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Abstract

I derive a theoretical model of choice bracketing from two behavioral axioms in an expected
utility framework. The first behavioral axiom establishes a direct link between narrow bracket-
ing and correlation neglect. The second behavioral axiom identifies the reference point as the
place where broad and narrow preferences are connected. In my model the narrow bracketer
is characterized by an inability to process changes from the reference point in different dimen-
sions simultaneously. As a result, her tradeoffs between dimensions are distorted. While she
disregards interactions between actual outcomes, she appreciates these interactions mistakenly
with respect to the reference point. In addition to the theoretical contribution, I present an ex-
periment which demonstrates the empirical testability of my model and provides preliminary

evidence in support of its validity.
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1 Introduction

The amount of decisions that we face and the interdependencies between all of these decisions
force us to apply a simplified view of the world. We isolate decisions from one another to be able
to make them at all. Following Read et al.| (1999b)) this mental procedure is referred to as choice
bracketing. A decision maker who assesses all of her decisions jointly to find the optimal combi-
nation is referred to as a broad bracketer. A narrow bracketer takes some or all of her decisions
in isolation, disregarding their interdependencies. As a result, the combination of decisions that a

narrow bracketer makes is rarely optimal.

I present a theoretical model of choice bracketing. The model is derived from a choice-
theoretic foundation in the context of expected utility. My model is applicable to a large variety of
economic settings. In particular, it is the first theoretical model of choice bracketing that allows for
multidimensional outcomes. Consequently, my model opens up the possibility to study the effects
of narrow bracketing in many important economic settings ranging from basic consumption basket
choice to complex multiattribute negotiations. Furthermore, I resolve the general incompatibility
of narrow bracketing and budget balance. Finally, my model enables me to derive meaningful
predictions for the behavior of a narrow bracketer who is not loss-averse at the same time, isolating
the two behavioral biases from one antoher. In addition to the theoretical contribution, I present an
experiment which demonstrates the testability of my model and provides preliminary evidence in

support of its validity.

Empirical and experimental evidence suggests that narrow bracketing affects behavior in
many important economic settings including, for example, labor supply decisions (Camerer et al.,
1997)), investment decisions (Kumar and Lim| 2008}; Thaler et al.,|{1997;|Gneezy and Potters||[1997),
trade between agents (Kahneman et al, |1990), retirement savings decisions (Choi et al., [2009;
Brown et al., 2008)), consumption decisions (Abeler and Markleinl 2017} Read and Loewenstein,
19935), decisions under risk (Rabin and Weizsicker, [2009), and intertemporal decisions (Koch and
Nafziger, [2020; |/Andreoni et al.| [2018; [Read et al., [1999a). The prevalence of narrow bracketing
is demonstrated by |[Ellis and Freeman| (2020). Across three different contexts they find that only
0 — 15% of subjects in their experiment are consistent with broad bracketing while 40 — 44% of
subjects are consistent with narrow bracketing. Furthermore, Mu et al| (2020) show that under
the assumption of broad bracketing the principle of stochastic dominance is incompatible with the
common observation that decision makers are risk-averse over small gambles, providing a theo-
retical argument for the importance of accounting for narrow bracketing when modeling decision
making under risk.

Despite the ample evidence of both prevalence and relevance of narrow bracketing, we still
lack a generally applicable theoretical model of this important behavioral bias. Providing such a

model is the main contribution of my paper.

A decision maker (DM) faces a series of intermediate decisions. Together, these intermediate
decisions comprise the prospect she receives. A prospect is a probability distribution on a mul-
tidimensional outcome set. Each prospect is decomposed into several subprospects representing
the intermediate decisions. There is one subprospect for each dimension of the outcome set. The
subprospect corresponding to a given dimension of the outcome set is the marginal distribution on
that dimension induced by the prospect it comprises.



DM is characterized by two preference relations on prospects. Her broad preference relation
captures her true preferences. If DM brackets broadly, she makes choices in line with her broad
preference relation. If DM brackets narrowly, her choices are governed by her narrow preference
relation instead. DM’s narrow preference relation is characterized by a system of brackets. The
system of brackets partitions the subprospects comprising an overall prospect into distinct groups
(brackets). I take the system of brackets as given It determines the degree to which DM brackets
narrowly. While a fully narrow DM puts each subprospect into a distinct bracket, a fully broad
DM has only one bracket including all subprospects that comprise the overall prospect.

I derive a representation for DM’s narrow preference relation from her broad preference re-
lation and two behavioral axioms. I do so in the framework of expected utility. My first behavioral
axiom specifies the mistake that a narrow bracketer makes. It identifies correlation neglecﬂ as
the central flaw of narrow decision making. A narrow DM considers the subprospects inside a
given bracket in isolation, disregarding all subprospects outside of that bracket. Of course, if these
other subprospects are entirely independent of the considered subprospects, there is no harm done
in disregarding them. If, however, these other subprospects are correlated with the considered
subprospects or there are important interdependencies between the subprospect outcomes, disre-

garding them becomes a problem.

My second behavioral axiom ties the narrow preference relation to its broad couterpart. The
broad and narrow preference relations belong to one and the same DM. While the one captures
DM’s true preferences, the other captures the choices she makes. Therefore, the narrow preference
relation may depart from the broad preference relation only if that departure can be rationalized
by DM’s bracketing behavior. In principle a narrow bracketer disregards all interdependencies be-
tween subprospects across brackets. However, I assert that the narrow bracketer is not entirely ig-
norant with respect to these across-bracket interdependencies. I assume that there exists a specific
outcome, the reference poinﬂ at which she retains her ability to process all brackets simultane-
ously. Therefore, the narrow preference relation agrees with the broad preference relation for any
two prospects that differ from each other and the reference point in at most one bracket. Intuitively,
the reference point captures an outcome that DM is used to and therefore comfortably able to keep

the overview of.

The derived expected utility representation of the narrow preference relation is additively
separable across brackets. The narrow bracketer’s expected utility from a given prospect can be
decomposed into a sum of expected utilities from its bracketwise subprospects. Additive separa-
bility is implied by my correlation neglect axiom. To establish it I apply a theorem derived by
Fishburn| (1967) in the framework of multiattribute utility theory to my setting. The axiom that
ties the narrow preference relation to its broad counterpart via the reference point imposes fur-
ther structure on the narrow bracketer’s bracketwise expected utilities. For a given bracket the
expected utility function of the narrow bracketer is equivalent to the broad bracketer’s expected

utility function with all outside-bracket outcomes fixed at the reference point.

'For models of endogeneous bracket formation in the context of intertemporal decision making see, e.g., |Galperti
(2019); Hs1iaw| (2018); [Koch and Nafziger| (2016). Relatedly!Koszegi and Matéjkal (2020) present a model of how people
form mental budgets.

2For related papers on correlation neglect see, e.g., Enke and Zimmermann, (2018); [Ellis and Piccione| (2017); [Eyster
and Weizsacker| (2016).

5The concept of a reference point was introduced by [Kahneman and Tversky| (1979) in the context of prospect theory.



My representation theorem reveals that when evaluating a prospect, the narrow bracketer
can be modeled as using the same expected utility function as the broad bracketer. However,
she applies that expected utility function separately to each bracket in her system of brackets.
For each bracket she evaluates the broad expected utility function at the subprospects inside that
bracket while keeping all other subprospects fixed at the reference point. Finally, she takes the
sum of all of these bracketwise expected utilities. As a result, the narrow bracketer disregards any
interactions between subprospects across brackets. However, she appreciates these interactions
mistakenly with respect to her reference point.

My model of choice bracketing is simple in the sense that the derived representation of the
narrow preference relation can be treated in exactly the same way as any broad expected utility
representation. We can thus use the standard economics toolbox and the large body of existing

results from microeconomic theory to study the choices of a narrow bracketer.

In particular, the model can be used in standard constrained (expected) utility maximization
problems. One of the main obstacles towards formalizing the intuition of choice bracketing is that
narrow bracketing is not readily compatible with the principle of budget balance. While narrow
bracketing is associated with a decision maker’s inability to think multidimensionally, budget bal-
ance requires her to make tradeoffs between dimensions. My model resolves this incompatiblity
of narrow bracketing and budget balance by introducing the reference point. At the reference point
the narrow bracketer retains her ability to think multidimensionally. However, since she is unable
to process changes from the reference point in different dimensions simultaneously, her tradeoffs

between dimensions are distorted.

Existing experiments on choice bracketing circumvent dealing with the general incompat-
ibility of narrow bracketing and budget balance by design (see, e.g., |[Ellis and Freeman, 2020j
Rabin and Weizsicker, 2009; [Tversky and Kahneman| |1981). They restrict attention to settings
where the intermediate decisions that comprise an overall decision are not connected via a budget
constraint. Then, a subject’s choice in one intermediate decision has no influence on the choices

available to her in any other intermediate decision.

Barberis and Huang (2009) and Barberis et al.| (2001) present theoretical models of choice
bracketing that remedy the incompatibility of narrow bracketing and budget balance by assuming
that the narrow bracketer evaluates her utility function separately for each decision she takes and
then maximizes the sum over all these individually evaluated utilities. Their model has been used to
study choice bracketing in economic applications including portfolio choice (Barberis and Huang|
2009; Barberis et al., 20065 [Benartzi and Thaler}, |1995)), asset pricing (Barberis and Huang} 2001}
Barberis et al., 2001), and self-control problems (Koch and Nafziger, 2016} Hsiaw} 2018)). My
model of choice bracketing contributes to this literature in three respects. First, it provides a
choice theoretic foundation for the additive formulation of |Barberis and Huang| (2009). Second, it
extends the set of possible applications considerably by allowing for multidimensional outcomes.
Third, by explicitly modeling the system of brackets, it allows for more subtle forms of partial

narrow bracketing.

Barberis and Huang| (2009) and Barberis et al. (2006) capture partial narrow bracketing
through a global-plus-local utility function. This means that they model the partial narrow brack-
eter as evaluating the weighted sum of broad and fully narrow utility such that the weight attached

to the fully narrow utility measures the extent of narrow bracketing. This formulation obviously



has the advantage of being more simple than my approach. However, this simplicity comes at a
cost. It blurs the very basic intution of choice bracketing and does not allow for investigations
of the effects that a change in the system of brackets has on the behavior of a narrow bracketer.
Furthermore, experimental results of [Ellis and Freeman| (2020) suggest that the costs of simplicity

as imposed by the global-plus-local formulation may outweigh its benefits.

My model of choice bracketing reveals a tight relation between narrow bracketing and bud-
geting, which besides narrow bracketing is another important aspect of mental accounting as out-
lined by [Thaler| (1999). It is intuitively appealing to think of a consumer who chooses a complex
consumption bundle as following a two-stage procedure (Gilboa et al.,2010). In the first stage,
the budgeting stage, she optimally distributes her budget across general categories of goods like
clothing, food, and entertainment. Then, in the second stage she decides separately for each good
category how to allocate her category budget from the first stage across the individual goods be-
longing to that category. Such a budgeting procedure is generally admissibile if and only if the
utility function is additively separable across good categories (Gorman, |1959; |Strotz, |1957,[1959).
Thus, akin to Blow and Crawford| (2018))’s definition of boundedly rational mental accounting,
additive separability of the narrow preference representation implies that a narrow bracketer can
be interpreted as using the described budgeting procedure although her broad preferences do not

allow it.

