for the loss indifference map, dashed curves for the gain map)
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Figure Al illustrates loss aversion with one active reference point and twtngairegimes. ass
aversion is a property of the relationship betweengi mes 6 pref erences over
hence independent of reference points. Becag$@ibon Al6 s nesting of Focal é
than sets must hold throughout commodity space, global loss avisrsigmivalent to requiring that
the regine indifference maps satisfy a global singtessing property: & any observatiorgcross
regimes that differ only in the galoss status of gooid the lossside marginal rates of substitution
between goodand any other good (generalized as neededdodifferentiable preferences) must
be weakly more favorable to goothan the gairside marginal rates of substitution. (Thus,
neoclassical preferences are weakly loss averse.) It is this-snogleng property, not the kinks in
global indifferencemps t hat it creates, that shapes | oss
which may be testable with finite dataods aversion precludesnconvex kinks, so if all regime
maps have convebetterthan setsthen so do the associated global maps.

CorollaryAl s hows that GARP for each regi meldd3s obs
aversion arasufficient fora rationalizationThe literature viewsdss aversion as an empirically well
supported assumption with important behavioral implicationsnbuas one that is linked to the
existencef a referencelependent rationalization, but Corollary A1 makes it part of one plausible

set of sufficient conditions for such a rationalization.

COROLLARYAL: [Rationalization with modelableeference points via preferences

with constant sensitivity that satisiycondition weaker thaloss aversion.suppose
thatreferencedependent preferences atefined over KO gdods, thateference
dependence is active for all K goods, that the pegfees satisfy constant sensitivity

and are jointly continuous, and that th

Consider éita ==hah» g with modelablaeferencepoints | f each reg
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observations satisfy GARBenany combination ofationalizing regime preferences
such thathere are no observations for whidh is noton the boundary of the convex
hull of A6 s  ucpnpoariset fothe associatedandidate fora global preference

orderingfor », yields a rationalization witlassociated utility function as in (2).

PROOF:Any combination of rationalizing reginpgeferencee nsur es t hat each ob
consumption bundle is optimal within its own regir@ensider a defection from ¢ "O"(p to
somea® OGP with"@e "Qandmmt A ==t A.If such aawere in regiméQfor », we would

have:

(A1) O A» koa B 0 N 0 i WA B U 01 ko ah» .

If thecombination ofationalizing regime preferences is such thate are no observation®r
which A isnoton the boundary of the convex hullafd6 s u p p er ctlecandidataglobale t f ¢
preference orderinfpr », assumingylobal loss aversion is witholdss of generality, becaudwet
global orderingcan then be replaced by a convexiftederingwhose upper contour sets are the
convex hulls of the original global orderimgi t hout <changing any observa
With A% "O"Q» with "@ "Qloss aversion implies, cancelling terms for which gdod -pssi n

statuswith » is the same foiQand " Ge

(A2) BO AR O i BuonA 01 8

Combining A1) and A2) shows thatefections to bundlea the budget seh other regimess not
beneficial eithery’

CorollaryA1 6 s f i nal innto nobser baundas y bunahiogrofdi t i on
observations in regions of commodity space wheredtienalizing regime preferencemlate loss
aversion, and is therefore vacuouséyisfied forregime preferencebat satisfy loss aversion. This
restriction on bunchingrings theanalysis closer to tangible features of the dataappears to be

unusual in a nonparametric analysis.



FigureA2. Rationalizing data that violate GARP when the Afrejime preferences
violate loss aversiohut satisfy CorollarlAl 6 s condi ti ons
(solid lines for the loss map, dashed lines for the gain map)

q!
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In Figure A2 theentire dataset violates GAR#Re Afriat regime preferences violate loss aversion,
but the data satisf@orollaryAl 6 s cbnditioas| allowing a rationalization. Only reference point
» is shown and observation 1 is in the gdblbss regime. Assumeat» T, so that
observation 26s bud g2dain regime; andghate n thic rwhérgmisi n t he
| arge enough that obser vati-Bloss@dginseThbAilrdtgegime s et |
preferences yield a candidate forlghb preferencesthatmakel | t hr ee observatio
bundlesoptmal. ®s er vati ons 26s and 36s budg®ugansat s ar
good2 | oss, respectively), so their buopthaldysd op
Observation 10s bun2léseregime prefgrendesraad Corbllary 1 endures thgato o

its bundleds optimality extends to its entire



ONLINE APPENDIXB. Proof that Figurdlb s exampl e cannot sati sf

condition (D) for a ratioralization using the Afriatationalizing egime utilities.

