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Procedure Invariance

The Procedure Invariance requirement: Recovered
preferences (or heuristics) should be independent of the
elicitation method.
Necessary condition for general external validity of
experiments.
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Choices from Linear Budget Sets

Choice from linear budget set is fundamental in Economics.
Samuelson (1938), Afriat (1967) and Varian (1982) provide
a formal nonparametric theory of revealed preferences in
this context.
Laboratory experiments where subjects are asked to make
choices from multiple budget sets, provide relatively large
individual level data sets natural for the application of the
theory of revealed preferences.
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Three Experimental Designs

Three setups are used in those studies.
The Textual methodology - subjects are faced with a
sentence that describes a budget set and are asked to plug
in their preferred bundle.
The Graphical methodology - subjects are required to
choose their preferred bundle from a visually presented
budget set.
The Discrete methodology - subjects are asked to choose
from a small set of images (or sentences) that represent the
available bundles.
These methodologies are used to investigate:

Preferences over goods (bundles of various food items)
Risk preferences (bundles of Arrow securities).
Other-regarding preferences (bundles of Dictator game
outcomes).
Time preferences (bundles of payments at different dates).
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Experimental Literature
Method Article Preferences Subjects Trials Max Slope GARP Passing Rate Av. CCEI

Andreoni and Vesterlund (2001); Andreoni and Miller (2002) Giving 142 (176) 8 (11) 3 (4) 90.8% (89.8%) 0.997 (0.998)

Eckel and Grossman (2003) Giving 181 12 2 N/A N/A

Harrison and Johnson (2006) Giving 173 10 4 N/A N/A

Andreoni (2007) (n = 1) Giving 120 5 4 96.7% 0.996

Dickinson (2009) Giving 152 11 4 85% (WARP) N/A

Dawes et al. (2011) Giving 234 5 3 94% (WARP) N/A

Visser and Roelofs (2011) Giving 106 5 3 N/A N/A

Rigdon and Levine (2011), WP Giving 189 8 3 N/A N/A

Dawes et al. (2012) Giving 20 5 3 N/A N/A

Textual Andreoni and Sprenger (2012a) Time 86 5*9 2 N/A N/A

Andreoni and Sprenger (2012b) Time 80 7*2 1.43 N/A N/A

Jakiela (2013) Giving 144 10-12 3 N/A N/A

Korenok et al. (2013) Giving 178 18 4 66% (MI) 0.979

Kuhn et al. (2014), WP Time 143 5*11 2 N/A N/A

Ashton (2015), WP Time 149 5*9 1.5 N/A N/A

Porter and Adams (2015) Giving 190 11 4 88.4%-90.5% 0.990-0.995

Hong et al. (2015) Social 144 20 10 56.9% 75% >0.9

Engle-Warnick and Mishagina (2016), WP Giving 156 20 10 30.1% (WARP) Approx. 0.929

Schumacher et al. (2017) Giving 581 3 2 N/A N/A

Carvalho et al. (2016) Time 1191 4*3 1.03 N/A N/A

Choi et al. (2007a) (p = 1
2 ) Risk 47 50 unbounded 25.5% 0.934

Fisman et al. (2007) (two person) Giving 76 50 unbounded 10.5% 0.892

Hammond and Traub (2012), WP Risk 41 16-48 unbounded < 48.7% N/A

Choi et al. (2014) Risk 1182 25 unbounded 22.8% 0.881

Chow (2014) Risk 180 20 7 N/A 0.74 ; 0.90

Graphical Fisman et al. (2015a) Giving 72 50 unbounded N/A 0.944

Fisman et al. (2015b) Giving 208 ; 309 50 unbounded N/A 0.95 ; 0.86

Cappelen et al. (2015), WP Risk 126 ; 110 ; 106 50 unbounded 23.8% ; 10%-25%, 10.4% 0.95 ; 0.856 ; 0.869