To demonstrate the effects that narrow bracketing has on behavior in basic economic settings,
I apply my model to the economics 101 consumer’s constrained utility maximization problem with
two goods. Additive separability of the narrow preference representation implies that any interac-
tions between the two goods in her bundle are disregarded by the narrow bracketer. This disregard
is nicely illustrated by the shape of the narrow indifference curves in comparison to their broad
counterparts. If the goods have negative interactions akin to substitutabilities, the narrow indiffer-
ence curves are more convex than their broad counterparts. If the goods have positive interactions
akin to complementarities, the narrow indifference curves are less convex than their broad coun-
terparts. Intuitively, the more convex an indifference curve, the more complementary are the two
goods. Thus, a narrow bracketer regards two substitutable goods as more complementary than

they actually are and vice versa for two complementary goods.

However, while disregarding interactions for the consumption bundle she receives, the nar-
row bracketer is not fully ignorant of their existence. She mistakenly appreciates the interactions
separately for each good dimension of her bundle with respect to her reference point. The narrow
bracketer does not consider changes from the reference point in the two good dimensions simul-
taneously. Thus, when thinking about an alteration of her bundle away from the reference point
in one good dimension, she keeps the respective other good dimension fixed at its reference point

level. As a result, the tradeoffs she makes between the two good dimensions are distorted.

For illustration, suppose the two goods have positive interactions and the reference point is
unbalanced towards the first good dimension. The higher reference point in the first good dimen-
sion implies that increases in the second good dimension are percieved by the narrow bracketer as
more attractive than they actually are. At the same time, the lower reference point in the second
good dimension makes increases in the first good dimension seem less attractive than they actu-
ally are. The narrow bracketer’s mistaken attribution of interactions to the respective reference

point levels instead of the amounts in her actual bundle move her optimum away from the refer-



ence point. In contrast, if the two goods have negative interactions, the narrow bracketer’s chosen

bundle is closer to the reference point than her optimal bundle.

I also study the implications of choice bracketing in an Edgeworth-box exchange economy
assuming status-quo reference points. I find that, starting from any initial endowment structure, in
the case of positive interactions the volume of trade is higher if the trading parties bracket narrowly.
In contrast, in the case of negative interactions narrow bracketing results in a lower volume of
trade. This result has important implications for how the procedures of negotiations affect their
outcomes. Especially, it calls into question the general practice of splitting up multidimensional
negotiations, negotiating every aspect of a deal separately, since this might induce the involved

parties to bracket narrowly.

A recent related literature shows how a consumer’s limited attention to price or preference
shocks provokes behavior akin to the narrow consumer’s behavior in my model. For different
definitions of limited attention, papers by [K&szegi and Maté€jkal (2020), [Lian| (2020), and |Gabaix
(2014) show that in reaction to such a shock in one good dimension, the inattentive consumer
behaves as if she (partially) disregards interactions of that good with the other goods in her bundle.
I model narrow bracketing directly. Therefore, in contrast to models based on limited attention
my model has bite also in settings with perfect information on prices and preferences. Indeed,
experimental evidence suggests that narrow bracketing readily occurs even in such deterministic
settings (see, e.g., Ellis and Freeman), |2020; |Rabin and Weizsicker, [2009)).

Finally, I present the results of an online laboratory experiment. The main goal of the experi-
ment is to demonstrate the empirical testability of my model. On a secondary note my experimen-
tal results provide preliminary evidence for the validity of my model. I show how to construct an
experimental design that can test both the validity of my behavioral axioms and my model’s pre-
dictions on the role of the reference point in narrow decision making. I compare behavior within
subject in equivalent two-dimensional decision problems across two treatments. In the braod treat-
ment subjects can access information on both dimensions of the decision problem jointly. In the
narrow treatment subjects can access information on the two dimensions of the decision problem
only separately. Furthermore, I impose a waiting time in-between accessing the information on
each of the two dimensions of the decision problem that makes switching between the information

on the dimensions costly.

A decision problem in the experiment is a multiple choice list between a portfolio and an
increasing certain payment. I use the multiple choice list to elicit subjects’ willingness to pay
(WTP) for the portfolio. Each portfolio consists of two assets, a blue asset and an orange asset.
The assets yield blue and orange point earnings respectively depending on the toss of a coin.
Payments are determined by the combination of blue and orange point earnings. The payment rule
induces interactions between blue and orange points to make the problem interesting in the context
of my model.

To gain control over the reference point that subjects use in my experiment I introduce a
base-portfolio. The base-portfolio is deterministic and kept constant over the course of the ex-
periment. Every decision in the experiment is implemented with probability 0.5. If a decision is
not implemented, the subject receives the base-portfolio instead. This approach of influencing the

reference point that subjects use is inspired by |Abeler et al.| (2011).



The portfolios for which I elicit WTP are chosen such that my behavioral axioms and model
predictions can be tested by comparing the WTP differences for pairs of portfolios across the two
treatments. Despite observing a relatively small treatment effect, I find support for my model
of choice bracketing. The experimental evidence is partially in line with my correlation neglect
axiom. Furthermore, my second behavioral axiom on the connection of broad and narrow pref-
erences via the reference point is fully supported. However, I do not find support for my model
prediction on the role of the reference point. Overall, the results of my experiment serve as prelim-
inary evidence for the validity of my model. More generally, the experiment demonstrates that my
model of choice bracketing is empirically testable and provides a guideline for future experimental
investigations, possibly amplifying the suggested treatment variation to induce a larger treatment
effect.

The main respect in which my experiment departs from the experimental literature studying
narrow bracketing is the treatment design. Existing apporaches to experimentally separate broad
from narrow bracketing can be roughly categorized into two groups. First, broad and narrow
treatments differ in whether subjects make decisions simultaneously or sequentially (see, e.g.,
Rabin and Weizsicker, 2009 Read et al.| 2001, [1999a)). Second, broad and narrow treatments
differ in whether subjects’ rewards from their decisions are aggregated or separated (see, e.g.,
Koch and Nafziger, 2020; Stracke et al., 2017} |Gneezy and Potters, [1997). I employ a treatment
variation that allows for a direct test of my behavioral axioms. Instead of fully isolating the two
dimensions of the decision problem in the narrow treatment, I preserve its multidimensional nature
across treatments. I only vary the ease at which subjects can jointly access information on the two
dimensions of the decision problem. As a side effect, my treatment variation is less convoluted
with other factors such as, for example, reduced complexity, time preferences, and presentation
effects.

The paper proceeds as follows. In Section 2] present the model. In Section [3|1 derive pre-
dictions of my model for constrained utility maximization and an exchange economy. In Section

M1 discuss the experimental test of my model. Section [5]concludes.

2 The model

2.1 Theoretical framework

The outcome set X is a Cartesian product [[;; X;. I is a finite set {1,2,...,n} indexing the dimen-
sions of an outcome x € X. Let P denote the set of all finite discrete probability distributions on
the set of all subsets of X. A prospect P € P is a probability distribution over the multidimensional
outcomes assigning to each outcome x € X its probability P(x). If P € P, then 0 < P(x) < 1 for
allxeXand Y cx P(x) = 1.

The domain of preference is the set of all prospects. A decision maker (DM) is characterized
by two preference relations on the set of prospects. Her broad preference relation =;, and her
narrow preference relation '=,. Consider prospects P,Q € P. [P =, Q] indicates that P is weakly
preferred to Q according to =p,. As usual, [P >, Q] indicates [P =, Q and not P =, Q] while
[P ~p, Q] indicates [P =, Q and P =, Q]. The indications apply analoguously to >=,.



I interpret DM’s broad preference relation as capturing her true preferences in the sense that
if she brackets broadly, her choices are in line with »=;. If DM brackets narrowly, her choices may
not be in line with her true preferences. I interpret =, as the preference relation that governs the
narrow DM’s choices.

Assumption 1 (Richness). Every probability distribution over outcomes that takes only finitely

many values is available in the preference domains of =, and >=,.

So far, my theoretical framework closely follows the literature on multiattribute utility theory
(see e.g. [Keeney and Raiffa, (1993} [Fishburn, (1965} |1967). To accomodate the idea of choice
bracketing I now carry the multiattribute nature of outcomes over to the prospect that generates

them.

Let P, be the set of all finite probability distributions on X;. For every prospect P € P there
exists an element P; € P, which is the marginal distribution on X; induced by P. Refer to P; as
subprospect i of prospect P. I can now write each prospect P as a collection of subprospects

corresponding to its outcome dimensions, P = (P}, Py, ..., P,).

The decomposition of prospects into subprospects captures that a DM’s overall decision for a
specific prospect is the result of several intermediate decisions. In each intermediate decision DM
chooses a subprospect. Taken together these subprospects then generate the overall prospect. In
the multidimensional outcome arising from this prospect each dimension represents the outcome

of one subprospect.

As long as DM brackets broadly, i.e. makes choices in line with =, the above decomposition
of prospects is redundant. A broad bracketer chooses the same prospect independent of whether
this choice is the result of just one or several intermediate choices. A narrow bracketer, however,
does not keep track of the interdependencies between all intermediate decisions. Therefore, a
narrow bracketer’s overall decision for a specific prospect depends on whether it is decomposed

into subprospects or not.

In its most extreme form, narrow bracketing means that DM decides about each subprospect
in isolation disregarding its interdependencies with any other subprospect she chooses. I allow for
less extreme forms of narrow bracketing in which DM retains her ability to process subsets of her
intermediate decisions jointly. Therefore, I define a system of brackets characterizing the narrow
preference relation. The system of brackets partitions the collection of subprospects that generate

the overall prospect into distinct groups (brackets).

The system of brackets B characterizing ‘=, is a set {By, B, ..., B;y} of nonempty subsets of
the outcome dimension index set / with |JjL; Bj = I. We refer to B; as bracket j of the system
of brackets B. Let P’ be the set of all finite discrete probability distributions on the set of all
subsets of the outcome set in bracket B, X I =Tl B; Xi- For every prospect P € P there exists an
element P/ € P/ which is the marginal distribution on X/ induced by P. We refer to P/ as the jth
bracket prospect of P. Given a system of brackets B, we can write each prospect P as a collection
of bracketwise prospects, P = (Pl,Pz, ...,P™), and each outcome x as a collection of bracketwise
outcomes, x = (x!,x2,...,x™) where x/ = (xi)iep; for j=1,2,...,m.

When a prospect P € P is deterministic, i.e. P(x) = 1 for some x € X, I refer to that prospect
directly by its outcome x. Similarly, I refer to a deterministic subprospect P; € Z; by its outcome
x; € X; and to a deterministic bracketwise prospect P/ € P/ by its bracketwise outcome x/ € X/.



Given two prospects P, Q € P, denote by (P/,Q~/) € P the prospect generated by combining
the jth bracket prospect P/ of P with all but the jth bracket prospects of Q. Given two outcomes
x,y € X, denote by (x/,y~/) € X the outcome that combines the jth bracket outcome, x/, in x with
all but the jth bracket outcomes in y.

