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MOTIVATION

+ Decades of empirical evidence has documented violations

of canonical choice axioms
« Two interpretations:
1. These are intentional deviations from the axiom
« Individuals don’t follow the axiom because they don’t want to follow it

2. These are “mistakes”
« Individuals want to follow the axiom but have a hard time implementing it

« Case Study: Savage vs. Allais (1950s)

« Allais introduced the Allais Paradox
« Savage violated the Independence Axiom
« Savage changed his decisions to be consistent with Independence



“In reversing my preference... I
have corrected an error. There
is, of course, an important sense
in which preferences, being
entirely subjective, cannot be in
error; but in a different, more
subtle sense they can be.”

— Leonard Savage (1954)
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« Ask subjects which of several axioms they want choices to satisfy

« Contribution: methodology to incentivize following a “decision rule”
« Result: individuals do want to satisfy these “normative” axioms

« Present opportunities to violate the axiom
+ Result: wanting to follow [following the axiom
« Allow subjects to revisit inconsistencies in choices

« Contribution: revise choices with “less” demand effect

« Result: revise choices in favor of the axiom

« Benchmark results against “anti-normative” axioms



DESIGN
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HOW WE INCENTIVIZE

» We incentivize decision to satisfy an axiom by using the

axiom to automatically implement choices on a subject’s
behalf

« For example:

« Independence of Irrelevant Alternatives (I1A):

p=C{p;q;r}) CpaACH{p;a})
« To incentivize this:

« First, you choose lottery p over lotteries q and r
« Then, we choose lottery p over lottery ¢ for you



THIS IS WHAT SUBJECTS SEE

Options: You Pick: We Pick:

Yes, | want to use this rule No, | will decide myself



THE CIRCLES

+ Domain:
« Colors represent weakly-positive money lotteries
« Payoffs from $0-$30

+ Probabilities from 0-100%
+ Colors don’t have any inherent meaning

. E.g. grey is not “in between” black and white
« Subjects know the domain but not specific lotteries
« Eliciting a preference for the axiom, not specific
instances of it



INCENTIVIZATION: IIA

Options: You Pick: We Pick:

00O ©
-0 °

If 1A were chosen for payment:

« Present the subject with three lotteries: {p;q;r}

« Subject chooses their most preferred [“pI

- Did select IlA: paid p as choice of p over g

- Did not select IlA: presented with p vs. q and paid lottery chosen

from this second question

If 1A were not chosen for payment: never see this {p;q;r}



INCENTIVES

« Don’t think it always should be true [“doh’t select it

« Payment lotteries could be any lotteries in the domain
o If there are any instances where it wouldn’t be true,
shouldn’t select it

- Caveat: decision-making costs
« Think it always should be true L[ selkct it (weakly)
« Rule will automatically implement preferred choices
« In another treatment, strict $1 cost to decide on their
own



AXIOMS

« We study 6 axioms:

1.
. Transitivity
. First-Order Stochastic Dominance

AN U~ W N

Independence of Irrelevant Alternatives

. (Mixture) Independence
. Branch Independence
. Consistency



RULE REPRESENTATION: 1A

Options: You Picked: We Pick:




RULE REPRESENTATION: FOSD

Options: You Picked: We Pick:

. VS. ‘
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RULE REPRESENTATION: TRANSITIVITY

Options: You Picked: We Pick:
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RULE REPRESENTATION: INDEPENDENCE

(VAR VN VI VI WX oX v

Options:
VS.

VS.
VS.
VS.
VS.
VS.
VS.
VS.
VS.

VS.