Recall thatO"ap k A® OACEIEAM) andO ah»  zrNQk 00 pMBHY A ¢
‘O°dp .IngeneralPr o p o s iconditmm(1)5s0 s

(11) 6 a» 6 » kI EL L5 Y )l wmi A A

ik N
FEV am gin Y _ ==t > a
OQ§ 4 4n Y _=mt A A
AQ§ ,p 4n Y _=mi> A koahr o».

ToshowthatFigurdd s e x amp |l e d)aspatialize it shasdrviat®rf by obgefivation,
with » i and» 1 |, soi i rtand for all such» and » all bundles are in
the gainloss regimes with gains for good 1. With one observation per regime, observati@h 1 in
with gain for good 1 and loss for good 2 and observation'@avith gain for goods 1 and 2,
subscripts on terms like are redundanbutwe keep them for comparability with {1 With one
observation per regime we can eliminate the min operatdisp(écluding advantageous defections
from observation in regime"Qto some affordablein "@decomes

Bl O Aw 6 » Kk Y 1 =mi A A Y -—i > A

Y _wmt A A Y _wmt > A k6 aAh» @ » for a® O»NQRe

That is, for awith 1) i
Simplifying,

(B2 1 wmt A » _ =t Ao » forall A® "O»NQei.e. for all Awithry i
Expanding the vector products,ra#ing goods as scalars indexed by subscriptiatoa k

AR andak 17 B , with analogous notation faum== » and », and using

i T
B3 n N NN ni 1 nn n n n i forall awithfy i

For a rationalizatioiB.3) must hold for anyawithy i i n observation 106s
)

without loss of generality on its budget linery 1 n I T O.@larig @at budget lin€B.3)

K



is hardest to satisfy whan 1 1 is maximized. Given the qualitative relationship of Figure

46s exampl eds budget | inRegiandq hagtn mayxiq mMfd@m occur
which satisfies) 1 .Further} andl are their (interior) obseryv
income. If utility at observation 1 1 1 1, adollar spent on good 1 yield# units of

goodland— putil . Ditto for a doll ar s pegdodloon2 g o 0O «

at observatilonl 2 6psPlugginginle sl  Sa@andy Tmandn
n n N n 7 reduces the infinity of inequalities iB @) to the inequality

(B.4) nnn nn mM nit a1 nn ni
oo AN AN ANl AR AR N0l
Givent he qualitative relationship of the exampl

good 2, observation 10s baoadgetvattogwi 2bds Mmba:
nn nn m nn nn m

Combining that inequality with the first line (8.4) yields

B5H5nn A4nAq A4t AR A M a4l AN 4R nl

or nn A A4t nan R Qi

That is, the utility of defecting from observation 1 to the best defection in rée@énénose utility is
constant along observation 206s budgmis<0.i ne),
Similarly, precluding advantageous defections frolbservation 2n regime"¢o some affordable

Ain regime’Q (11) becomes

~

B6) O A 6» K Y ] mmt A A Y _ ==t > A

Y _ mmi A A Y _ ==t > A kO A @ » for a0 O»NQ,
that is, fomy i
Simplifying,
B7) ) wmi A > _ ==t A » FlLOOrNQBBEIAdAX EQE i
Expanding the vector products, with i L1



B8 I nn nn ni 1 n A nn ni AlAAk EQE i

For a rationalizationR.8) must hold for anyawithfy i i n observation 26s |
without loss of generality on its budget lifery /| 1/ AT T O.@larg Mat budget lineR.8)
is hardestto satisfywheapn n n ni s maxi mized. Given the examp
maximum occurs wher n n n A MM andn 1 which satisfies)y 1 . Plugging

in}l 1 p andn n n n 7 MM andi 1 reduces the infinity of inequalities in
(B.8) to the inequality