In gerneral, you can think of the multidimensional nature of outcomes in my framework in
two ways. First, in line with what is normally thought of in the multiattribute utility literature,
the outcomes of different subprospects may as such be qualitatively different from one another,
naturally giving rise to a multiattribute formulation. For example, the overall outcome could be
a consumption basket which is comprised of many individual goods, the different outcome di-
mensions, each of which was individually put into the basket by DM on her way through the

supermarket.

Second, capturing the possibility of narrow bracketing in cases where outcomes do not have
a multiattribute nature as such, I allow for a distinction between outcome dimensions that are
qualitatively the same but are the result of distinct intermediate decisions. For example, the over-
all outcome could be total money earnings from a portfolio comprised of the earnings from a

collection of assets, the outcome dimensions, each of which was puchased individually by DM.

2.2 Axiomatic foundation

In the following I derive a utility representation for the narrow preference relation =, from the
broad preference relation »=;. I do so in the framework of expected utility (EU), implicitly assum-
ing that the axioms underlying the EU representation are fulfilled for each of the two preference

relations >=; and #nﬂ

Assumption 2 (EU).

(1) There exists a function u : X — R, the broad utility function, such that for all prospects
O,Re P, Q =, R< EU(Q) > EU(R) with EU(P) := Y,cx P(x)u(x). u is unique up to
positive affine transformation.

(2) There exists a function i : X — R, the narrow utility function, such that for all prospects
Q.R€ P, Q =, R < EU(Q) > EU(R) with EU(P) := ¥,cx P(x)ii(x). @ is unique up to
positive affine transformation.

My approach for finding a utility representation of the narrow preference relation proceeds as
follows. I ask myself two basic questions about the behavior of a narrow bracketer. The answers to
these questions are captured in my two behavioral axioms. Together with Assumption2](EU) these

two behavioral axioms determine the shape of the narrow bracketer’s preference representation.

What is the narrow bracketer’s mistake? First, I restrict my attention to the narrow preference
relation. The following behavioral axiom clarifies what exactly it is that the narrow bracketer

misses when choosing between two prospects.

4For axiomatizations of EU see, for example, [Fishburn|(1970) and|Wakker|(2010).



Axiom 1 (correlation neglect). For any two prospects P,Q € P, if all bracketwise prospects in-
duced by P and Q on the system of brackets B are the same, i.e. P/ = @/ for all j € {1,2,...,m},
then P ~, Q.

Axiom [I] states that the narrow bracketer is ignorant with respect to the correlation between
the bracketwise prospects that comprise an overall prospect. When making a choice between two
prospects, she only considers the individual bracketwise subprospects without keeping track of
the overall prospects they comprise. Therefore, any two prospects that are comprised of the same
subprospects, i.e. that induce the same marginal distributions on all bracketwise outcome sets,
look exactly the same to her. This holds irrespective of whether the overall prospects, i.e. the joint

distributions on the overall outcome set, are the same as well.

Of course, Axiom |l|only has bite in the sense that it harms the narrow bracketer, if there
are meaningful interactions between the subprospects or their outcomes across brackets. Only
then does the correlation structure of a prospect matter for the broad preference relation and only
then does the correlation neglect axiom imply that the narrow preference relation deviates from its

broad counterpart.

Axiom [1]is closely related to the concept of independence used in the multiattribute utility
theory literature. In particular, [Fishburn| (1967) introduced an assumption equivalent to Axiom
[[] I make heavy use of the results from that paper in the proof of my representation theorem.
His assumption is a weaker version of mutual independence between the attributes of an outcome
as defined in [Fishburn| (1965) allowing mutual independence to hold only between subsets of the
attributes of an outcome.

Where are broad and narrow the same? Axiom|l|pins down the narrow bracketer’s mistake.
I now identify the instances in which the narrow bracketer’s choice should not deviate from her
true preferences. The following axiom considers the connection between the narrow preference

relation and its broad counterpart.

Axiom 2 (Referene Point). There exists an outcome r € X, the reference point, such that for any
two prospects P,Q € P, if the bracketwise prospects induced by P and Q differ from each other
and r in at most one bracket, i.e. P/ = Qj = 7/ for all but at most one Bj e {B1,By,...,By}, then
Prp Q=P 0.

Axiom E] states that there exists an outcome, the reference point, which ties together broad
and narrow preference relation. At the reference point the narrow bracketer is perfectly able to
consider all brackets jointly. She can properly process changes from the reference point as long
as they only occur inside one bracket at a time. In a way, Axiom [2] tames the narrow preference
relation. It allows for departures from the broad preference relation only if prospects differ from
each other and the reference point in more than one bracket. The narrow bracketer is never fully
ignorant of the existence of interactions between the subprospects across brackets since at and

around the reference point she makes choices in line with her true preferences.

2.3 Representation theorem

I am now ready to state my representation theorem for the narrow preference relation.

10



Theorem 1 (Narrow Preference Representation). Under Assumptions |I| (Richness) and [2| (EU),
Axioms([I|(Correlation neglect) and 2| (Reference point) hold if and only if for all prospects P € P

and corresponding bracketwise prospects P/ € P/

Eﬁ(P):iEﬁ,(Pf) with EU;(PT):= Y PI(x))i;(x))
j=1

J xexi

where il : X7 — R for brackets Bj € {B1,B>,...,By,} are bracketwise utility functions with
aj(x)) = u(x r7) Yal e X/ (1

where u(-,r~/) denotes the broad utility function evaluated at the reference point for all brackets

except bracket j, r—/, which is treated as a fixed parameter of ii 3

Proof.

Step 1: The narrow utility function is additively separable across brackets. This result
follows from Axiom [l| (Correlation neglect) using the results of |Fishburnl (1967). I restate his
Theorem 1 translated to my framework:

Theorem (Fishburn| [1967). Under Assumptions [I|(Richness) and 2] (EU), Axiom [I|(Correlation
neglect) holds if and only if there exist bracketwise utility functions ii; : X 7 — R for all brackets
Bj € {By1,Bs,...,By} such that

EUP)= Y EU;(P)) with EU;(P'):=Y P/(x/)i;(x/)

1 x/exi

™

J

for all prospects P € P and corresponding bracketwise prospects PJ. EU is unique up to positive

affine transformation.

Step 2: The jth bracket utility function corresponds to the broad utility function eval-
uated at the reference point outside of bracket j. This result follows from Axiom 2] (Reference
point). Consider any two prospects P,Q € P with correspoinding bracketwise prospects P/, Q/
such that P/ = @/ = r/ for all but at most one B; € {By,B,,...,B,,}. Without loss of generality
take B; = By as the bracket for which P/,Q/ and r/ may differ. By Assumption [2| (EU) for the
broad preference relation, P =5 Q if and only if EU(P) > EU(Q). We can rewrite P and Q as
(P',r~") and (Q',r7 1), obtaining EU(P',r~') > EU(Q",r~"). We thus have

P=0Q < ) P!> ) o' @huter ), @)

xlex! xlex!

Similarly, by Assumption (EU) for the narrow preference relation, P =, Q if and only if EU(P) >
EU(Q). Rewriting P and Q as above, we obtain
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Now, by Step 1 we can rewrite the above expression as

P=0 < Z Pl(xl)ﬂl(xl)+2ﬂj(r/)> Z Ql(xl)ul(x])—f—Zuj(rf)
xlex! j=2 xlex! j=2
and simplify it to
PrQ <« Y Pha')> Y o'(cha ). 3)
xlex! xlex!

Now, by Axiom [2] (Reference point) P =, Q < P =, Q. Combining expressions [2] and [3] we

therefore have

Y, Pleul )2 Y 0l ) e Y PIEDm) > Y ot ahm ().
xlex! xlex! xlex! xlex!
The above statement requires i to be a positive affine transformation of u evaluated at r~1. Now,
by Axiom [J] (Reference point) this requirement holds for all bracketwise utility functions in the
sequence i1, y, ..., iy,. Furthermore, by Step 1 a transformation of a bracketwise utility function
ii; cannot be performed individually, i.e. without appropriately transforming all other bracketwise

utility functions in accordance with the admissible transformations of EU O

The first part of Theorem E] is essentially a restatement of [Fishburn| (1967)’s Theorem 1.
Applied to my setting, his finding implies that under Assumptions [I](Richness) and[2](EU) Axiom
[T] (Correlation neglect) holds if and only if the narrow utility function i is additively separable
across brackets. For each bracket B; in the system of brackets characterizing the narrow preference
relation, there exists a bracketwise utility function i;, mapping the jth bracket outcome to the
real numbers. The narrow utility function can be written as the sum of all bracketwise utility
functions. This means that we can write the narrow expected utility of a prospect P € P as a sum

of bracketwise expect utilities from all bracketwise prospects P/ induced by P.

The important new insight of Theorem E] is that the jth bracket utility function, #; is equiv-
alent to the broad utility function keeping all outcomes except the jth bracket outcome fixed at
the reference point. This means that we can interpret the narrow bracketer as actually using the
same utility function she would use if she bracketed broadly. However, she applies that utility
function separately to each bracket in her system of brackets. For a given bracket she evaluates
her broad utility function at the outcomes inside that bracket while keeping all outside-bracket
outcomes fixed at their reference point levels. Finally, her overall utility from a specific outcome

is determined by the sum of all of these bracketwise evaluated utilities.

To illustrate the content of Theorem [I} consider the special case of n = 2 such that every
prospect consists of two subprospects and suppose the system of brackets characterizing =, sep-
arates these two subprospects into distinct brackets. Consider any prospect P € P. The expected

utility of the broad bracketer is given by

EU(P) =Y P(x)u(x). 4)

xeX

SFor a detailed discussion of the admissible transformations on the sequence of functions EU 1 ,EU 2, EU m see|Fish-
burn| (1967).
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Theorem I]implies that the expected utility of the narrow bracketer can be expressed as

EU(P) = z;( Py (x1)u(xy,rm) + Z}.{ Py(x2)u(ry,x) = X;{P(x) [u(x1,r) +u(ri,x2)] (5

with u equivalent across the two expected utility formulas.

The narrow bracketer’s expected utility representation is an additively separable version of
its broad counterpart. Consider the first formulation of EU (P) in (5) and compare it to the broad
expected utility formula in . EU(P) is additively separable across brackets. It consists of
the sum of two separate expected utility formulas, one evaluating the first subprospect P; and
one evaluating the second subprospect P>. This additive separability reflects the fact that any
correlation between the two subprospects are disregarded by the narrow bracketer. By evaluating

their expected utilities separately, she treats them as if they were entirely independent.

Furthermore, the narrow bracketer disregards any interactions between the outcomes of the
two subprospects. This is nicely illustrated by the second formulation of E\U(P) in . The utility
that a narrow bracketer derives from an outcome x of the overall prospect P is, again, additively
separable across brackets. Instead of evaluating the broad utility function at the overall outcome x
as in (@), she evaluates the broad utility function separately for each bracket, once at the outcome
of the first subprospect x; and once at the outcome of the second subprospect x,. Since she never
evaluates the broad utility at x; and x, jointly, she does not keep track of possible complementari-

ties or substitutabilities between the two subprospect outcomes.

