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Let’s agree that categorization is a central cognitive mechanism

Zillions of papers in psychology, small econ literature

Cardinality/complexity of choice set may have something to do with it.

Eg: pick a restaurant in a new city from a list of 50 pages.
Do you compare pairwise each restaurant with every other restaurant?
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Or rather you initially compare objects such as:

City of London
East London
North London
South East London
South West London
West End of London
West London
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Or perhaps:

African
Belgian
British (yes it does exist)
Caribbean
Chinese
Eastern European
European
Fish & Shellfish
French
Greek
Haute Cuisine
Indian
Indonesian
International
Irish
Italian
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Japanese
Kiwi Cuisine
Lebanese
Malaysian
Mediterranean
Mexican
Middle Eastern
Moroccan
North African
North American
Organic
Pan-Asian
Persian
Pizza
Polish
Portuguese
Russian
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Scandinavian
Scottish
South African
South American
Spanish
Steaks and Grills
Tex Mex
Thai
Turkish
Vegetarian
Vietnamese
World Fusion
...and then pick the best Italian in East London
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Many similar examples in other contexts:

A financial advisor categorises portfolios by risk profile.

A consumer categorises cameras (cars, flights....) by brand.

An idiot categorises people by race.
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General choice procedure that uses categorization in this way as a
core component.

Decision process takes place in two stages.

First stage: coarse form of maximization, binary relation on sets of
alternatives (psychological shading relation) . E.g. {Italian
restaurants} shades {Mexican restaurants}.

Second stage: pick an alternative which is preferred to all surviving
alternatives.

No detailed binary comparisons between alternatives within a category
and across categories.

Call this enriched model of preference maximization Categorize
Then Choose (CTC).
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..

CTC is a natural way of describing many choice situations.

It captures some empirical evidence that contradicts the textbook
model (both pairwise cycles and menu dependence
⇔ notWARP).

E.g. doctors’s choices (Redelmeier and Shafir): prescribe
medication A when the only alternative option is no treatment,
and prescribe medication B when the only alternative option is
again no treatment, but opt for no treatment when both
medications are available. (Complexity not only from size!)

CTC does place restrictions on choice data (=⇒ simple
nonparametric test of our model).

WARP violations also problematic at the normative level: if there
is no utility, how can an external observer make welfare
judgements on the basis of choice data? =⇒ Comments
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Set of alternatives X

Collection of nonempty subsets (choice sets) Σ ⊂ 2X \∅

A choice function on Σ is a function γ : Σ→ X such that γ (S) ∈ S
for all S ∈ Σ

Assume pairs of alternatives and all triples are included in the domain.

For a binary relation �∈ X × X , the � −maximal elements of a set
S ∈ Σ by max (S ,�), that is:

max (S ,�) = {x ∈ S | @y ∈ S for which y � x}

Definition
A choice function is fully rational if there exists a complete order �
on X such that {γ (S)} = max (S ,�) for all S ∈ Σ.
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WARP: If x = γ (S), y ∈ S and x ∈ T then y 6= γ (T ).

Failures of WARP may mix together more than one elementary form
of inconsistency.

Elementary form of menu independence:

Condorcet consistency: If x = γ ({x , z}) for all z ∈ S\ {x} for
some S ∈ Σ, then x = γ (S).

�γ = the base relation of γ

Pairwise consistency: �γ is acyclic.

ObservationLet X be finite. Then a choice function on Σ satisfies
WARP if and only if satisfies both Condorcet consistency and Pairwise
consistency.
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In MM 2007 we focussed soley on explaining pairwise inconsistency:
typical choice experiment
Choose between:
(A) 7/24 chance of $50
(B) 8/24 chance of $47.50
(C) 9/24 chance of $45
(D)10/24 chance of $42.50
(E) 11/24 chance of $40
A better than B; B better than C;C better than D;D better than E;
but:
E better than A.
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Many experimental data show gross violations of pairwise acyclicity.

But menu effects are important!

Doctors’choices

Our own experiment

Iyengar and Lepper’s experiment

We need a model that accommodates both types of inconsistency
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Definition

A shading relation on X is an asymmetric (possibly incomplete)
relation � on 2X \∅.

When R � S , category S is ignored if category R is available: R
shades S .

More than one criterion may be relevant in the categorization stage
⇒ categories aren’t necessarily mutually disjoint (e.g. flights can be
both cheap and convenient).

Given a shading relation � and S ∈ Σ, the � −maximal set on S is
given by:

max (S ,�) =
{
x ∈ S | for no R ′,R ′′ ⊆ S it is the case that R ′ � R ′′

and x ∈ R ′′
}
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Any asymmetric and complete binary relation on X is a preference.

