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Abstract: In various professional and private contexts, it is often necessary to aggregate different opinions
about whether a given claim is true or false. A doctrinal paradox occurs when this claim is akin to a logical
formula combining several propositions, and it turns out that the claim itself is true (resp., false) for a

majority of judges, whereas a majority of judges has opinions on the propositions that would make the claim

false (resp., true). The doctrinal paradox is a serious formal concern for judgment aggregation, which has

generated intense normative research in various scientific fields. Behavioral psychologists, though, still

have to undertake systematic research on this important problem. This article provides a brief introduction
to the doctrinal paradox and its formal study, summarizes available behavioral data, and points to

perspective for future behavioral research.
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1 Introduction

Imagine that you are considering buying a car,
which the salesperson described as being safe and
having low maintenance costs. Because you are not
sure that this description is correct, you ask five
knowledgeable persons to tell you whether or not
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this specific car is safe, and whether or not it has
low maintenance costs. You then summarize their
responses in a table, which looks just as Table 1.
The rule you gave to yourself was that you would
consider the description as correct if and only if a
majority of experts had opinions that agreed with
that description. From the set of opinions displayed
in Table 1, what do you conclude about the
description?

Quite remarkably, might
anything you want. You might try to count the

you conclude

number of experts who agree with the description as
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awhole, that is, who see the car as safe and having
low maintenance costs. There are only two of them,
out of five experts. As a consequence, you would
conclude that the description is incorrect. But
consider now this other perspective: three experts
(out of five) agree that the car is safe, so that is a
majority; and three experts (out of five) agree that the
car has low maintenance costs, and again that is a
majority. As a consequence, you have legitimate
grounds to conclude that the description was correct.

Table 1: A set of opinions leading to a doctrinal paradox:
a majority of experts say it is true that the car is safe, a
majority say it is true that the car has low maintenance
cost, but only a minority of experts say that both things
aretrue.

Safe car? Low costs? Both?
Expert 1 Yes No No
Expert 2 No Yes No
Expert 3 Yes Yes Yes
Expert 4 Yes Yes Yes
Expert 5 No No No

This is a remarkable situation: depending on
the way you count, the same set of opinions seems
to support equally well two opposite conclusions.
There is a clear majority in favor of one conclusion,
but also a clear majority in favor of the opposite
conclusion. What should you conclude in such a
situation? And, perhaps more importantly from the
point of view of the psychologist, what are you
actually going to conclude?

As we will see in Section 2, this example
illustrates a situation known as the doctrinal
paradox, which isitself a key problemin the field of
judgment aggregation. Judgment aggregation and its
paradoxes (doctrinal and otherwise) are currently
generating much excitement in the socia and
computer sciences, as we will see in Section 3. The
behavioral sciences, however, seem to be late in the
game, and there is very little data yet on the way
laypersons escape the doctrinal paradox. We will
survey these data in Section 4, and conclude on the
need for psychologists to tackle this new challenge.

2 The doctrinal paradox in judgment
aggregation

Doctrinal
aggregating the opinions of a group of individuals

paradoxes can occur when
about a set of logically connected propositions. In
these situations, the individuals within the group all
expressed a set of binary opinions (true/false) about
a series of propositions x, y, z, etc. Our car example
features two propositions x and y, which
respectively stand for “the car is safe” and “the car
has low maintenance costs.”

The goal of the aggregation is to define the
collective opinion of the group about a logical
formula combining these propositions. In our
example, the formula to be assessed is “x and y”,
that is “the car is safe and it has low maintenance
costs.” In other situations, we could be interested in
other simple formulas, such as the disjunction “x or
y”, or in more complex formulas featuring more
variables, such as “x or not-(y and z).”

There are many situations in which we might
want to aggregate opinions this way. For example,
current attempts at harnessing the wisdom of the
crowds through social networks have to address the
challenge of opinion aggregation. List and Polak
(2010), in their introduction to a recent special
section of the Journal of Economic Theory devoted
to judgment aggregation, describe a number of other
relevant contexts, such as courts of laws, scientific
panels, or search committees. For example, an
academic department could be looking for
candidates with outstanding teaching evaluations (x),
an excellent track record of publications (y), and
some experience in attracting research funding (z).
What is expected from the search committee is an
aggregated opinion on whether each candidate
matches this description. The description itself is a
logical formula combining the three propositions,
namely “x andy and z.”