However, since the narrow bracketer uses the same utility function in her evaluation as the
broad bracketer, she is never fully ignorant of the existence of interactions between the two out-
come dimensions. She simply appreciates these interactions mistakenly with respect to the refer-
ence point. When the narrow bracketer evaluates the outcome of the first subprospect x, she keeps
the outcome of the second subprospect fixed at r, and vice versa. Thus, while she considers the
interdependencies between x; and r, as well as the interdependencies between r; and x;, she fails
to keep track of the interdependencies between x; and x;. As a result, her tradeoffs between the

outcome dimensions are distorted.

2.4 Discussion

Budget balance A major obstacle towards modeling narrow bracketing is that there exists a
tension between the behavioral bias and the economic principle of budget balance. Intuitively,
narrow bracketing is associated with “...making each choice in isolation” (Read et al.l [1999b).
Adhering to this basic intution, one might be drawn to model the narrow bracketer as sequentially
making each decision in a set of concurrent decisions as if it were the only decision she faces
overall. Such a modeling approach works nicely when applied to the specific environments studied
in large parts of the experimental literature on choice bracketing. These experiments are designed
such that the specific option a decision maker chooses in one decision does not influence the
set of options that are available to her in any other decision (see, e.g., [Ellis and Freeman, 2020;
Rabin and Weizsicker, 2009; Tversky and Kahneman, [1981). However, the approach of modeling
narrow bracketing as fully isolated decision making runs into serious problems when applied to

economically more relevant settings in which decision makers face resource constraints which tie
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together the option sets of concurrent decisions.

For illustration consider the constrained utility maximization problem of a consumer who has
a fixed budget to spend on food and clothing. Suppose the consumer narrowly brackets these two
good categories. As long as her budget is tight enough, full isolation of her decisions in these two
categories implies that the consumer spends her whole budget on either one of the two categories
leaving nothing for the respective other category. Once she enters a, say, clothing store she fully
ignores that she might also want to get dinner later on and therefore spends her whole budget on
a new outfit. Only later, when she passes by her favourite restaurant she realizes how hugry she
is. Of course, the irrationality displayed by the consumer’s behavior in this example is not what
we observe in reality and goes far beyond what we actually think of when we talk about narrow

bracketing.

The example demonstrates that a reasonable model of narrow bracketing needs to balance
the isolated nature of narrow decision making with the integrated thinking required for making
meaningful tradeoffs across brackets to satisfy budget balance. By defining the narrow preference
relation on the same fully multidimensional prospects as the broad preference relation, I implicitly
model the narrow bracketer’s decision making as simultaneous. Therefore, my framework allows
me to in principle cover the whole spectrum of isolation and integration in the narrow bracketer’s
decision making. Axiom [I] (Correlation neglect) imposes a limit on the ability of the narrow
bracketer to integrate subprospects across brackets. This limit is balanced by Axiom 2](Reference
point) which retains the narrow bracketer’s ability to integrate subprospects across brackets at
and around the reference point. It is the combination of these two axioms that enables me to
derive a representation of the narrow preference relation which captures the narrow bracketer’s
tendency to isolate intermediate decisions from one another and at the same time resolves the

general incompatibility of this behavior with the principle of budget balance.

Mental accounting and budgeting [Thaler| (1999) defines mental accounting as “...the set of
cognitive operations used by individuals and households to organize, evaluate, and keep track of
financial activities”. Choice bracketing is one component of such mental accounting. Another
important component of mental accounting is budgeting. In the context of consumption choice
budgeting describes the assignment of goods into categories with a fixed budget for each category.
An important implication of budgeting is the violation of monetary fungiblity across categories.

Already long before behavioral economics was introduced into the scientific debate, economists
contemplated how a general but sufficiently tractalbe utility function capturing consumer behavior
should look like. |Strotz| (1957) argues that it is intuitively appealing to think of the consumer as
follwing a two-stage maximization procedure akin to budgeting. In the first stage, the consumer
allocates her overall budget across general good categories like, for example, food, clothing, and
travel. Then, in the second stage she considers each category in isolation and allocates the previ-

ously determined category budget across the individual goods inside that category.

Gorman| (1959) investigates the characteristics a utility function needs to have in order for
the solution to a full constrained utility maximization problem to be equivalent to the solution
obtained in the described two-stage-procedure. A necessary and sufficient condition for budgeting
to be rational is that the consumer’s utility is either additively separable across budget categories or

separable with budgetwise utilities entering through an intermediate function that is homogeneous
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of degree one.

This reveals how in my model narrow bracketing implies a boundedly rational form of bud-
geting as discussed by Blow and Crawford| (2018). The narrow bracketer’s expected utility rep-
resentation is additively separable across brackets. Thus, she behaves as if she employed the
described two-stage budgeting procedure with budgeting categories equivalent to the brackets in
her system of brackets. However, her broad expected utility representation is not generally addi-
tively separable across brackets. Therefore, such budgeting behavior is not generally admissible

according to the narrow bracketer’s true preferences.

3 Model predictions

3.1 Constrained utility maximization

Consider economics 101 consumption bundle choice. DM faces the problem of allocating a given
budget or wealth w across two goods. She chooses a consumption bundle x € Ri. We can write
x = (x1,x2) where x; denotes the amount of good 1 and x, denotes the amount of good 2. The per-
unit prices of the two goods are p; and p; respectively. As benchmark consider the maximization

problem solved by a broad bracketer:

maxu(xy,xy) subjectto pix;+ paxy < w. 6)
X1,X2
Denote by x* = (x],x5) the broad optimum, i.e. the argument that maximizes @ I am interested
in how a narrow DM’s choice deviates from her broad optimum. Suppose DM brackets each good

in her consumption bundle separately, i.e. B = {{x},{x2}}. She solves

maxu(xy,ry) +u(ri,x2) subjectto pix;+ paxa < w. @)
X1,X2
Denote by X = (¥],%,) the narrow optimum, i.e. the argument that maximizes . The direction
in which the narrow optimum departs from its broad counterpart depends crucially on the type
of interdependencies between the two goods captured by the sign of the broad utility function’s

cross-derivative.

.0 . L

Definition 1. Goods 1 and 2 have negative interactions if axa,ﬁ < 0 for all x € Ri. They have
e ! . T

positive interactions if aﬁ%}@ > 0 for all x € R%. The two goods have no interactions if 8)2 5;2 =0

forall x € ]Ri.

Roughly, negative interactions are associated with substitutabilities between the two goods

while postive interactions are associated with complementarities between the two goodsE]

In Section (Representation theorem) I alluded to the fact that the additive separability
of the narrow utility function implies that the narrow bracketer disregards interactions. In the
context of consumption bundle choice the following proposition illustrates this fact by comparing
the indifference curves of the narrow bracketer to their broad counterparts. Like all further proofs,

the proof of the proposition is relegated to the appendix.

6See|Chambers and Echenique| (2009) and [Topkis| (1998) for a detailed discussion on when a positive cross-derivative
of the utility function implies complementarity.
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Denote by MRS(x) and MES(x) the marginal rates of substitution between good 1 and good
2 at bundle x = (x1,x7) for the broad and the narrow bracketer respectively, i.e. MRS(x) = 337“1 / 337“2

and MRS(x) = 597"1 5)7"2

Proposition 1 (Indifference curves). Assume goods 1 and 2 have either positive, negative, or
no interactions. For any amount of good 1, x|, there exists a corresponding amount of good 2,
f(x1), such that MRS(xy, f(x1)) = MRS(x1, f(x1)) where f(r1) = r2, f(x1) < ra for x| < ri and
F(x1) > ra for x; > ry. Furthermore,

« Positive interactions = MRS(x) > MRS(x) for all x € R2 with x, > f(x1) and MRS(x) <
A?R/S(x) forall x € Ri with xy < f(x1)

* Negative interactions = MRS(x) < MES(X) for all x € R% with x, > f(x1) and MRS(x) >
MRS(x) for all x € R2 with x, < f(x1)

* No interactions = MRS(x) = MRS(x) for all x € R%.

Proposition |1 states that at the reference point the slopes of broad and narrow indifference
curves are the same. Furthermore, for every amount of good 1, there exists a corresponding amount
of good 2 such that the slopes of broad and narrow indifference curves are the same at that bundle.
If there are positive interactions between the two goods, the narrow indifference curve is flatter
than the broad indifference curve to the left of that bundle and steeper than the broad indifference
curve to the right of that bundle. Therefore, narrow indifference curves are less convex than their
broad counterparts if the two goods have positive interactions. Conversely, narrow indifference
curves are more convex than their broad counterparts if the two goods have negative interactions.
Intuitively, the more convex the indifference curves, the more complementary are the two goods.
Therefore, in the case of positive interactions, the narrow bracketer can be interpreted as behaving
as if the two goods were less complementary than they actually are and vice versa for the case of

negative interactions.

Figure|[I]illustrates the content of Proposition|[I] for two specific broad utility functions given
the reference point . Consider first Figure [Ta] The figure shows the indifference curve maps of
broad (solid) and narrow (dashed) bracketer for a broad utility function belonging to the Cobb-
Douglas family. The utility function is characterized by complementarities which is reflected
by the convex shape of the broad indifference curves. The corresponding narrow indifference
curves are less convex than their broad counterparts, reflecting the fact that the narrow bracketer
disregards the positive interactions between the two goods. However, at the reference point and
at any bundle with a distribution of amounts between the two goods proportional to the reference
point distribution, broad and narrow indifference curves have the same slope. This illustrates how
the narrow bracketer’s tradeoffs between the two goods remain undistorted at the reference point

and proportional bundles.

In contrast, Figure[Ib]depicts the indifference curve maps of broad and narrow bracketer for
a perfect substitutes broad utility function with negative interactions between the two goodﬂ Per-
fect substitutability between the two goods implies that the broad indifference curves are straight

lines. The narrow bracketer, however, disregards the negative utility interactions between the two

"The utility function is widely used in the context of decision making under risk since it has the CRRA property.
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(a) Positive interactions: u(x1,x2) = /xX1X2 (b) Negative interactions: u(xj,x2) = /x| +x2

Figure 1: Comparison of broad (solid) and narrow (dashed) indifference curves with reference
point r.

goods. As a result, her indifference curves are convex. She treats the two goods as more comple-
mentary than they are. Again, her tradeoffs at the reference point and at bundles proportial to the
reference point remain undistorted.

The next proposition investigates how the narrow bracketer’s chosen consumption bundle

departs from her optimal consumption bundle.

Denote by d(x,y) the Euclidean distance between two consumption bundles x,y € R?, i.e.
d(x,y) = /(x1 = y1)> + (x2 — y2)%.

Proposition 2 (Narrow optimum). Assume w = pir) + pary and r # x*. The follwing two state-

ments hold at any interior solutions x* and % to the maximization problems (6)) and (7)) respectively.
* Positive interactions = d(r,x*) < d(r,%)
* Negative interactions = d(r,x*) > d(r, %)

Proposition [2| states that for budget balanced reference points, unless r = x*, the narrow
optimum X is further away (in terms of Euclidean distance) from the reference point than the broad
optimum x* if the two goods have positive interactions. Conversely, the narrow optimum £ is closer

to the reference point if the the two goods have negative interactions.

