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Humans often assign confidence
to multioption decisions, but most
computational research only uses
two-alternative tasks. In a new
study, Li and Ma begin to reveal
the mechanisms of confidence
generation in multialternative tasks.
This research should inspire further
experiments on how humans assign
confidence judgments in real-world
situations.

Here is a little pop quiz: (i) did India gain in-
dependence before or after the Second
World War? (ii) Which planet is closest to
the Sun? (iii) Which country is Santiago
the capital of? Did you make your
guesses? Now, for each question, rate
your level of confidence.

How do humans assign confidence to
their responses? This question is the
topic of investigation of a burgeoning
literature focused on revealing the compu-
tational foundations of confidence reports.
A critical issue that our little quiz reveals is
that not all decisions for which we rate
confidence are created equal. The three
quiz questions above required you to
choose between two, eight, and ~200
possible answers, respectively. Further-
more, the first question explicitly defined
the two options, but most of us do not
even know what all of the options for the
last question are. Questions from the last
type have been investigated for N50
years [1], but their complexity almost
completely precludes a rigorous computa-
tional approach. Therefore, recent years
have seen an explosion of research using

two-choice tasks to achieve an increasingly
sophisticated computational understanding
of confidence [2–4]. While this research has
made large strides in our understanding,
some mechanisms deemed plausible for
two-choice tasks may be implausible for,
or not even apply to, 200-choice tasks.
Therefore, truly understanding how confi-
dence is generated requires that we expand
beyond two-choice tasks but maintain the
level of computational rigor that they have
made possible (Figure 1).

Recently, Li and Ma [5] took an important
first step in that direction by creating a par-
adigm that allowed precise computational
modeling of a three-choice task. Subjects
were asked to judge which of three clouds
of differently colored dots generated a
specific black dot and then to rate their
confidence. To make the task intuitive,
subjects were encouraged to think of
the problem as deciding which of three
groups of people wearing different colors
a random person in a crowd belonged to.
Li and Ma could then adjust the exact pa-
rameters of the clouds, which enabled
them to build and compare specific com-
putational models of how confidence is
generated in this task.

The authors compared three main
models. The first model postulated that
confidence ratings reflect the probability
of being correct, the dominant view that
has emerged from the literature on two-
choice tasks [6,7]. The secondmodel pos-
tulated that confidence instead reflects the
difference in the posterior probability of the
top two options. Finally, the third model
postulated that confidence ratings reflect
the entropy (i.e., the overall uncertainty)
of the decision. The data were best
explained by the second model. This
finding was robust across several different
variations of the models and across three

different experiments that varied the
arrangements of the dot clouds and the
availability of trial-by-trial feedback.

What do these results mean in practice?
Consider a particular trial in which you es-
timate the posterior probabilities of the
three options to be 50%, 45%, and 5%.
Now consider a different trial where you
estimate these probabilities to be 40%,
30%, and 30%. In both cases, you would
choose the first (most likely option), but
which decision would you be more confi-
dent in? The first and third models, which
postulate that confidence reflects proba-
bility correct or entropy, predict that your
confidence will be higher in the first deci-
sion (because the posterior probability of
50% is higher than 40%, and because
the first distribution has smaller overall un-
certainty). However, Li and Ma's results
suggest that you will instead have higher
confidence in the second decision be-
cause of the larger difference between
the top two options (50minus 45 is smaller
than 40 minus 30). As suggested by the
authors, an intuitive interpretation of this
phenomenon is that confidence judg-
ments reflect the probability that the cho-
sen alternative is the best possible option
rather than a very probable one.

Nevertheless, multialternative decisions in
the real world have added complexity
that Li and Ma’s computational model
may not be able to capture. For example,
consider how you reported your confi-
dence in the quiz questions (for those
curious, the correct answers are after
WW2, Mercury, and Chile). Li and Ma’s
model implies that your confidence was
determined by the difference in the poste-
rior probability of your top two alternatives.
However, computing posterior probabili-
ties may be difficult or impossible in situa-
tions such as the third quiz question,
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Figure 1. Three Types of Decisions with Discrete Alternatives. Decisions with just two alternatives, small
numbers of alternatives (e.g., three to high single digits), and high numbers of alternatives (e.g., double digits or
more) are all ubiquitous in real life. Confidence in two-choice decisions is easiest to understand computationally,
but insights may not generalize to other situations. Thus, decisions with small numbers of alternatives provide a
computationally tractable way for developing a general theory of confidence generation. Nevertheless, confi-
dence for decisions with large numbers of alternatives may involve yet new mechanisms because posterior
probability is difficult to compute for them.

where all possible answers are not even
known in advance (Figure 1). Thus, confi-
dencemay often need to be based directly
on the likelihoods rather than the posterior
probabilities. In fact, Li and Ma showed
that a model where confidence was
based on the ratio of the likelihoods for
the top two options performed almost as
well as the winning model. In addition,
contrary to Li and Ma’s winning model,
the exact values of the non-normalized
likelihoods may also be important. For
example, recent research [8,9] suggests
that confidence is higher when the top
two options both have high likelihoods
(e.g., ‘I was guessing between Mercury
and Venus’) than if all options have close
to zero likelihood (‘I just can’t think of any
country’). However, doubling the like-
lihood of all options results in the exact
same posterior probabilities (because the
computation of posterior probabilities in-
volves normalizing the likelihoods) and,
hence, does not influence confidence in
Li and Ma’s model. Finally, the mecha-
nisms governing confidencemay be differ-
ent in purely perceptual tasks with brief
stimulus presentations, where the confi-
dence computations would strongly de-
pend on the exact nature of the internal

representation [10]. All of these possibili-
ties should be directly explored in follow-
up studies.

Thus, multialternative decisions likely in-
volve additional mechanisms that are not
considered in Li and Ma’s winning model.
However, their paper represents a critical
first step and proves that rigorous compu-
tational modeling does not necessitate
using a two-choice task. We may have
just entered a new era where sophisticated
computational models are constructed
for tasks that mimic the multialternative
choices ubiquitous in the real world.
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Gender Equality and
Gender Gaps in
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In a recent analysis of mathematics
performance (Eriksson et al. 2020),
national gender egalitarian values
were positively associated with an
increase in the average mathemat-
ics scores of high-school boys rel-
ative to girls. This study highlights
that progressive gender egalitarian
values at a national level might not
translate into equality of opportu-
nity at an individual level.

The long-standing expectation that, on
average, girls have lower mathematical
abilities than boys has been undermined
by several lines of empirical evidence; for
instance, a meta-analysis has shown that
the gender gap in average mathematics
performance is close to zero [1], and the
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