VRV VA VI VI O o N N

You Picked:

We Pick:

(VRN VN VI VI O oX N
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Options: You Picked: We Pick:
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RULE REPRESENTATION: CONSISTENCY

Options: You Picked: We Pick:
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BENCHMARK

" What if people
" just like to follow rules?
" think they shouldfollow these rules (demand e ect)?
" follow rules because it's easier than making their own choices?
" have a preference for control and don't like to follow rules?
"~ are responsibility averse?
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BENCHMARK

" What if people
" just like to follow rules?
" think they shouldfollow these rules (demand e ect)?
" follow rules because it's easier than making their own choices?
" have a preference for control and don't like to follow rules?
" are responsibility averse?
" We also present the opposite of each axiom
(control axiom)

~ Axiom andc axiom presented on di erent screens,
randomized order
" Use this as our benchmark for rule selection

~ Also benchmark direction of reconciliation

17
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RULE REPRESENTATIONC IIA

Options: You Picked: We Pick:

Yes, | want to use this rule No, | will decide myself
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C AXIOMS

" Interpretation:
" Select axiom and don't select axiom:,
" Selectc axiom and don't select axiom.
" Select both: Preference for rules, decisions are costly, etc...
" Select neither: it depends, preference for control...
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C AXIOMS

" Interpretation:
" Select axiom and don't select axiom:,
" Selectc axiom and don't select axiom.
" Select both: Preference for rules, decisions are costly, etc...
" Select neither: it depends, preference for control...
~ Why this benchmark?

~ Same benchmark across all axioms
" ¢ axiom takes same form as corresponding axiom
" ¢ axiom takes same input questions as corresponding axioms

20



OVERVIEW

The experiment has 3 main parts (in order):

1. Directly elicit which axioms are preferred

" Represent axioms so they're easy to understand
" Incentivize choice of which axioms to follow
" Isolate other things that might be going on (demand e ects, confusion,
preference for control, etc)
2. Lo ery questions related to axioms
" Maximize potential violations
3. Opportunity to reconcile inconsistencies

~ Incentivize choices without paying for consistency
" Minimize demand e ects

21



LOTTERY CHOICES

~ Picked gquestions based on classic violations in the
literature

" IND: certainty e ect; [IA: decoy e ect; TRANS: MPL multiple
switching points; etc.

" These lo eries are di erent from the lo eries that would
be used if an axiom were chosen for payment

~ So subjects do not learn (much) about the axiom domain when
making lo ery decisions

" Note: All subjects made these decisions, regardless of
axiom selection
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DISCLAIMER

" These questions are not representative of the axiom as a
whole

Atypical parameters?

" We don't focus on specifics of lo eries
" We can't compare across axioms
" Some violations might be bigger than others
" Future work can use our methods to study individual
axioms in more detall
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OVERVIEW

The experiment has 3 main parts (in order):

1. Directly elicit which axioms are preferred

" Represent axioms so they're easy to understand
" Incentivize choice of which axioms to follow
" Isolate other things that might be going on (demand e ects, confusion,
preference for control, etc)
2. Lo ery questions related to axioms
" Maximize potential violations
3. Opportunity to reconcile inconsistencies

~ Incentivize choices without paying for consistency
" Minimize demand e ects
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RECONCILIATION DESIGN

" Allow subjects to reevaluate their choices when
Inconsistent
" For example, a subject who
1. Selected lIA as an axiom
2.p CTpig;ree
3.9 C7piqge
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RECONCILIATION DESIGN

" Allow subjects to reevaluate their choices when
Inconsistent
" For example, a subject who
1. Selected lIA as an axiom
2.p CTpig;ree
3.9 CTp;ge
" A subject can changany of their decisions
~ Could do any combination (or none) of the following:
1. Unselect IIA as an axiom
2. Change choice fromp;q; re
3. Change choice frorfip; ge
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RECONCILIATION

Options: You Pick:We Pick]

.VS‘VSO ‘ Black: Grey: White :

‘vs‘ ‘ 80% chance of $060% chance of $080% chance of $
20% chance of $[L010% chance of $620% chance of $

~N O

Black: Grey:
80% chance of $060% chance of $

20% chance of $[1{40% chance of $

o O

In the first row, you choseBlack. In the second row, you chos@rey. Black and Grey are
the same in these two decisions, so the rule would prescribe making the same choice between
OptionsBlack and Grey.