Definition

A choice function γ is Categorize-Then-Choose (CTC) if and only
if there exists a shading relation � and a preference �∗ such that:

For all S ∈ Σ: γ (S) ∈ max (S ,�) and γ (S) �∗ y
for all y ∈ max (S ,�) \ {γ (S)} ,

In this case � and �∗ rationalize γ.

Reasonable possibility that some groups of alternatives are not
comparable to others ⇒ survive the first stage even though they are
not a ‘most salient’category.

E.g. {Italians} � {Mexicans} but {Alaskan} is not related ⇒ the
agent neglects {Mexicans} but is willing to compare Alaskan
restaurants in detail with the Italian ones in the second stage.

‘Negative’view of the first stage elimination: agent ignores losers.
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A weakening of WARP:

Weak WARP (WWARP): For all R,S ∈ Σ : If {x , y} ⊂ R ⊂ S and
x = γ ({x , y}) = γ (S) then y 6= γ (R).
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WWARP allows for some form of menu dependence, but does impose
some discipline upon it.

a1

a3 a4

a2

x y

suppose x is chosen over y in pairwise choice;

add alternatives, and now y is chosen over x in superset T;

if you add even more alternatives, the choice cannot switch back
to x in set R.
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Weak WARP allows for some form of menu dependence, but does
impose some discipline upon it.

a1

a3 a4

a2

T
x y=γ(T)

suppose x is chosen over y in pairwise choice;

add alternatives, and now y is chosen over x in superset T;
if you add even more alternatives, the choice cannot switch back
to x in set R.
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Weak WARP allows for some form of menu dependence, but does
impose some discipline upon it.

a1

a3 a4

a2

T
x

γ(R) ≠ xR

y=γ(T)

suppose x is chosen over y in pairwise choice;

add alternatives, and now y is chosen over x in superset T;
if you add even more alternatives, the choice cannot switch back
to x in set R.
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Menu effects:

{y} � {x ,w , z}
x �∗ y ,w , z

=⇒ x always chosen in pairwise comparisons but y chosen overall.

Cycles:

x �∗ y �∗ z �∗ x
{x , y} � {z}

=⇒ x chosen overall but pairwise choices cycle (don’t need cyclical
�∗).
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Theorem
A choice function γ is CTC if and only if it satisfies WWARP.
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Sketch of suffi ciency part: construct explicitly � and �∗ which are
asymmetric and do the job, as follows:

�∗ is the base relation, whereas
� takes care of all those sets such that the choice is ‘beaten’in
pairwise comparisons by some other alternative.

For all such sets, partition them in upper contour set and the rest
(i.e. the choice and its lower contour set):
� relates the choice and its lower contour set to the choice’s
upper contour set.

For a choice function γ and a set S ∈ Σ define:

Upγ(x , S) = {y ∈ X |y �γ x} ∩ S

and
Loγ(x ,S) = {y ∈ X |x �γ y} ∩ S
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x

l1
u2

l2

l4

l3u1
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x

l1
u2

l2

l4

l3u1
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x

l1
u2

l2

l4

l3u1

S
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x

l1
u2

l2

l4

l3u1

RS
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x

l1
u2

l2

l4

l3u1

RS
RB1S
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Choosing from a maximally salient category

Suppose categories are {cheap restaurants}, {expensive restaurants},
{Italian restaurants}, {Mexican restaurants} and

{cheap restaurants} � {expensive restaurants}

{Italian restaurants} � {Mexican restaurants}

You end up considering (i.e. applying a preference relation �∗ to)
only cheap Italian restaurants, even though {cheap Italian
restaurants} is not a category.



Motivation Model Results Alternative formulation Remarks on Welfare Concluding remarks

Choosing from a maximally salient category

Define the set of categories in S by

C (S ,�) =
{
R ⊂ S |R � R ′ or R ′ � R for some R ′ ⊂ S

}
R∗S is maximally salient in S if

R∗S � R for all R ∈ C (S ,�) \R∗S

Definition
A choice function γ is a Salience CTC if and only if there exists a
shading relation � and a preference �∗ such that

For all S ∈ Σ: γ (S) ∈ R∗S whenever R∗S is maximally salient in S and
γ (S) � ∗y for all y ∈ (S ∩ R∗S ) \ {γ (S)}
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Choosing from a maximally salient category

Note: agent must pick exclusively from the maximally salient
category R∗S . All uncategorised alternatives are ignored.

Despite strong requirements, a Salience CTC not a strengthening of a
CTC.

Violation of WWARP:

{y} � {x , z}, {x ,w} � {y , z} , {x , z} , {y}
x �∗ y , z
=⇒ x = γ ({x , y}) = γ (X ) and y = γ ({x , y , z}).
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Comparing only disjoint or only nontrivial categories

Suppose:
(i) R ∩ S = ∅ whenever R � S ;
(ii) |R ∪ S | > 2 whenever R � S .