Considering Proposition [1| (Indifference curves) in isolation, one might expect that the nar-
row bracketer’s disregard of interactions between the two goods and the resulting shape of her
indifference curves imply that the narrow bracketer underdiversifies in the case of positive interac-
tions and overdiversifies in the case of a negative interactions. However, while this intuition is not
generally flawed, it does not take into account the role that the reference point plays for the narrow

bracketer’s decisions. The important role of the reference point is clarified by Proposition 2]

While the narrow bracketer disregards the interdependencies between the goods in her bun-
dle, she is not fully ignorant of their existence. However, she does not consider changes from the
respective reference quantities for the two goods simultaneously. Thus, when thinking about an
alteration in the amount she might purchase of good 1, from r| to x; # r;, she keeps the amount of

good 2 fixed at the reference quantity of good 2, r,. The reverse holds for alterations in the amount
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she purchases of good 2. Therefore, the narrow bracketer’s appreciation of the interactions be-
tween the two goods only occurs separately for the two quantities she purchases and mistakenly
with respect to the reference quantity of the respective other good. This implies that the reference
point has a profound influence on the narrow bracketer’s choice.

For example, if the goods have positive interactions, an unbalanced reference point with
r1 > ry pushes the narrow bracketer towards increasing her consumption of good 2 and decreasing
her consumption of good 1. This happens because the high reference quantity of good 1, r;, makes
investments in good 2 seem more attractive than investments in good 1, which are in the narrow
bracketers mind combined with the relatively low reference quantity of good 2, r». Now, if the
optimal consumption basket of the broad bracketer x* prescribes x] < x3, the fact that the narrow
optimum X is pushed further from the reference point r compared to the broad optimum x* in this
constellation always implies that the bundle chosen by the narrow bracketer is less diversified than
the bundle chosen by the broad bracketer. If, however, the broad optimum x* prescribes x > x3, the
extra push away from r might induce the narrow bracketer to choose a more diversified consump-
tion bundle than the broad bracketer even though she disregards the positive utility interactions
between the chosen quantities x; and x;. Depending on the constellation of reference point and
broad optimum, we might therefore observe a narrow bracketer overdiversifying her consumption
bundle compared to the broad optimum although the goods have positive interactions. Similarly,
we might observe a narrow bracketer underdiversifying her conusmption bundle compared to the
broad optimum although the goods have negative interactions.

Interestingly, if the goods have positive interactions the effect of the reference point on the
narrow bracketer’s chosen bundle goes into the opposite direction of the effect that loss-aversion
implies in this setting. The chosen bundle of a loss-averse narrow bracketer is always closer to the
reference point than the chosen bundle of a narrow bracketer without loss-aversion. Thus, while
narrow bracketing in the case of negative interactions exacerbates the effects of loss-aversion,
in the case of positive interactions it actually dampens the effects of loss-aversion. My results
reveal that the reference point plays an important role in the decision making of a narrow bracketer
independent of whether she is loss-averse or not.

3.2 Exchange economy

Consider an exchange economy with two consumers i = 1,2 and two goods. Consumer i’s con-
sumption bundle is denoted by x' = (x’1 ,xé). An allocation x € Ri is an assignment of a consump-
tion bundle to each consumer, i.e. x = (x!,x?) = ((x},x}), (x?,x3)). The total endowments of goods
1 and 2 in the economy are given by ®; > 0 and ®, > O respectively. The initial endowment al-
location is denoted ® = (0!, ®?) with ®! = (o}, ®}) denoting consumer 1’s endowment such that
consumer 2’s endowment is given by 0> = (0 — co},coz — (1)%) I assume u)’i ,u)é >0fori=1,2.
The systems of brackets for the two consumers are given by B' = {{x{},{x}}} fori=1,2.

I refer to the broad economy as the exchange economy in which both consumers bracket
broadly and to the narrow economy as the exchange economy in which both consumers bracket
narrowly. Furthermore, I refer to the broad contract curve as the set of Pareto optimal allocations
of the broad economy and to the broad core as the set of Pareto optimal allocations that consti-
tute Pareto improvements with respect to the initial endowment allocation in the broad economy.

18



(a) Broad economy (b) Narrow economy

Figure 2: Edgeworth-box comparison of broad and narrow exchange economy with broad utilities
u'(x,xh) = \/xi,xi, for i = 1,2 (positive interactions) and reference points ' = @’ fori = 1,2. In
each Edgeworth-box the lower left corner corresponds to consumer 1’s origin and the upper right
corner corresponds to consumer 2’s origin. I; and I; for i = 1,2 respectively denote consumer i’s
broad and narrow indifference curve reached at the initial endowment allocation ®. The dashed
graph displays the contract curve of the respective economy. The part of the contract curve that is
enclosed by the lense that opens up between the two indifference curves corresponds to the core
of the economy.

Narrow contract curve and narrow core are defined analogously. It is a well known fact that any

Walrasian equilibrium of an exchange economy is an element of its core (Mas-Colell et al., [1995).

The following proposition shows how choice bracketing systematically affects the volume

of trade in the exchange economy.

Proposition 3 (Exchange economy). Assume that consumer i’s reference point is equal to her
initial endowment, i.e. ' = o for i = 1,2. For any inditial endowment allocation ® such that
MRS' (') # MRS?*(w?), if two allocations x and X are elements of the broad and narrow core

respectively and they are not at the corner, then

* Positive interactions for both consumers = d(®,x) < d(®,%).

* Negative interactions for both consumers = d(®,x) > d(®,%).

Proposition [3] states that starting from any inital endowment allocation there is more trade in
the narrow exchange economy compared to its broad counterpart if the two goods have positive
interactions. Conversely, there is less trade in the narrow exchange economy compared to its broad

counterpart if the two goods have negative interactions.

Figure |2]illustrates the difference between a broad exchange economy and its narrow coun-
terpart when there are positive interactions between the two goods. Consider first Figure [2a] which
shows the broad economy in an Edgeworth-box. At the initial endowment allocation ® consumer
1 holds a bundle that is unbalanced towards good 2 while consumer 2 holds a bundle that is un-
balanced towards good 1. The indifference curves that the two consumers reach at this initial

endowment allocation intersect. Any allocation inside the lense enclosed by the two indifference
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curves constitutes a Pareto improvement with respect to ®. In particular, redistributing a small
amount of good 1 in exhange for a small amount of good 2 from consumer 2 to consumer 1 result-
ing in more balanced bundles makes both consumers better off. Performing a series of such small
trades allows the consumers to arrive at the broad core which is located on the part of the con-
tract curve that intersects with the lense. At the broad core the consumers have reached a Pareto
optimal allocation. Since in this example the broad contract curve is on the 45° line, any such
allocation has the property that it equalizes the amounts of good 1 and good 2 allocated to a given
consumer. Thus, in the given broad economy we should expect the consumers to perform trades
that move them from the initial endowment allocation towards an allocation that fully balances

their consumption bundles.

Consider now the corresponding narrow exchange economy displayed in Figure As in
the broad economy, the consumer’s narrow indifference curves intersect at the initial endowment
allocation. Furthermore, moving to an allocation which induces bundles that are more balanced
between the two goods for both consumers constitutes a Pareto improvement. However, in the
narrow economy the overall set of allocations constituting a Pareto improvement with respect to
o extends much further to the lower right corner of the Edgeworth-box than in the broad econ-
omy. This is a direct consequence of the narrow consumers’ disregard of the positive interactions
between the good dimensions in their bundles. As stated in Proposition[I|(Indifference curves) pos-
itive interactions between the two goods imply that the narrow indifference curves are less convex
compared to their broad counterparts. The narrow consumers perceive the two good dimensions

of their bundles as less complementary than they actually are.

Relatedly, the narrow contract curve is not on the 45° line but bent towards the lower right
corner of the Edgeworth-box. As a result, the bundles in the narrow core allocations are not bal-
anced between the two goods. Instead, any allocation in the narrow core has the property that
consumer 1’s bundle is unbalanced towards good 1 and consumer 2’s bundle is unbalanced to-
wards good 2. Interestingly, the imbalance in the consumers’ bundles at the narrow core is exactly
opposite to the imbalance in the consumers’ bundles at the initial endowment allocation. This
property of the narrow core mirrors the logic of Proposition 2] (Narrow optimum). The consumers
appreciate the positive interactions between the two good dimensions mistakenly with respect to
their reference points. Akin to status-quo based reference points, consumers’ reference points are
assumed to be equal to their respective bundles in the initial endowment allocation. Consider con-
sumer 1. Her bundle in the initial endowment allocation is unbalanced towards good 2. Due to the
complementarity between the two good dimensions, the resulting high reference point in the sec-
ond good dimension makes increases in the amount of good 1 seem relatively more attractive than
they actually are. Similarly, the low reference point in the first good dimension makes increases
in the amount of good 2 seem relatively less attractive than they actually are. This constellation
implies a push of narrow consumer 1’s preference towards bundles that are characterized by an
imbalance opposite to the imbalance in her initial endowment, i.e. towards good 1. Similarly, con-
sumer 2’s preferences is pushed towards bundles that are imbalanced towards good 2. As a result,
the volume of trade predicted for the narrow economy is larger than the volume of trade predicted

for the broad economy.
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6 12 18 20 30 32 36 40 42 44 50 52 b4 74

6 0,24 €/0,47 €|0,90 €|1,29 € 1,47 € 1,64 € 2,09 € 2,22 €2,34 €2,99 €
12 0,90 €|1,10 € |1,47 €|1,80 € 1,95 € 2,09 € 2,45 € 2,55 €|2,64 €
18 0,24 € 0,47 €|1,47 €|1,64 €|1,95 €|2,22 € 2,34 € 2,45 € 2,72 € 2,79 €2,85 €
20 0,47 € 0,69 €|1,64 € (1,80 €[2,09 €|2,34 € 2,45 € 2,55 € 2,79 € 2,85 €/2,90 €

30 |0,24 € 0,90 € 1,47 € 1,64 €|2,34 €|2,45 €2,64 €|2,79 € 2,85 € 2,90 € 2,99 € 3,00 €

32 0,47 € 1,10 € 1,64 € 1,80 €|2,45 €|2,55 €|2,72 €|2,85 € 2,90 € 2,94 € 3,00 €

36 |0,90 € 1,47 € 1,95 € 2,00 €2,64 €|2,72 €|2,85 €|2,94 € 2,97 € 2,99 €

40 (1,29 € 1,80 € 2,22 € 2,34 €|2,79 €|2,85 €|2,94 €]2,99 € 3,00 €

42 |1,47 € 1,95 € 2,34 € 2,45 €|2,85 €|2,90 €2,97 €|3,00 €

44 1,64 € 2,09 € 2,45 € 2,55 €|2,90 €[2,94 €|2,99 €

50 (2,09€ 2/45€2,72€ 2,79€(2,99 €3,00 €

52 (2,22€ 2,65 € 2,79 € 2,85€|3,00 €

54 |2,34€264€285€290¢€

74 (2,99 €

Figure 3: The payment table shown to participants in the experiment. The payment associated
with a specific combination of blue and orange points can be found by choosing the row according
to the amount of blue points and the column according to the amount of orange points.