26



RECONCILIATION

Options: You Pick:We Pick]

vsO)vs
. ‘ O ‘ Black: Grey: White :

‘vs‘ ‘ 80% chance of $060% chance of $080% chance of $
20% chance of $[L010% chance of $620% chance of $

~N O

Black: Grey:
80% chance of $060% chance of $

20% chance of ${10#0% chance of $

o O

In the first row, you choseBlack. In the second row, you chos@rey. Black and Grey are
the same in these two decisions, so the rule would prescribe making the same choice between
OptionsBlack and Grey.

26



RECONCILIATION

Options: You Pick:We Pick]

.VS‘VSO ‘ Black: Grey: White :

‘vs‘ ‘ 80% chance of $060% chance of $080% chance of $
20% chance of ${L{40% chance of $620% chance of $

~N O

Black: Grey:
80% chance of $060% chance of $

20% chance of $[1{40% chance of $

o O

In the first row, you choseBlack. In the second row, you chos@rey. Black and Grey are
the same in these two decisions, so the rule would prescribe making the same choice between
OptionsBlack and Grey.

26



RECONCILIATION

Options: You Pick:We Pick]

S
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RECONCILIATION

Options: You Pick:We Pick]

vs@vs
. . O . Black: Grey: White :
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C AXIOM RECONCILIATION

Options: You Pick:We Pick]

vsO)vs
. ‘ O ‘ Black: Grey: White :

‘vs‘ ‘ 80% chance of $060% chance of $080% chance of $
20% chance of $[L010% chance of $620% chance of $

~N O

Black: Grey:
80% chance of $060% chance of $

20% chance of ${10#0% chance of $

o O

In the first row, you choseBlack. In the second row, you chos®Black. Black and Grey are
the same in these two decisions, so the rule would prescribe making a di erent choice
betweenBlack and Grey in these two decisions.
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RECONCILED CHOICE PAYMENTS

~ A note:

" These black, grey, and white lo eries from Part 2 arenot the
lo eries that would incentivize the axiom if chosen for payment

" We show lo eries and axiom together to give more information on
implications of the rule

If axiom chosen for payment, applied todi erent ~ p=q%=r% set

28



RECONCILED CHOICE PAYMENTS

A note:

" These black, grey, and white lo eries from Part 2 arenot the

lo eries that would incentivize the axiom if chosen for payment
" We show lo eries and axiom together to give more information on
implications of the rule

“ If axiom chosen for payment, applied todi erent “p%q%r% set
" If a reconciled rule were chosen for payment:

" If subject kept rule selected: use it to make a choice for them

" If subject unselected the rule: subjects make choice on their own
If a reconciled lo ery were chosen for payment:

"~ Paid realization from whichever lo ery selected in the end

Note: These choices do not overturn original choices but are
additionto them

28



INTERPRETATION AND DEMAND EFFECTS

~ Subjects might make their choices internally consistent
just because we point out that they are wrong
"~ Tried to make reconciliation symmetric
~ Pure demand e ect: Equally likely to unselect axiom or change
lo ery choice
" If reconciliations systematically go in one direction:

~ Unselect axioms: selecting the axiom was a mistake

~ Did not realize full implications
"~ Prefer to keep lo ery choices

" Change lo ery choices: lo ery choices were a mistake
~ Axiom remains desirable in the face of violating choices

29



RESULTS

N =110 (+ 114)



AXIOM SELECTION
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AXIOM SELECTION

Number ofc Axioms Selected

#Axioms
Selected 0 1 2 3 4 5 6| Total
0 27% 0.0% 0.0% 0.0% 0.0% 0.0% |03%%
1 09% 0.0% 09% 0.0% 0.0% 0.0% |0.0%%
2 27% 0.0% 0.0% 0.0% 0.0% 0.0% |02%%
3 36% 0.0% 0.0% 0.0% 18% 0.9% |068%%
4 36% 2.7% 1.8% 0.0% 0.0% 0.0% |08%%
5 11.8% 2.7% 1.8% 0.0% 0.9% 0.0% | (010%8%
6 39.1% 17.3% 0.9% 1.8% 0.0% 0.0% | (60%%
Total 64.5% 22.7% 55% 1.8% 2.7% 0.9% | 1B¥0%
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RESULTS

Main Results:

1. Individuals select Axioms much more o en tham Axioms
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AXIOM RECONCILIATIONS