Proposition

A choice function γ is CTC with (i) and (ii) if and only if it satisfies
WWARP. Moreover, if there is a preference relation �∗ that
rationalizes γ, it is unique: that is, if (�,�∗) and (�′,�∗′) both
rationalize γ, then �∗=�∗′.
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Consistent categorizers

It may happen that:

{Antonio’s place, Gino’s place, Maria’s place} � {El Taco}

but NOT

{Maria’s place} � {El Taco}

Can make sense, e.g. Scarcity bias experiment:

{three brown teddy-bears} � {fifteen beige teddy bears}
{three beige teddy bears} � {fifteen brown teddy bears}

while (presumably) no shading between {three beige teddy bears} and
{three brown teddy bears}.
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Consistent categorizers

In other leading cases a sensible requirement might be:

Consistency: If R ∈ C (X ,�) and R ∩ T 6= ∅ for some T ∈ Σ, then
R ∩ T ∈ C (T ,�). And if R � S then, for any T ∈ Σ for which
R ∩ T 6= ∅ 6= S ∩ T , it is the case that R ∩ T � S ∩ T .

Definition

A choice function γ is a Consistent CTC (respectively, a Consistent
Salience CTC) if and only if it is a CTC (Salience CTC) and the
shading relation � satisfies Consistency.
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Proposition

A Consistent CTC satisfies Expansion (and thus Condorcet
consistency).

Any form of menu dependence in choice is forbidden

=⇒ Consistent categorizers look in this case exactly like sequentially
rational agents!(MM 2007).
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Consistent categorizers

Even more dramatic consequences with Salience CTC:

Proposition

A Consistent Salience CTC is fully rational.

=⇒ Consistent categorizers look in this case exactly like rational
agents!

Transitive and menu independent behavior does not derive from direct
transitivity assumption on criteria, but from consistency in cognitive
process.
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Identification problems

How would we characterise the agent’s welfare?

The preference �∗ can be assumed welfare-relevant, but maybe not
only this component

If {Micro candidates} � {Macro candidates}, we can perhaps
say that your department is better off with a micro candidate

{Italian restaurants} � {Mexican restaurants}, we can perhaps
say that on average you are better off with an Italian.

{items on the first page of a google search} � {other items}, no
obvious welfare content



Motivation Model Results Alternative formulation Remarks on Welfare Concluding remarks

Identification problems

Even these statements presuppose that we have been able to identify
that � and �∗ are what we say they are.

E.g. �∗ may represent in fact a salience ordering and not a preference.

Other models with different primitives might explain the same set of
data.

Bernheim (2009) focusses on such identification problems as a
formidable challenge to welfare analysis.
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Identification problems

NOTE: Identification problems pose a challenge of exactly equal force
to standard welfare analysis.

An external observer faced with choice data satisfying WARP is not
automatically legitimised to take the inferred ‘revealed preference’
relation P as a welfare ranking.

He might be facing a boundedly rational agent who is a consistent
categorizer...

...or a checklist user as in MMM (2009):

both these models satisfy WARP and are thus indistinguishable from
preference maximisation by means of choice data alone.
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Possible solutions

One solution: Bernheim and Rangel (2009): give up trying to identify
the decision procedure actually followed by the agent, and simply
respect choices ‘qua choices’.

Strict welfare dominance: xP∗y iff there is no S ∈ Σ∗ such that
x ∈ S and y = γ (S), where Σ∗ is a subdomain of Σ which is deemed
relevant for welfare analysis.

Weak welfare optima in S = set of alternatives which are not
P∗−dominated in S .
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Try to apply the BR idea in the context of our model.

x �∗ y , z , {y} � {x , z}

+ � is consistent =⇒ {y} � {x} and {y} � {z} hold.

Suppose further that � has no welfare content (e.g. marketing
manipulation, y is a salient brand), whereas �∗ expresses the true
agent’s welfare.

Is there a subdomain Σ∗ that reflects, through the BR methodology,
the true welfare ranking x �∗ y , z?
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We have yP∗x , y
=⇒ y is a unique weak welfare optimum in {x , y , z} when Σ∗ = Σ.

Whenever x and y are available, yP∗x =⇒ there is no subdomain Σ∗

which can reflect the welfare inferiority of y with respect to.

The most one can do is to simply disqualify y from the competition,
refusing to consider any choice situation in which y appears (and thus
is chosen).

Isn’t justifying the disqualification = having a model?
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Suppose now agent is CTC but not a consistent categorizer: only
{y} � {x , z} (while �∗ is as before).

Here weak welfare optima in {x , y , z} are {x , y}, since
y = γ ({x , y , z}) and x = γ ({x , y}).

With information that the choice in the grand set is ‘suspect’, BR
would exclude {x , y , z} from the construction of P∗

=⇒ xP∗y
=⇒narrowing welfare optima to {x}.