4 Experiment

4.1 Design

In the experiment I elicit participants’ willingnesses to pay (WTP) for portfolios. Each portfolio
consists of two assets, a blue and an orange asset. The blue asset yields blue points and the orange
asset yields orange points. Point earnings from a portfolio are determined by a coin toss performed
by the computer. Importantly, it is the same coin toss that determines a participant’s point earnings
from the blue and the orange asset in a portfolio. Relating to my theoretical framework (Section
[2-1) a portfolio in the experiment corresponds to a prospect while the two assets correspond to the

subprospects comprising the prospect.

Preferences, or more accurately broad preferences, over portfolios are partly (risk prefer-
ences still matter) induced via a payment rule that translates any combination of blue and orange
point earnings into payments. The payment rule induces negative interactions between blue and
orange points, i.e. the more blue points a participant receives, the less valuable is an increase in
orange points and vice versa. Throughout the experiment participants have access to a table stat-
ing the respective payments associated with all different combinations of blue and orange point

earnings. The payment table is displayed in Figure 3]

The experiment has 20 rounds. In each round the participant is provisionally allocated a
simple portfolio, the base-portfolio. The base-portfolio is deterministic, i.e. it yields the same
point earnings irrespective of the result of the coin toss. It remains constant over the course of the
experiment. I use the base-portfolio to induce participants’ reference points. The base-portfolio is
displayed in the first row of Table[l}
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For every round of the experiment a random draw determines whether that round is a trade-
round or a base-round. Both round types are equally likely. In base-rounds the participant keeps
her base-portfolio. In trade-rounds she is offered another portfolio (trade-portfolio). Her WTP
for the trade-portfolio is elicited via a multiple choice list. In each row of the choice list the
participant has to make a decision between the offered trade-portfolio and an increasing certain
payment. For each submitted choice list one row is randomly chosen and the participant’s decision
in the respective row is implemented. Since participants do not know whether a given round is a
trade-round or a base-round, they fill out a multiple choice list in every round.

In each round the participant is displayed a decision-screen. At the top of the decision screen
she sees the base-portfolio. Below, she can click a button to view the trade-portfolio of that round.
The participant can switch back and forth between viewing the trade- and the base-portfolio any-
time. Below the respective portfolio the multiple choice list for the offered trade-portfolio is dis-

played. I enforce a single switchpoint.

Overall, I elicit WTP for 10 different trade-portfolios in two treatments. The portfolios used
in the experiment are displayed in Table[I} The experiment has a within-subject design. Therefore,
each participant fills out a multiple choice list for each of the 10 trade-portfolios twice, once in the
broad treatment and once in the narrow treatment (hence the 20 rounds). As suggested by their
names, the treatments are designed to induce subjects to bracket broadly in the broad treatment and
narrowly in the narrow treatment. The order in which participants see the different trade-portfolios

in the two treatments is randomized.

The treatments differ in how the participant can access information about the contents of the
trade-portfolio. In the broad treatment the participant views the blue and orange asset comprising
the trade-portfolio jointly. In the narrow treatment the particpant can view the blue and orange
asset comprising the trade-portfolio only separately. The view of the other asset is kept fixed at the
respective asset in the base-portfolio. The participant can change between viewing the blue asset
in the trade-portfolio and viewing the orange asset in the trade-portfolio anytime by clicking on a
button. After clicking the button, the participant sees a waiting screen for 5 seconds and is then
redirected to the respective view of the trade-portfolio. Importantly, the information available to
the participant in the narrow treatment is the same as the information available to her in the broad
treatment. The treatments only differ in how easy it is for the participant to jointly consider the

two assets that comprise the trade-portfolio.

I conducted 10 online-sessions with roughly 18 subjects each. Overall 171 subjects took
part in the experiment. The sessions took place in September 2020 with subjects from the WZB-
Technical University laboratory subject pool in Berlin. Subjects were invited to participate in the
experiment using ORSEE (Greiner,[2015). In conducting the sessions I closely followed the UCSC
LEEPS Lab Protocol for Online Economics Experiments (Zhao et al.l [2020). The experiment
was programmed in oTree (Chen et al., [2016). I preregistered the experiment on the AEA RCT
Registry, including a pre-analysis plan and power calculation (Vorjohann, 2020). The experimental
sessions were preceded by two pilot sessions run in July 2020. I do not use the data from these

pilot sessions in my analysis.
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Portfolio Blue asset Orange asset EV  Variance
Heads Tails Heads Tails

Base 30 30 6 6 €0.24 0.00

Trade Al 30 42 32 6 €1.96 0.24
Trade A2 30 42 6 32 €157 1.77
Trade A3 52 30 12 30 €245 0.01
Trade A4 30 52 12 30 €195 1.10

Trade B1 30 74 6 6 €1.62 1.89
Trade B2 44 54 6 6 €1.99 0.12
Trade B3 30 30 6 50 €1.62 1.89
Trade B4 30 30 20 30 €199 0.12

Trade C1 52 44 30 32 €297 0.00
Trade C2 30 32 52 44 €297 0.00

Table 1: The portfolios used in the experiment. For each portfolio the table shows the number
of blue and orange points the portfolio yields depending on the outcome of the coin toss for that
portfolio. Furthermore, it shows expected value (EV) and variance of each portfolio rounded to
two decimal places.

4.2 Hypotheses

Table 2] summarizes the correspondence between theory and experiment. Portfolios are proba-
bility distributions over combinations of blue and orange point earnings. A combination of blue
and orange point earnings is a two-dimensional outcome. Thus, there is a direct correspondence
between portfolios in the experiment and prospects as defined in my theoretical framework (Sec-
tion[2.T). Furthermore, the blue asset in a portfolio is in effect the marginal distribution over blue
points induced by the portfolio. Similarly, the orange asset in a portfolio is the marginal distribu-
tion over orange points induced by the portfolio. The assets in a portfolio therefore correspond to
its subprospects. The payment rule translates combinations of blue and orange point earnings to
money earnings. Following induced value theory (Smith| |1976)) the broad utility associated with a

combination of blue and orange point earnings can be measured by the payment it generates.

The reference point as defined by Axiom 2] (Reference point) in Section [2.2] plays a central
role in my theory of choice bracketing. My model relies on the existence of a reference point
but remains agnostic about which specific outcome constitutes the reference point. However, to
design a meaningful test for the validity of my model I require additional knowledge about the
reference points of subjects in my experiment. Therefore, I introduce the base-portfolio into my
experimental design. The base-portfolio serves the purpose of inducing its deterministic outcome
as reference point. This purpose is achieved in two ways, each of which builds on a prominent
theory of the nature of reference points. First, by provisionally allocating the base-portfolio to
subjects at the beginning of each round, the base-portfolio is established as the status-quo. Second,
by implementing the base-portfolio instead of a subject’s decision with a probability of 0.5 in each
round, the base-portfolio enters the subject’s expected outcome from a given decision. This design
feature is inspired by |Abeler et al.|(2011) and builds on the theory of expectation-based reference
points (Koszegi and Rabin, 2006).

Since my axiomatization builds on the connection between broad and narrow preference

relation, both characterizing one and the same decision maker, I employ a within-subject design.
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Theory Experiment

Prospect Portfolio

Subprospects Blue asset and orange asset

Outcome Combination of blue and orange point earnings

Outcome dimensions Blue and orange points

Broad utility of an outcome Payment for a combination of blue and orange point earnings
Reference point Blue and orange point earnings in the base-portfolio

Table 2: Correspondence between theory and experiment.

The idea is to elicit a subject’s WTP for a given trade-portfolio twice, once when she brackets the
two assets in the portfolio broadly and once when she brackets them narrowly. I manipulate how
subjects bracket the assets in a trade-portfolio by varying the ease at which they can be considered
jointly. In the broad treatment, subjects see the two assets on the same screen. This makes it
relatively easy to integrate them and keep track of the overall portfolio they comprise. In contrast,
to integrate the assets in the narrow treatment, subjects have to recall them since they are accessible
only on separate screens. The waiting time imposed when switching between viewing each of the

assets in the trade-portfolio further complicates joint consideration.

The main goal of my experiment is to test the validity of the behavioral axioms underlying
my theoretical model. Additionally, I test one of my model’s predictions concering the role of the
reference point. The trade-portfolios for which I elicit subjects” WTP (Table[I)) can be classified
into three groups. Trade-portfolios A1-A4 are designed to test Axiom |l| (Correlation neglect).
Trade-portfolios B1-B4 are designed to test Axiom 2] (Reference point). Trade-portfolios C1 and

C2 are designed to test the model prediction.

Consider first trade-portfolios Al and A2. The two portfolios induce the same marginal
distributions over blue and orange points, i.e. a fifty-fifty chance between 30 and 42 blue points
and a fifty-fifty chance between 32 and 6 orange points. Thus, if Axiom || (Correlation neglect)
holds, subjects in the narrow treatment are expected to have the same WTP for the two portfolios.
However, overall trade-portfolios Al and A2 are not the same. They differ in the joint distribution
over blue and orange points they induce. Trade-portfolio Al induces a fifty-fifty chance between
the overall outcomes (30 blue points, 32 orange points) and (42 blue points, 6 orange points). This
is equivalent to a fifty-fifty chance between receiving €2.45 and €1.47 (see the payment table in
Figure|3) and implies an expected value of €1.96. In contrast, trade-portfolio A2 induces a fifty-
fifty chance between the overall outcomes (30 blue points, 6 orange points) and (42 blue points, 32
orange points). This is equivalent to a fifty-fifty chance between €0.24 and €2.9 and implies an
expected value of €1.57. Thus, in the broad treatment a risk neutral subject should have a higher
WTP for trade-portfolio A1 compared to trade-portfolio A2. Furthermore, since A2 has a higher
variance than A1, the same should hold for a risk averse subject. An equivalent logic applies to
the pair of trade-portfolios A3 and A4.

Denote by WTP;(P) the WTP for trade-portfolio P expressed by subject i. |WTP;(P) —
WTP;(Q)| denotes the absolute value of the WTP difference between portfolios P and Q expressed
by subject i in a given treatment. Hypothesis [I] summarizes the theoretical predictions based on
Axiom[I|(Correlation neglect).

Hypothesis 1 (Correlation neglect).
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(a) |WTP;(A1) —WTP,(A2)| is higher in the broad treatment than in the narrow treatment.

(b) |WTP;(A3) —WTP,(A4)| is higher in the broad treatment than in the narrow treatment.

Next, consider trade-portfolios B1 and B2 in Table[I] Both portfolios contain the same or-
ange asset which yields 6 orange points independent of the outcome of the coin toss. Furthermore,
the orange asset in the two portfolios is equivalent to the orange asset in the base-portfolio. Bl
and B2 differ from each other and the base-portfolio only in the blue asset they contain. Thus,
if Axiom [2] (Reference point) holds, we should observe the same ordering between the WTP for
the two portfolios across treatments. Since trade-portfolio B2 has both a higher expected value
and a lower variance than trade-portfolio B1, risk-neutral and risk-averse subjects should express
a lower WTP for B1 than for B2.