Augenblick et al. (2015) Time 80 5 2 N/A N/A

Halevy et al. (2017) Risk 203 22 4 45.3% 0.979

Müller et al. (2017), WP Giving 116 50 unbounded N/A 0.96

Carvalho et al. (2016) Risk 3110 25 unbounded 83% 0.81

Castillo and Cross (2008) Giving 112 4 3 N/A N/A

Discrete Banerjee and Murphy (2011) Goods 69 10 5 53.6% (WARP) N/A

textual Andreoni et al. (2015) Time 86 6*4 2.22 N/A N/A

Owens (2016) Giving N/A 50 10 N/A N/A

Giné et al. (2017) Time 2142 5*2 2 N/A N/A

Harbaugh and Krause (2000) Giving 40 11 4 55% 0.87

Harbaugh et al. (2001) Goods 31 ; 42 ; 55 11 4 26% ; 62% ; 65% 0.93 ; 0.96 ; 0.94

Discrete Camille et al. (2011) Goods 9 ; 22 11 4 11.1% ; 68% 0.9 ; 0.95

Visual Bruyneel et al. (2012), WP Goods 39 ; 31 ; 30 9 9 31% ; 48% ; 53% 0.604 ; 0.737 ; 0.747

Burghart et al. (2013) Goods 101 11 4 58.4% 0.967

Bruyneel et al. (2014), WP Goods 42 ; 24 ; 34 9 9 N/A N/A
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Contradicting Experimental Evidence (Giving)
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Possible Explanations

Power (informally, the probability that random choice fails
GARP): affected by the number of intersections between
budget lines.

Problem Variability : affected by the variability in slopes
and endowments.
Fatigue: affected by the number of repetitions and the
complexity of the implemented choice rule.
The methodology we test textual vs. graphical. Caution:
the effect of the methodology on preferences is irrelevant to
consistency (is that indeed correct???).
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Very Brief Literature Survey

Most of the literature that is concerned with visual
presentation methodologies is focused on risk
communication:

Some papers consider optimal information presentation (e.g.
probabilities in health contexts, managerial data).
Other (related) studies show that graphical presentation of
lotteries increases risk aversion compared to numerical
presentation.

Harless (1992) claims that some regret effects in the context
of binary choice of lotteries are format dependent.
As far as we know, the literature is restricted to binary
choice.
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The Setting

Choice from linear budget sets in the context of other
regarding preferences.
In each decision problem the subject encounters a
“modified” dictator game with an anonymous other subject.
Each token that she allocates to herself is multiplied by α
points while a token she allocates to the other is worth β
points.
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Textual Interface

Hebrew Original
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Graphical Interface

Hebrew Original
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Implementation

At the beginning of the experiment each subject was
randomly assigned with:

A number of repetitions (between 10 and 50).
An upper bound on the price ratio T (between 3 and 12).

In each trial the subject was randomly assigned with:
Price ratio (between 1

T and T ).
Tokens endowment (between 40 and 100).

Each session was implemented either using the textual
methodology (following Andreoni and Miller (2002)) or the
graphical methodology (following Fisman et al. (2007) for
n = 2).
Monotonicity was imposed in both methodologies.
Pairs were randomly matched before the experiment, but not
revealed to the subjects.
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Conversion to Prizes

Textual Interface:
Endowment is tokens.
Tokens are converted to points after the DM had made her
choice.
Points are converted to NIS at the end of the experiment.

Graphical Interface:
The DM chooses a bundle of tokens to hold and to pass.
Tokens are converted to NIS at the end of the experiment.

The conversion rate to NIS was decreasing in T to keep the
average prize comparable across treatments.
The subject’s conversion rate was revealed at the beginning
of the experiment.
Participation fees: 25NIS (≈ 7USD).
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Subjects and Rewards

The subjects are 272 undergrads from TAU and BGU.
The experiments took place between mid March and the
end of May, 2016.
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Reconstruction
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Revealed Preference Relations with Adjustments

The DM chooses bundles x i ∈ <K
+ (i ∈ 1, . . . ,n) from budget sets{

x : pix ≤ pix i , pi ∈ <K
++

}
.

Let D =
{(

pi , x i)n
i=1

}
be a finite data set, where x i is the chosen

bundle at prices pi .