There are two rather natural ways to calculate
the collective opinion of the group about such a

formula, based on individual sets of judgments about
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its propositions. First, one might simply count how
many individuals expressed sets of judgments which
make the formula true. In the search committee
example, this would amount to counting the number
of committee members who believed that x, y, and z
were all true about a given candidate. If they are the
majority, then the committee is seen as collectively
agreeing with this description of the candidate. This
procedure is often called conclusion-based.

The other option is to count how many
individuals agree with each proposition in the formula.
Once this is done, one can check whether the formula
is true when each proposition is given the value so
aggregated. In the search committee example, this
would amount to counting how many members agree
with x, then how many members agree with y, then
how many members agree with z. Each proposition is
given the aggregated value True if a mgjority of
members agreed with it, and the aggregated value
False otherwise. The committee is seen as collectively
agreeing with the formula if the aggregated values of
the propositions make the formula true. This
procedure is often called premise-based.

A doctrinal paradox occurs when these two
procedures give inconsistent results. Let us check
that this is the case in our car example. The
conclusion-based procedure amounts to counting
how many experts answered Yes to both questions.
Only two of them did, so this procedure tells us that
the five experts collectively see the description as
false. The premise-based procedure, on the contrary,
tells us that the aggregated value of the first
proposition is True (three yesses), and that the
aggregated value of the second proposition is also
True (again, three yesses). These aggregated values
make the formula true, so this procedure tells us that
the experts collectively see the description as true.
The two procedures thus deliver contradictory results,
leaving us in the midst of a doctrinal paradox.

3 Formal results

The doctrinal paradox, as well as other related

problems, provided the impetus for the vibrant field
of judgment aggregation, generating research in law,
political science, philosophy, and
computer science (Bovens & Rabinowicz, 2006,
Cariani, Pauly, & Snyder, 2008, Dietrich, 2006,
Dietrich & List, 2008, List, 2005, List & Pettit,
2002, 2004, Pigozzi, 2006).

A substantial part of this research is inspired
by the similarities between judgment aggregation
and the more classic problem of preference

economics,

aggregation. Because the present article is meant as
an entry point for psychologists, we will not
consider here the important but rather abstract
results that were obtained by drawing on these
similarities. We will, however, briefly consider
two questions that are of substantial interest to
psychologists, and that were formally explored by
analytical scientists: How likely is it that a doctrinal

1 Judgment aggregation is a more general situation than
preference aggregation, and the doctrinal paradox itself is a
generalization of Condorcet's paradox. Because judgment
aggregation is a generalization of preference aggregation, the
constraints on the input and output of the aggregation
procedure can go beyond the constraints that are typically
considered in preference aggregation. For example, instead of
asking for transitivity of the individua and collective
preference orderings, judgment aggregation can require that
both the individual and collective sets of judgments are
logically consistent. The formal literature on judgment
aggregation has produced impossibility results akin to
Arrow’s theorem, and has offered results concerning the
requirements that can be lifted in various situations in order to
obtain a compelling aggregation procedure. Because
judgment aggregation can operate on non-evaluative
judgments instead of preferences, it makes it especialy
relevant to investigate the truth-tracking capacity of various
aggregation procedure, that is, to assess the probability that a
given procedure will yield an objectively correct judgment in
agiven situation. For an entry point in that literature, see List
and Polak (2010).
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paradox will appear in real life? And what
procedure gives the best results when it does?

List (2005) developed a model for determining
the probability of a doctrinal paradox, under some
assumptions about the distribution of individual sets
of judgments. The model considers a group of n
individuals, who all give their opinion about the
truth or falsity of the two variables x and y. Each
individual can thus communicate one of four sets of
judgments (True-True, True-False, False-True,
False-False). Each of these sets of judgments has a
fixed probability of being communicated, which is
the same for all individuals. Finally, individual sets
of judgments are assumed to be independent from
each other.

When the four sets of judgments have an equal
probability, the probability of a doctrinal paradox
quickly converges to .25 as n increases. The
probability of a doctrinal paradox can even be much
higher under some conditions. For example, it
quickly converges to 1 in a situation when
False-False judgments are highly unlikely (p=.01)
and all other judgments are equally likely (p=.33).
For small groups (say, from n=11 to n=31)
paradoxes occur with a probability ranging from .20
to .90 in the various scenarios considered to
illustrate the model.