Similarly, trade-portfolios B3 and B4 in Table|[T]differ from each other and the base-portfolio
only in the orange asset they contain. Therefore, based on Axiom 2] (Reference point) I expect that
if a subject’s WTP for B3 is lower than her WTP for B4 in the broad treatment, this also holds for
the same subject in the narrow treatment. Again, based on expected value and variance the WTP
difference between B3 and B4 should be negative for risk-neutral and risk-averse subjects. The

theoretical predictions based on Axiom 2]are summarized in Hypothesis[2]

Hypothesis 2 (Reference point).

(a) The sign of WTP;(B1) —WTP;(B2) is the same across treatments.

(b) The sign of WT P,(B3) — WTP;(B4) is the same across treatments.

Finally, consider trade-portfolios C1 and C2 in Table[I] The only difference between C1 and
C2 is that the labeling of the assets they contain is interchanged. The asset that yields 52 points for
heads and 44 points for tails is called the blue asset in C1 and the orange asset in C2. Similarly,
the asset that yields 30 points for heads and 32 points for tails is called the orange asset in C1 and
the blue asset in C2. However, since blue and orange points enter the payment rule symmetrically
(see the payment table in Figure[3), the lottery over payments the two portfolios induce is exactly
the same. Both portfolios are equivalent to a fifty-fifty chance between €3 and €2.94. Therefore,
a subject in the broad treatment should have the same WTP for C1 as for C2.

Based on my model of narrow bracketing I do not expect the same to hold for subjects in the
narrow treatment. A narrow bracketer evaluates the broad expected utility function separately for
each asset in the portfolio keeping the respective other asset fixed at the reference point level (see
Theorem|I]). Suppose a subject is risk neutral such that her broad expected utility from a portfolio
is equivalent to the expected value of that portfolio. Consider trade-portfolio C1. Regarding the
blue asset in the portfolio, the narrow bracketer can be modeled as calculating the expected value of
a fictitious portfolio that combines the blue asset in C1 with the orange asset in the base-portfolio.
Such a portfolio would induce a fifty-fifty chance between the outcomes (52 blue points, 6 orange
points) and (44 blue points, 6 orange points) associated with an expected value of €2.28. In turn,
regarding the orange asset in C1, the narrow bracketer can be modeled as calculating the expected
value of another fictitious portfolio that combines the blue asset in the base-portfolio with the

orange asset in C1 which is €2.05. Similarly, the expected values resulting from such a separate
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evaluation of the assets in C2 are €1.62 and €1.69. Since according to my representation theorem
the narrow bracketer’s preferences over portfolios are representable by the sum of these separately
evaluated expected values, I expect that in the narrow treatment a risk-neutral subject’s WTP for
Cl1 is higher than her WTP for C2.

The prediction derived for trade-portfolios C1 and C2 is a manifestation of the general in-
tution concerning the role that an unbalanced reference point plays for the behavior of a narrow
bracketer discussed in Section 3] (Model predictions). The base-portfolio yields considerably more
blue points than orange points. It therefore induces a reference point that is unbalanced towards
blue points. Since C1 yields more blue than orange points irrespective of the outcome of the coin
toss, C1 is characterized by an imbalance towards blue points as well. Conversely, C2 is charac-
terized by an imbalance towards orange points. Now, the negative interactions between blue and
orange points induced by the payment rule push the narrow bracketer’s preference towards the
otherwise equivalent trade-portfolio which is characterized by an imbalance towards blue points,
namely C1. Hypothesis [3] summarizes the experimental prediction on the role of the reference

point derived from my model.

Hypothesis 3 (Role of the reference point). WT'P;(C1) — WTP;(C2) is lower in the broad treat-

ment than in the narrow treatment.

4.3 Results

A prerequisite for me to be able to use my experimental data to test my model of choice bracket-
ing is that the treatment manipulation worked. I require that subjects bracket the blue and orange
asset comprising a trade-portfolio jointly in the broad treatment and separately in in the narrow
treatment. Suppose the treatment manipulation did not work. Then, a subject’s WTP for a given
trade-portfolio should be the same across treatments. For each trade-portfolio used in the exper-
iment, Figure E] shows the distribution of the within subject WTP difference between treatments.
While the distributions are centered around zero for all portfolios, the plots also show considerable
variation in the WTP for the same portfolio between treatments. Across the different portfolios
41-77% of subjects in my sample express a WTP in the broad treatment that differs by more than
€0.1 from the WTP they express for the same portfolio in the narrow treatment. These results
indicate that while the treatment manipulation may not have been successful for all subjects in my
experiment, there still is a considerable share of subjects that behaves differently across the two

treatments.

Consider first Hypothesis [I] (Correlation neglect). For each of the two trade-portfolio pairs
A1&A2 and A3&A4 the hypothesis states that the difference in WTP between the two portfolios
should be higher in the broad treatment compared to the narrow treatment. Hypothesis [Th con-
cerning A1&A?2 is fulfilled for roughly 50% of subjects in my sample. The share of subjects for
whom Hypothesis [Tb concerning A3&A4 is fulfilled is 42%. Figure [5] compares the means of
the absolute value of the WTP difference between the portfolios in each of the two portfolio pairs
across treatments. In line with Hypothesis[Th, the mean absolute WTP difference between trade-
portfolios Al and A2 is higher in the broad treatment than in the narrow treatment. Furthermore,
this observation is confirmed to be statistically significant in a one-sided paired two-sample t-test

(p=0.04). However, Hypothesis [Ib is not supported in my experimental data. Figure [35] already
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Figure 4: Comparison of WTP for trade-portfolios across treatments. Each boxplot visualizes the
distribution of the difference between WTP for a trade-portfolio in the broad treatment and WTP
for the same trade-portfolio in the narrow treatment. As usual, the box shows the interquartile
range with the horizontal line between lower and upper quartile marking the median. The whiskers
extend to the extrema of the distribution excluding outliers.

shows that the mean absolute WTP difference between A3 and A4 is virtually the same across the

two treatments, a result which is confirmed by the corresponding t-test.

According to Axiom[I] (Correlation neglect), a subject that brackets the two assets in a port-
folio narrowly should be indifferent between the portfolios in the two trade-portfolio pairs A1&A?2
and A3&A4. Thus, if all subjects bracketed narrowly in the narrow treatment, we should observe
a mean WTP difference of zero for the two pairs in that treatment. Even for A1&A?2 this is clearly
not the case. Only 20% of subjects in my sample show a WTP difference between Al and A2 of at
most €0.1 in the narrow treatment. With a mere 11% the share of subjects that can be accordingly
classified as correlation neglecters in the narrow treatment is much lower for A3&A4. However,
for both portfolio pairs I do observe a considerable drop in the share of correlation neglecters in
the broad treatment compared to the narrow treatment. In the broad treatment only roughly 8% of
subjects show a WTP difference of at most €0.1 between the portfolios in the respective pair. I
interpret this drop in the share of correlation neglecters when moving from the narrow to the broad
treatment as additional suggestive evidence that narrow bracketing is related to correlation neglect

as asserted by Axiom |1|(Correlation neglect).

Result 1 (Correlation neglect). My experimental results concerning Hypothesis|l|provide prelim-
inary evidence for the validity of Axiom|[]

Consider now Hypothesis 2] (Reference point). For each of the two portfolio pairs B1&B2
and B3&B4, the hypothesis states that the ordering of WTP for the two portfolios in the pair
should be the same across treatments. Hypothesis [2]is fulfilled for the majority of subjects in my
sample. For 64 and 69% of subjects respectively I observe the same ordering of WTP within port-
folio pairs B1&B2 and B3&B4. For each of the two portfolio pairs Table [3] shows a contingency

table providing the respective frequencies of the feasible combinations of WTP orderings in the
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Figure 5: Visualization of the results for Hypothesis (Correlation neglect). The graph shows the
mean of the absolute value of the WTP difference between the portfolios in each of the two trade-
portfolio pairs A1&A2 and A3&A4 separated by treatment. The error bars indicate the standard
error of the respective mean measured by the standard deviation divided by the squareroot of the
sample size.

broad and narrow treatment. Consider first Table [3al As expected, for the majority of subjects
WTP,(B1) — WTP;(B2) is negative in both treatments. This means that the majority of subjects
prefers the portfolio in the pair that is characterized by a higher expected value and a lower vari-
ance in both treatments. In a Pearson’s chi-squared test the null hypothesis of independence of the
signs of WT P;(B1) — WT P;(B2) in the broad and narrow treatment is clearly rejected (p=0.007).
This result is in line with Hypothesis [2h. Considering Table [3b] a similar picture emerges. For
100 out of 171 subjects WT P;(B3) — WT P;(B4) is negative in both treatments. Furthermore, a
Pearson’s chi squared test clearly rejects the null hypothesis of independence (p<0.001).

Overall, the experimental results concerning Hypothesis [2] are in line with Axiom [2] (Ref-
erence point). The portfolios in the pairs B1&B2 and B3&B4 differ from each other and the

base-portfolio in only one asset. Therefore, the observation of equal WTP orderings between the

Narrow treatment Narrow treatment
Broad treatment — 0 +  Total Broad treatment — 0 +  Total
— 96 9 15 120 — 100 4 24 128
0 15 3 6 24 0 6 6 1 13
+ 13 3 11 27 + 15 3 12 30
Total 124 15 32 171 Total 121 13 37 171
(a) Sign of WT'P;(B1) —WTP;(B2) (b) Sign of WT P;(B3) —WTP;(B4)

Table 3: Visualization of the results for Hypothesis [2| (Reference point). Each contingency table
displays the bivariate frequency distribution of the sign of the WTP difference between the trade-
portfolios in the respective pair observed in the two treatments.
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Figure 6: Visualization of the result for Hypothesis |3| (Role of the reference point). The graph
shows the mean of WTP;(C1) — WT P;(C2) in the broad an the narrow treatment. The error bars
indicate the standard error of the respective mean measured by the standard deviation divided by
the squareroot of the sample size.

portfolios within each pair across treatments is consistent with the existence of a reference point,
in this case equal to the outcome of the base-portfolio, that ties together the broad and narrow
preference relations on portfolios. However, in conjunction with the preceding analysis of my
experimental data, this interpretation should be taken with a grain of salt. My analysis so far sug-
gests that my treatment manipulation was only partially successful in inducing subjects to bracket
narrowly in the narrow treatment. At the same time, Hypothesis 2] should equally hold for a sub-
ject who brackets broadly in both treatments. Therefore, in light of my relatively weak treatment

effect, the presented test of this hypothesis is not entirely conclusive.

Result 2 (Reference point). My experimental results concerning Hypothesis[2| support the validity
of Axiom[2}

Finally, consider Hypothesis 3] (Role of the reference point). The hypothesis states that the
difference in WTP between trade-portfolios C1 and C2 in the narrow treatment should be lower
than the same WTP difference in the broad treatment. Hypothesis [3]is fulfilled for only 29% of
subjects in my sample. For the vast majority of subjects (85%) the absolute values of the WTP
difference between the two portfolios differ by at most €0.1 across the two treatments. Figure
[6] compares the means of the WTP difference between C1 and C2 across treatments. In both
treatments the mean of this WTP difference is close to zero. A paired two-sample t-test confirms

that there is no significant difference between the mean WTP differences across treatments.