Definition

Let v ∈ [0,1]n. An observed bundle x i is
1 v - Directly Revealed Preferred to a bundle x , denoted

x iR0
D,vx if v ipix i ≥ pix .

2 v - Strictly Directly Revealed Preferred to a bundle x ,
denoted x iP0

D,vx if v ipix i > pix .
3 v - Revealed Preferred to a bundle x , denoted x iRD,vx if

there exists a sequence of observed bundles(
x j , xk , . . . , xm) such that x iR0

D,vx j , x jR0
D,vxk , . . . , xmR0

D,vx .
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Consistency and Rationalizability

Definition

Let v ∈ [0,1]n. D satisfies GARPv if x iRD,vx j implies not x jP0
D,vx i .

Definition

Let v ∈ [0,1]n. A utility function u(x) v−rationalizes D, if for every
observed bundle x i ∈ <K

+, x iR0
D,vx implies that u(x i) ≥ u(x).
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Afriat’s Theorem (1967)

Theorem
The following conditions are equivalent:

1 There exists a non-satiated utility function that 1-rationalizes
the data.

2 The data satisfies GARP1.
3 There exists a non-satiated, continuous, concave,

monotonic utility function that 1-rationalizes the data.



Motivation Experimental Design RP Terminology Results Second Wave Results Conclusions

Varian Inconsistency Index

Definition

fn : [0,1]n → [0,M], where M is finite, is an Aggregator Function
if fn(1) = 0, fn(0) = M and fn(·) is continuous and weakly
decreasing.

Definition (Varian Inconsistency Index)

Let f : [0,1]n → [0,M] be an aggregator function. Varian’s
Inconsistency Index is,

IV (D, f ) = inf
v∈[0,1]n:D satisfies GARPv

f (v)
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Other Inconsistency Indices

Definition (Afriat’s Critical Cost Efficiency Index)

Let I =
{

v ∈[0,1]n : v = v1,∀ v ∈ [0,1]
}

.
Afriat’s Index is, IA(D) = inf

v∈I:D satisfies GARPv
1− v

Definition (Houtman-Maks Inconsistency Index)

Let f : [0,1]n → [0,M] be an aggregator function. Houtman-Maks
Inconsistency Index is,

IHM(D, f ) = inf
v∈{0,1}n:D satisfies GARPv

f (v)
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Power

Bronars (1987):
Power is the probability that a DM that chooses randomly
(uniformly) on the budget line will fail GARP.
Bronars (and others) fail to provide a closed form expression
for power in the general case.
While understudied, the general intuition is that the power is
highly correlated with the number of budget line intersections
(which are, in turn, related to the number of trials, the range
of slopes and the range of endowments).
Bronars (1987) suggests to simulate a large number of such
DMs and report frequencies of violations and indices.
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Consistency is NOT Procedure Invariant

We use two definitions for consistency:
Narrow: Those subjects that satisfy GARP.
Broad: Those subjects that satisfy GARP and those with
Afriat inconsistency index equal to epsilon. Example
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Measuring Power

For each subject we ran 10,000 simulations according to Bronars
(1987).

For each simulation we recorded consistency, number of
violations and Afriat inconsistency index.
We use the median of the number of GARP violations (as
percentage of the maximal number).
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Does Power Affect Consistency?
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Power Affects Consistency in both Interfaces
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Time Measures

We measured the reaction time for each trial.
Fatigue: Total RT - the time measured from the beginning of
the first trial upto the completion of the last trial (correlation
of 0.276 with the number of trials).
Subjective Complexity: Mean (Median) RT - the Mean
(Median) time measured per trial.
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The Effect of Total Time
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The Effect of Time per Trial
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Measuring Problem Variability

In the experiment, a maximal slope was randomly assigned
to each subject.
This implies heterogeneity in the variability of the slopes the
subjects encounter.
We measure the problem variability per subject by the mean
of the slopes the subject encounters (highly correlated, 0.92,
with the standard deviation, by design).
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Does Problem Variability Affect Consistency?
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The Effect of Problem Variability by Interface
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Consistency Regressions

Narrow Definition
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Inconsistency Indices Regressions
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The Interface Effect