It would thus appear that doctrinal paradoxes
can be obtained very easily when aggregating the
opinions of a group. In other words, premise-based
aggregation and conclusion-based aggregation can
easily deliver inconsistent responses. The next
question, then, is to consider which of these
procedures delivers the better answer. This can be
done by simulating situations where the correct
answer is known, and to check which procedure has

the highest probability to deliver this correct answer.

While this question might not be entirely solved, an
array of results would suggest that the premise-
based procedure should often be preferred (e.g.,
Hartmann, Pigozzi, & Sprenger, 2010). That is not
to say, however, that laypersons spontaneously turn
to the premise-based procedure when they face a

doctrinal paradox. This descriptive issue is
addressed in the next section.

4 Behavioral data

There is very little data available on how
people behave when facing a doctrinal paradox, or
more generally about whether they prefer premise
or conclusion based procedure for aggregating
opinions. Interestingly, some data about jury
behavior seem to suggest that jurors benefit from
using a premise-based procedure. The analogy here
is that the facts about the case are the premises, and
the verdict is the conclusion. Conclusion-based
aggregation amounts to aggregating opinions about
the verdict, while premise-based aggregation
amounts to aggregating opinions about the facts,
and only then to calculate the verdict. Juries that
primarily try to aggregate opinions about the facts,
rather than about the verdict, seem to do a more
careful work and to be more satisfied with their
experience (Hastie, Penrod, & Pennington, 1983).
Furthermore, mocked juries who are encouraged to
deliberate in a premise-based way (by aggregating
their opinions before members have individually
committed to a verdict) reach decisions that all
members find more satisfying, even members who
actually disagree with the final decision (Kameda,
1991).

It would thus appear that the premise-based
procedure is both a formally and psychologically
adequate escape route from the doctrinal paradox.
The problem, though, is that people do not seem to
manifest a spontaneous preference for that solution,
as shown by the two experimental papers that
directly addressed individual behavior in a situation
of doctrinal paradox (Bonnefon, 2007, 2010).

(2007) reported that people
manifested a slight preference for the conclusion-
apparently  for
found the conclusion-based

Bonnefon
based procedure, reasons of
simplicity: They
procedure simpler, and these judgments of

simplicity mediated their preference. This
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preference, however, could be attenuated by various
experimental manipulations. The premise-based
procedure became more appealing when the
variables x and y were negatively correlated in the
real world. It seems that when subject did not expect
x and y to be true together, they satisficed with the
fact that x was true for amajority and y was true for
amajority, without requiring that a majority actually
believed that x and y were true at the same time. The
cover story in the experiment was one where
employees were judged on two criteria. In both the
experimental conditions, x stayed the same: “being
young”. The criterion y, however, was manipulated
to be either independent from x (“being trilingual”),
or negatively correlated with x (“having extensive
high-level managerial experience’). Faced with
structurally identical sets of judgments, participants
preferred conclusion-based aggregation when
looking for someone young and trilingual, but they
preferred premise-based aggregation when looking
for someone young with extensive, high-level
managerial experience.

The premise-based procedure can aso be
promoted by specific framings of the aggregation
task. Let us look again at the scenario when the goal
of the aggregation is to find an employee who is
young (x) and trilingual (y). The set of available
judgments exhibits a doctrinal paradox, as the
premise-based procedure says the employee is
young and trilingual, whereas the conclusion-based
procedure says he is not. Now let us add one
element to the situation; an employee who is found
to be young and trilingual will be moved to either a
very coveted position, or to a position that nobody
wants to fill.

When this element is added to the scenario, it
changes the preferences of subjects about how
judgments should be aggregated. Subjects are more
likely to find the premise-based procedure
appropriate when its output would be positive for
the employee (Bonnefon, 2007). This result was
explored further in another pair of experiments
(Bonnefon, 2010), in which the framing of the

aggregation was manipulated slightly differently. In
these experiments, the goal of the aggregation was
to assess whether employees where “competent”
and “motivated” (in  one condition) or
“incompetent” and “unmotivated”
condition).  Importantly, this

manipulated within-subject. That is, the same
subjects saw two identical sets of judgments, only

(in another
variable was

with different labels for the criteria.

As it turned out, the labels for the criteria
made a large difference. When the criteria were
labeled “competent” and “motivated”, subjects
preferred the premise-based procedure, which said
the employee was both of these things. When the
labeled  “incompetent”  and
“unmotivated”, the same subjects, given structurally
identical sets of judgments, now preferred the
conclusion-based procedure, which said that the
employee was not both of these things.