(B.9) nnn nn MmM ni a3 1A ni

oon AN AR ANl AAAR AR i

Given the exlampelse 6si fbuydoguetspend all your mone
set yields |l ess of good 1 than observation 20
(B.10) nnA nn m nn nn m

Combining that inequality witB.9)

B1)nan A4 At A AN a4 M oAt Aq AR n
or nn nn i nnA nnn  ni

That is, the utility of defecting from observation 2 to the best defection in rég(mvbose utility is
constant along observation 106s budgmis<0.i ne),
Combiningthe conditions for observations 1 and 2 yields necessary and sufficient conditions for a

rationalization using the Afriat rage preferences

(B.12 nn nn ni nn "7 n ni
or nn nn nn 170 n N i
and

(B.13 nn nn ni nn "7 n ni
or n n i nn nnn nn nn

Chaining the second lines yields a contradiction.
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ONLINE APPENDX C.

Farber 6s

FigureC.1: Hours and earnings choices, driver by driver
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FigureD.1: Pass rates by refereqoeint model with referenedependence in hours only, relaxing
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ONLINE APPENDIXD. Models that relax additive separability across goods

additive separability across goods

Reference Dependence Active With Respect To Hours

BT r1

Reference Point Model

The last night/day shift.

-—= The last rainy/dry shift.

— — The last shift.

-—- The leave-one-out mean | night/day shift.
The leave-one-out mean | rain.

= = The leave-one-out mean. 1_
=3

I I I I I
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Pass rate

Notes:Horizontal axis pass rate [0,1)Vertical axis driveridentifier{1,..21}.

Horizontal lines extent of the bounds on pass rate for each refeqgvioé model;

1.0

where the line is a point the upper and lower bounds coincide and the pass rate is

pointidentified. Vertical line the pass rate for the neoclassicabiel.
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Driver

FigureD.2: Pass rates by refereqoeint model with referenedependence in earnings only,
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relaxing additive separability across goods

Reference Dependence Active With Respect To Earnings

Reference Point Model

The last night/day shift.

=== The last rainy/dry shift.

— = The last shift.

-—- The leave-one-out mean | night/day shift.
The leave-one-out mean | rain.

= = The leave-one-out mean.
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Notes:Horizontal axis pass rate [0,1)Vertical axis driver identifier{1,..21}.

Horizontal lines extentof the bounds on pass rate for each reference point model;

where the line is a point the upper and lower bounds coincide and the pass rate is

pointidentified.Vertical line the pass rate for the neoclassical model.
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Driver

FigureD.3: Pass rates by refereqoeint model with referenedependence in both hours and
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earnings, relaxing additive separability across goods

Reference Dependence Active With Respect To Hours & Earnings

Reference Point Model

The last night/day shift.

The last rainy/dry shift.

The last shift.

The leave-one-out mean | night/day shift.

The leave-one-out mean | rain.
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pointidentified.Vertical line the pass rate for the neoclassical model.

Notes:Horizontal axis pass rate [0,1)Vertical axis driver identifier{1,..21}.
Horizontal lines extent of the bounds on pass rate for each reference point model;

where the line is a point the upper and lower bounds coincide and the pass rate is

19 20 21

9 10 11 12 13 14 15 16 17 18

8



Driver

FigureD.4: Selten measurdsy referencepoint model with referenedependence in hours only,

relaxing additive separability across goods
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FigureD.5: Selten measures by referempmént model vith referencedependence in earnings only,

relaxing additive separability across goods

Notes:Horizontal axis Selten Index-fL,1]. Vertical axis driver identifier{1,..21}.
Horizontal lines extent of the bounds on the Selten index for each refereinte po
model; where the line is a point the upper and lower bounds coincide and the Selten

Index is poirtidentified. Vertical line the Selten Index for the neoclassical model.
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