In this case information on the agent’s cognition permits the BR
method to uncover the ‘true’welfare relation.
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Same welfare conclusion reached by the use of our model with
different logic.

If restricted version of the CTC model holds, binary choices uniquely
explained by �∗ =⇒ welfare conclusion can be attained directly.

But we can say something even on the assumption that the
non-restricted version of the model holds.

x = γ ({x , y}) and y = γ ({x , y , z}) directly reveal that x �∗ y :

(if {x} � {y} it could not be y = γ ({x , y , z}))

=⇒ choice in {x , y} must be driven by preference, not by
categorization (observation holds in general)
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Identification issue of course remains.

But ‘a binary choice contradicted in a larger set reveals preference’
does not need a full model identification to hold.

Common to three two-stage models: ours and
Cherepanov, Feddersen and Sandroni’s Rationalization model
Lleras, Mastlioglu, Nakajima and Ozbay’s Limited consideration Model

Several plausible but psycholgically distinct models converge in
identifying a preference ‘revelation mechanism’=⇒ more confidence
in welfare judgements
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Some simple comparative statics

Suppose �γ=�∗ can be interpreted as a welfare ranking.

Standard rationality: the chosen alternative beats all available ones.
=⇒ adding an inferior alternative does not increase welfare
=⇒ adding an inferior alternative does not decrease welfare

CTC: choice in a set is not necessarily pairwise winner

What happens if you add alternatives/make it a more complex
problem?

Definition

T is welfare superior to S if γ (T ) �γ γ (S)
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Simple comparative statics

Proposition

(Welfare comparative statics) Suppose the CTC model holds. If either:
(i) S = T\ {r}, r 6= γ (T ), or
(ii) T = S ∪ {r}, γ (S) �γ r ;
then T cannot be welfare superior to S.

s1
s5

s3
s4

r

i) remove from T unchosen
alternatives: S=T\{r}

s2

T

γ(T)
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Simple comparative statics

Proposition

(Welfare comparative statics) Suppose the CTC model holds. If either:
(i) S = T\ {r}, r 6= γ (T ), or
(ii) T = S ∪ {r}, γ (S) �γ r ;
then T cannot be welfare superior to S.

s1=γ(S)
s5

s3
s4

r

i) remove from T unchosen
alternatives: S=T\{r}

s2

T

γ(T)
s1=γ(S)

s5

s3
s4

r

i) remove from T unchosen
alternatives: S=T\{r}

s2

T

γ(T)

s1
γ(S)

s3
s4

r

ii) Add to S a dominated
alternative: T=S∪{r}

s2

T
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Simple comparative statics

Proposition

(Welfare comparative statics) Suppose the CTC model holds. If either:
(i) S = T\ {r}, r 6= γ (T ), or
(ii) T = S ∪ {r}, γ (S) �γ r ;
then T cannot be welfare superior to S.

go to proof

s1=γ(S)
s5

s3
s4

r

i) remove from T unchosen
alternatives: S=T\{r}

s2

T

γ(T)
s1=γ(S)

s5

s3
s4

r

i) remove from T unchosen
alternatives: S=T\{r}

s2

T

γ(T)

s1
γ(S)

s3
s4

r=γ(T)

ii) Add to S a dominated
alternative: T=S∪{r}

s2

T
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Simple comparative statics

Bottomline:

1 the bad news: adding an inferior alternative may make DM
worse off :the abundance of alternatives may induce DM in
categorizations that mentally delete an alternative which would
be valued better in pairwise comparisons ⇒DM can be
manipulated to his detriment (e.g. marketing)

2 the good news: deleting unchosen alternatives (good or bad)
never makes DM worse off, even if he changes his choice⇒
simplifying the problem can never be bad, even if DM is
boundedly rational. e.g. Schwartz (2000)’s Tyranny of freedom,
Reutskaja and Hogarth 2009.
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Wrapping up

Mullainathan 2000, and Mullainathan, Schwartzstein and
Schleifer 2008 study the way categorisation affects the inferences
made by the agents, and how such non-Bayesian’inferences can
be exploited by other economic actors.

Fryer and Jackson (2008) study a model of how categories are
formed. ‘Optimal categorization’.

In contrast, in this paper we have instead concentrated on the
pure choice-theoretic implications of thinking on terms of
categories.
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Related two-stage models of choice: Cherepanov, Feddersen and
Sandroni (2008), Lleras, Mastlioglu, Nakajima and Ozbay (2009),
Mastlioglu, Nakajima and Ozbay (2009).

Attractions of this class of models:

1 easy testability by means of choice data;
2 ability to explain menu effects
3 clues to model-based welfare analysis with bounded rationality.
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THANK YOU!


	Motivation
	Model
	Results
	Alternative formulation
	Remarks on Welfare
	Concluding remarks