A second experiment used a disjunctive
variant of the paradox, where the goa of the
aggregation was to assess whether employees where
“competent” or “motivated” (in one condition) or
“incompetent” or (in  another
condition). Once more, this variable was
mani pulated within-subject. The important aspect of
this experiment is that the conclusion-based
procedure now says that
(in)competent  or
premise-based procedure says that he is not. This
time, subjects preferred the conclusion-based
procedure when the labels were “competent” and

criteria  were

“unmotivated”

the employee is
(un)motivated, whereas the

“motivated”, but the premise-based procedure when
the labels were “incompetent” and “unmotivated”.
This overall pattern of results appears to
suggest that the framing of the paradox affects the
type of mistakes people feel concerned about, and
that people then adopt the procedure that is the most
likely to allay the specific concern they feel. When
the goal of the aggregation is to decide whether
someone is competent and/or motivated, excluding
someone by mistake seems to be more of a concern
than including someone by mistake. Conversely,
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when the goal of the aggregation is to decide
whether people are incompetent and/or unmotivated,
including someone by mistake seems to be more of
a concern than excluding someone by mistake.

As it turns out, for the classic (conjunctive)
version of the paradox, the premise-based procedure
minimizes the risk of excluding someone by mistake,
whereas the conclusion-based procedure minimizes
the risk of including someone by mistake. For the
disjunctive version of the paradox, the two
aggregation rules have opposite properties (List,
2006). Thus, all happens as if subjects were using
the procedure that is the most effective at allaying
the most salient concern raised by the framing of the
aggregation. Rather than having a fixed preference
for premise-based or conclusion-based aggregation,
people might pick that procedure which is the most
likely to avoid errors of omission or errors of
commission, as a function of the error they wish to
avoid the most. This is an encouraging perspective,
as it would suggest that people are not totally
confused by situations of doctrinal paradox, but
may rather have some intuitive grasp of the
properties of the aggregation procedure they end up
using.

5 Perspectives for future behavioral
research

The doctrinal paradox raises a deep problem
for judgment aggregation, as soon as we wish to
reach a collective judgment about a complex topic.
When we wish to reach a collective judgment about
an issue that can be defined as a logical formula
combining several propositions, we can frequently
be in a situation where aggregating the judgments
about the propositions delivers a different result
than aggregating the judgments about the formula
itself. Note that this situation is quite likely to arise
in situations when people take advice from multiple
advisors. Although multiple-advisor situations have
been addressed in the advice giving literature (see
Bonaccio & Dalal, 2006, p.137, for a review),

advice-taking research has not yet linked with the
doctrinal paradox literature.

This problem has generated a large body of
normative research, addressing the issue of what
should be done when a doctrinal paradox arises.
There is comparatively much less research, however,
on what people actually do in such a situation. This
is a gap that behavioral psychologists must fill.
Behavioral research is needed in particular to ease
the transition from

normative findings to

prescriptive recommendations:
should be done is only one step to telling people

what to do, asit is also necessary to know what they

Knowing what

would be spontaneously inclined to do and why.

Behavioral research is also needed to protect
people from manipulation. A worrying aspect of the
doctrinal paradox is that whomever can decide on
the procedure can decide on the outcome of the
aggregation. If psychologists want to prevent that
outcome, they must assess the extent to which
people understand situations of doctrinal paradox,?
and the extent to which they can control their
reaction to such factors as the way the situation is
framed.

In the previous section, we have considered a
rather optimistic perspective on framing effects as
applied to the doctrinal paradox. These framing
effects might reflect a rational goal of minimizing
the type of errors that people mostly want to avoid
in different situations. It is not clear, however,
whether this rational strategy would be deliberate,
or automatically triggered by surface properties of
the situation. In that regard, it is perhaps worrying
that Bonnefon (2010) did not find any moderation
of the framing effect by individual characteristics
such as the Need for Cognition. It remains to be

2 The extent to which people can spontaneously understand
doctrinal paradoxesis till largely unknown. In the context of
piloting experimental materials, this author realized that many
subjects appeared to be unable to properly apply premise-
based aggregation when required to.
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seen whether such effects or others can be
moderated by other individual characteristics, or
influenced by Lastly,
behavioral research on the doctrinal paradox will

cultural  differences.

have to go beyond the framing effects demonstrated
by Bonnefon (2007, 2010), and identify others
psychologically relevant aspects of judgment
aggregation that may swing people’s choice of an
aggregation procedure when they try to come to
terms with the inconsistent conclusions they can
reach from a single set of judgments.
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