% Keep % Unselect % Change % Change
Axiom Inconsistent Axiom Lo eries Both
Total (n=468)
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AXIOM RECONCILIATIONS

% Keep % Unselect % Change % Change

Axiom Inconsistent Axiom Lo eries Both
Total (n=468) 37% 13% 47% 3%
lIA (n=63) 19% 2% 78% 2%
FOSD (n=194) 49% 21% 29% 1%
TRANS (n=41) 17% 5% 68% 10%
IND (n=96) 47% 16% 34% 3%
BRANCH (n=22) 41% 0% 55% 5%

CONS (n=80) 13% 0% 79% 8%
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AXIOM RECONCILIATIONS

% Keep % Unselect % Change % Change

Axiom Inconsistent Axiom Lo eries Both

Total (n=468) 37% 13% 47% 3%
lIA (n=63) 19% 2% 78% 2%
FOSD (n=194) 49% 21% 29% 1%
TRANS (n=41) 17% 5% 68% 10%
IND (n=96) 47% 16% 34% 3%
BRANCH (n=22) 41% 0% 55% 5%
CONS (n=80) 13% 0% 79% 8%

Overall: 2/3 inconsistencies reconciled
Reconciled to beonsistent with the axiom
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AXIOM RECONCILIATIONS

% Keep % Unselect % Change % Change

Axiom Inconsistent Axiom Lo eries Both
Total (n=468) 37% 13% 47% 3%
A (n=63) 19% 2% 78% 2%
FOSD (n=194) 49% 21% 29% 1%
TRANS (n=41) 17% 5% 68% 10%
IND (n=96) 47% 16% 34% 3%
BRANCH (n=22) 41% 0% 55% 5%
CONS (n=80) 13% 0% 79% 8%
Speculation:

Axioms involving mixing are harder to realize violations?
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C AXIOM RECONCILIATIONS

% Keep % Unselect % Change % Change
¢ Axiom Inconsistent Axiom Lo eries Both
Total (n=118) 35% 37% 25% 3%
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C AXIOM RECONCILIATIONS

% Keep % Unselect % Change % Change

c Axiom Inconsistent Axiom Lo eries Both

Total (n=118) 35% 37% 25% 3%
c 1A (n=41) 39% 44% 15% 2%

¢ FOSD (n=16) 38% 19% 44% 0%
¢ TRANS (n=22) 23% 50% 27% 0%
¢ IND (n=27) 41% 30% 26% 4%
¢ BRANCH (n=6) 50% 50% 0% 0%
¢ CONS (n=6) 0% 17% 50% 33%
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C AXIOM RECONCILIATIONS

% Keep % Unselect % Change % Change

c Axiom Inconsistent Axiom Lo eries Both

Total (n=118) 35% 37% 25% 3%
c 1A (n=41) 39% 44% 15% 2%

¢ FOSD (n=16) 38% 19% 44% 0%
¢ TRANS (n=22) 23% 50% 27% 0%
¢ IND (n=27) 41% 30% 26% 4%
¢ BRANCH (n=6) 50% 50% 0% 0%
¢ CONS (n=6) 0% 17% 50% 33%

Overall: 2/3 inconsistencies reconciled
More likely to unselectc axiom
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AGGREGATE RECONCILIATIONS

Conditional
% Revise % Consistent w/ Axiom
Axioms 63% 79%
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p-value 0.59
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RECONCILIATIONS

Conditional
% Revise % Consistent w/ Axiom
Axioms 63% 79%
¢ Axioms 65% 40%
p-value 0.59 0.0000

Lo ery choices inconsistent with axioms are significantly more likely to be
revised than those inconsistent with axioms

¢ Axioms are more likely to be abandoned than axioms

35



RESULTS

Main Results:

1. Individuals select Axioms much more o en tham Axioms
2. Two-thirds of Axiom anat Axiom violations are revised
3. Revisions are more likely to favor Axioms thanAxioms
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COSTLY DECISIONS

~ In the main treatment, individuals don't have a strict incentive to
select the rule