The interface has an adverse effect on consistency.
Consider a subject of age 24.6 years (average in the
sample):

For the average slope of 4.2, moving from the graphical
interface to the textual interface increases the probability of
being inconsistent by 27.1%.
For average slopes smaller than 2.42 and larger than 7.415,
moving from the graphical interface to the textual interface
reduces the probability of being inconsistent.
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Other Effects

Holding everything else equal:
Power (proxy to objective complexity) has an adverse effect
on consistency.
Time spent on the experiment (proxy to fatigue) is negatively
correlated with consistency.
Time spent per trial (proxy to subjective complexity) is not
correlated with consistency.
Accountants are highly consistent ...
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Does the Interface Affect Preferences or Heuristics?

Consistency analysis cannot reveal changes in the
distribution of behavior.
Such analysis requires exploring actual choices rather than
their internal consistency.
We focus on focal types - selfish, altruist, welfare maximizer
and egalitarian.
In addition, we looked into two heuristics based on rounding.
We naively classify the subjects into these types (or to
other).
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Focal Types
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Focal Types - Parametric Classification

In addition, we recover the parameters of a CES utility
function for each subject:

u (x , y) = [α× xρ + (1− α)× yρ]
1
ρ

where α ∈ [0,1].
Extreme Altruism: α = 0.
Extreme Selfishness: α = 1.
Egalitarian: α ∈ (0,1) and ρ→ −∞.
Max Social Welfare: α = 1

2 and ρ = 1.
We recover by the MMI (Halevy et al. (2017)).
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Focal Types - Summary
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Motivation

Are the results described so far specific to the modified
dictator game settings?
We compare the two interfaces also in the context of risk.
Subjects were asked to choose the optimal portfolio of Arrow
securities (two equally probable states) from linear budget
sets with varying prices (following Choi et al. (2007b)).
As far as we know, there is no risk preferences experiment
using the textual interface.
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Subjects and Rewards

The subjects are 245 undergrads from TAU and BGU.
The experiments took place between mid November 2016
and the end of January 2017.
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Reconstruction
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Consistency is NOT Procedure Invariant
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Does Problem Variability Affect Consistency?
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The Effect of Problem Variability by Interface
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Consistency Regressions

Narrow Definition
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Inconsistency Indices Regressions
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Focal Types
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Focal Types - Parametric Classification

In addition, we recover the parameters of a DA-CRRA utility
function for each subject:

u (x , y) = γw (max {x , y}) + (1− γ)w (min {x , y})

where γ = 1
2+β − 1 < β <∞ and

w (x) =

 x1−ρ

1−ρ ρ ≥ 0 (ρ 6= 1)

ln(x) ρ = 1

Corners: either β = −1 or ρ = 0 and β ≤ 0.
Safe bundle: β →∞.
Equal shares: ρ = 1 and β = 0
Cutoff: ρ = 0 and β > 0.
We recover by the MMI (Halevy et al. (2017)).
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Focal Types - Summary



Motivation Experimental Design RP Terminology Results Second Wave Results Conclusions

Summary

In both contexts: Higher percentage of subjects were
consistent when the graphical interface was used (and were
less inconsistent).
In both contexts: The power of the test has an adverse
effect on consistency in both interfaces.
Time spent on the experiment (proxy to fatigue) was
negatively correlated with consistency in the dictator game,
but not at the risky choice.
In both contexts: The effect of the slopes differed between
interfaces (in a different way).
The graphical interface seems to encourage corner choices
while the textual interface promotes choices on the 45
degree line.
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Future

Two main goals:
To improve the classification (High percentage of others).
To improve our understanding of the effect of slopes.

We asked the subjects (post-experiment) to tell us about
their decision rule.
We gave those descriptions to 6 RAs and asked them to:

Classify the subjects based on their answers.
Classify the subjects based on their choices.
Assess the differences.

We will use these additional data to improve classification
and understand the differences between the interfaces (is it
indeed harder to implement decision rules in the Textual
interface?)
In addition, we wish to zoom in on the choices of specific
subsets of subjects (i.e. those that encountered steep
budget lines in the Textual interface in the Dictator game).
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Thanks
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