For the majority of subjects in my sample (60%) the WTP for portfolios C1 and C2 in the
broad treatment differ by at most €0.1. This is as expected since the two portfolios are essentially
equivalent. A subject who brackets the two assets in a portfolio broadly should be indifferent
between C1 and C2. In the narrow treatment the share of subjects for whom the WTP for C1 and
C2 differ by at most €0.1 drops to 47%. This drop in the share of subjects behaving consistent

with broad bracketing in the narrow treatment is reflected by a higher variance in the distribution
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of the WTP difference between C1 and C2 in that treatment.

Result 3 (Role of the reference point). My experimental results concerning Hypothesis 3| do not

support the validity of my model’s prediction on the role of the reference point.

Overall, I interpret the results of my experiment as providing preliminary evidence for the
validity of the behavioral axioms underlying my model of choice bracketing. However, since the
treatment effect I observe in the experiment is relatively weak, I am not able to present a conclusive
assessment of the validity of my model as a whole. In particular concerning my model’s prediction
on the role of the reference point, further empirical research will be needed to determine whether
the lack of support for the prediction provided by my experiment is an artifact of my relatively

weak treatment manipulation or a more general flaw of my modeling approach.

Fortunately, my experimental design can easily be adjusted to make the treatment stronger.
For example, one could increase the waiting time that subjects need to endure in the narrow treat-
ment when switching between the information on the two assets in a portfolio. This would make
it more costly for subjects to repeatedly view each of the two assets and require a better memory
for their joint consideration. Another possibility would be to increase the dimensionality of the
decision problem by increasing the number of assets in a portfolio. This would make it harder for

subjects to bracket broadly overall and especially so in the narrow treatment.

5 Conclusion

Narrow bracketing affects individual decision making. Individual decision making is the very ba-
sis of almost all economic activity. Therefore, the potential implications of this behavioral bias
go through the whole economy. Indeed, empirical evidence suggests that narrow bracketing ad-
versely affects behavior in a vast variety of important economic settings. In this paper I present a
generally applicable theoretical model of choice bracketing. Previous models of choice bracketing
are restricted to one-dimensional outcome spaces. Therefore, these models can accomodate only
a small subset of the relevant economic applications. Allowing for multidimensional outcome
spaces, my model opens up the possibility to systematically study the effects of narrow bracketing
in new economic applications ranging from complex contract negotiations to basic consumption
bundle choice. Furthermore, I derive my model from basic behavioral assumptions. In contrast to
a model that is designed to generate specific predictions in a given setting my model is therefore
more likely to make accurate predictions when applied across a variety of different settings. Fi-
nally, my model provides a theoretical framework that can inspire and organize future empirical

research on choice bracketing.

An essential component of my model of choice bracketing is the reference point. It ties
the narrow preference relation to its broad counterpart. However, my model takes the reference
point as given and stays agnostic about where it comes from. In my applications I show that
the direction and extent of the deviation of a narrow bracketer’s choices from her broad optimum
crucially depends on the specific form of the reference point. Future research investigating the
nature of reference points in narrow bracketing is therefore essential to further our understanding

of this behavioral bias.
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Another important component of my model is the system of brackets. It characterizes the
degree to which a decision maker brackets narrowly. For a given system of brackets my model
fully characterizes the representation of the narrow preference relation. A promising direction for
future research would be to identify a way to elicit a decision maker’s system of brackets from
choice data. My experimental results suggest that the system of brackets characterizing the narrow
preference relation is not set in stone. Instead, the extent to which a decision maker brackets
narrowly depends on how easy it is for her to access information on the different dimensions
of her decision problem simultaneously. In that respect my experimental design can serve as a

guideline for finding ways to improve individual decision making.
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A Proofs of Section

A.1 Proof of Proposition 1| (Indifference curves)

ou

axl

Proof. The marginal rates of substitution for the broad and the narrow bracketer are
-1
MRS (x 1, )CQ) > .
(r1,%2)

Ot |4, 4y \ 922 (r1m2) \ 92
2u

Thus, we obviously have MRS(ry,r;) = MRS (r1,r2). In this proof I focus on the case 575 > 0.

) and MRS(x1 X)) =
x1,X2)

The other two cases can are proven analogously. Consider pairs (r,xz) with x > rp. The above
expressions for the broad and narrow marginal rates of substitution reveal that the numerator
of ]\TRJS(rl,xz) is equal to the numerator of MRS(r,r,) and the denominator of MRS(ry,x2) is
equal to the denominator of MRS (r1,x2). Furthermore, by a}?lzal;z > 0 we have that the numer-
ator of MRS(ry,xz) is larger than the numerator of MRS(ry,r2). Together with MRS(r1,r2) =

ﬁS(r],rz) this implies that MRS(ry,x3) > ﬁS(rl,xg) for all x, > r,. Similar reasoning re-

veals that MRS(r1,x2) < A?R/S(rl,xz) for all x, < rp. Now, consider pairs (x;,72) with x; > ry.
The above expressions for the broad and narrow marginal rates of substitution reveal that the
denominator of MRS(x;,r;) is equal to the denominator of MRS(ry,r;) and the numerator of

MRS(xy,r,) is equal to the numerator of MRS(x;,r»). Furthermore, by 3;225;2 > 0 we have that

the denominator of MRS(x;,r,) is larger than the denominator of MRS(ry,r;). Together with
MRS(r1,r) = ﬁS(rl,rg) this implies that MRS(x1,r2) < A}ES(xl,rz) for all x; > r;. Similar
reasoning reveals that MRS (x1,r;) > MRS (x1,r2) for all x; < ry. Finally, the full claim presented

in the proposition follows by convexity of preferences as implied by positive interactions. O

A.2  Proof of Proposition 2 (Narrow optimum)

Proof. Focus on the case ax ax > 0. The proof for ax ax < 0 proceeds analogously. Since x*
and ¥ are interior solutions and r  x*, it must hold that MRS(x],x5) = %, MRS(%,5%,) = %, and
MRS(ry,rp) # %

Now, suppose MRS(r1, ) < EL. Since MRS(r1,r2) = MRS(r1, 72), this holds iffAA{TS(n 1) <
L. Since x* and ¥ are interior solutions and w = pyr| + para, MRS(ry, rz) < ﬂ and MRS(r,r) <

‘E'ﬁ"’c
= S

A/lmply that x], % < r; and xz,xz > rp. Thus, by Proposmon 8{@/ > O = MRS(x},x3) >
MRS(x},x5) and MRS(%;,%2) > MRS(%1,%). As p—‘ L =MRS(x7,x3) > MRS(x], x3) and MRS (%1, %2) >
MRS(%,%) = E% it must therefore hold that ax ax >0=d(rx") <d(rx).

Suppose 1nstead MRS(ri,rp) > %. Since MRS (r1,r2) = MRS(r1 ,72) this holds iffﬁS(rl 1) >
%. Since x* and ¥ are interior solutions and w = pyr| + para, MRS(r1,r2) > % and ﬁS(rl ) >
p—z imply that x7,%; > r; and xz,xz < rp. Thus, by Proposmon % >0 = MRS(x},x3) <
MRS(xt,x5) and MRS(%, %) < MRS(%1,5%). As ﬂ L =MRS(x],x3) < MRS(x],x3) and MRS(%,%,) <
MRS(%,5%,) = pl it must therefore hold that ax ax >0=d(rx") <d(rx). O

36



A.3 Proof of Proposition [3 (Exchange economy)

Proof. For any elements x and ¥ of the respective broad and narrow cores, we have MRS' (x') =
— 1 )
MRS?(x*) and MRS (xl) = MRS ().

Focus first on > 0 for i = 1,2 and ® such that MRS' (') > MRS?(®?). From Propo-

ox’ ’a A
smonlwe know that s1nce r= o, MRS’(O)’) MRS (co‘) for i = 1,2. Therefore, MRS' (w'!) >
MRS?(®?) implies MRS (o) > MRS (wz)

By MRS'(®') > MRS*(w?) and MRS (0)1) > A7I\R/Sz( ®?) it must hold for any interior broad
and narrow core allocations x and %, that x} > o}, x} < !, ¥l > o}, and &} < ®, with one of the
two inequalities concerning x and X holding strictly.

Now, consider any allocation y with y! > o} and y} < o, implying y7 < ©} and y3 > 03,
where one of the two inequalities holds strictly. By Proposition|l{we have MRS (y') < MRS : "
and MRS?(y?) > ﬁSz(yz).

Thus, starting from the initial endowment allocation ®, increasing the amount of good 1
allocated to person 1 while decreasing the amount of good 2 allocated to person 1 reduces the
difference between the broad marginal rates of substitution of persons 1 and 2 faster than the
difference between the narrow marginal rates of substitution of persons 1 and 2. Therefore, it
must hold that at any allocation in the broad core x = (x!,x?), MRS' (xh) > MRS’ (x*) while at any
allocation in the narrow core ¥ = (¥!,%2), MRS! (') < MRS? (%), such that the Euclidean distance

between the initial endowment allocation ® and any allocation in the broad core x, d(x,®) =

\/ (o} —x})2+ (o} —x1)2, is smaller than the Eucleadian distance between the intital endowment

allocation ® and any allocation in the narrow core %, d(®,%) = \/ (o} —%1)2 + (o) —x1)2.

Focus now on

e ,a r > 0 for i = 1,2 and ® such that MRS' (w') < MRS?(®?). From Propo-

smonlwe know that smce r= o, MRS’((O’) MRS (co’) for i = 1,2. Therefore MRS' (') <
MRS?(w?) implies MRS' (o )<MRS (o )

By MRS'(0') < MRS*(w?) and MRS (0)1) < 1\71;3/52((02) it must hold for any interior broad
and narrow core allocations x and %, that x} < @] and x} > o}, respectively %] < ®} and &} > !,
with one of each of the two inequalities holding strictly.

Now, consider any allocation y with y! < o} and y} > o!, implying y3 > ©} and y3 < 3,
where one of the two inequalities holds strictly. By Proposition l|we have MRS' (y!) > MRS : O
and MRS2(2) < MRS’ (2.

Thus, starting from the initial endowment allocation ®, decreasing the amount of good 1
allocated to person 1 while increasing the amount of good 2 allocated to person 1 reduces the
difference between the broad marginal rates of substitution of consumers 1 and 2 faster than the
difference between the narrow marginal rates of substitution of consumers 1 and 2. Therefore, it
must hold that at any allocation in the broad core x, MRS : (x) < MRS’ (x) while at any allocation
in the narrow core ¥, MRS' (X) > MRS? (%), such that the Euclidean distance between the initial en-

dowment allocation ® and any allocation in the broad core x, d(x, ®) = \/ (o} —xD)2+ (o) —x1)2,
is larger than the Eucleadian distance between the intital endowment allocation ® and any alloca-
tion in the narrow core %, d(m,i) = \/(w} — )2+ (o) —#)2.

The proof for

" a I < 0 fori= 1,2 proceeds analogously. U
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