" A subject who does select the rule reveals they believe it should be
true always

~ A subject who does not select the rule could also believe it should be
true always

~ Believes own decisions will align with the rule
~ Not strictly incentivized to select rule, aside from decision costs
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COSTLY DECISIONS

~ In the main treatment, individuals don't have a strict incentive to
select the rule

" A subject who does select the rule reveals they believe it should be
true always
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0 Straight to Summary of Results
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COSTLY DECISIONS
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$1 COST

Conditional
% Revise % Consistent w/ Axiom
Axioms 51% 91%
c Axioms 47% 50%
p-value 0.28 0.0000

For reference: Original $0 cost treatment in grey

Overall fewer revisions than in main treatment
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$1 COST

Conditional
% Revise % Consistent w/ Axiom
Axioms 51% (63%) 91% (79%)
c Axioms 47% (65%) 50% (40%)
p-value 0.28 (0.59) 0.0000 (0.000)

For reference: Original $0 cost treatment in grey

Overall fewer revisions than in main treatment

Lo ery choices inconsistent with axioms are significantly more likely to be
revised than those inconsistent with axioms

¢ Axioms are more likely to be abandoned than axioms
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ROBUSTNESS RESULTS

" When making own decision is costly:
" Individuals respond to incentives
" Follow (good and bad) rules slightly more o en
~ Fewer reconciliations overall
alitative results remain unchanged
1. Individuals select Axioms much more o en tham Axioms
2. Axiom andc Axiom violations are equally likely to be revised
3. Revisions are more likely to favor Axioms thanAxioms
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LITERATURE REVIEW

" Normativity :
~ MacCrimmon (1968); Slovic and Tversky (1974); MacCrimmon and
Larsson (1979)
~ Our contribution incentivize these choices, elidibthrevealed
preferences, and study reconciliations
” Revisions:

" Gaudeul and Crose o (2020, WP); Benjamin et al. (2020, WP); Breig and
Feldman (2020, WP)
"~ Our contribution directly elicit preference for following rules
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LITERATURE REVIEW

"~ Violations :

" Countless...

"~ Our contribution some of these violations might be errors

"~ Our contribution individuals do want to follow these axioms ex-ante
" Procedures:

" Romero and Rosokha (2018); Cason and Mui (2019); Dal B6 and
Fréche e (2019); Halevy and Mayraz (2020, WP)
"~ Our contribution axiom domain, reconcile preferences
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DISCUSSION

~ Importance for welfare
" What is our normative benchmark?
" Methodological applications:
~ Axioms: compare with weaker versions
" Games: normative solution concepts
~ Social preferences: fairness criteria
" Social choice: impossibility results and aggregation
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CONCLUSION

Our experiment measures direct preferences over fundamental
axioms

" Individuals agree with these axioms much more than we might have

thought

We look to see what happens when revealed preferences conflict with
stated axiom preferences

" Reasonable axioms: change lo ery choices

" Unreasonable axioms: change the rule

"~ Classical axioms are not as doomed as we might have thought?

" Some amount of canonical violations may be mistakes
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THE END



LOTTERY VIOLATIONS

Axiom % ViolatingSSelecting % Violatin@\ot Selecting

A 38% 26%
FOSD 85% 91%
Trans 43% 37%
IND 75% 63%
Branch 24% 20%
Cons 46% 38%




CHOICES: FOSD

FOSD violations (x4) (Birnbaum and Martin, 2003):

Option A: Option B:
10% chance of $2 5% chance of $2
5% chance of $16 5% chance of $3
85% chance of $19 90% chance of $19



COSTLY DECISIONS

~ In the main treatment, individuals don't have a strict incentive to
select the rule

" A subject who does select the rule reveals they believe it should be
true always

" A subject who does not select the rule could also believe it should be
true always

" Believes own decisions will align with the rule
" Not strictly incentivized to select rule, aside from decision costs
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ROBUSTNESS RESULTS

" When decisions are costly:
~ Individuals follow (good and bad) rules slightly more
oen
" Fewer reconciliations overall
" Reconcile in favor of good rules
" Reconcile by abandoning bad rules
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