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Abstract

Humans have a sense of confidence that tracks the prob-
ability of having made a correct decision based on un-
certain evidence. This sense, though relatively accurate,
presents numerous biases, especially being affected by
the subjective value of expected outcomes, and neglect-
ing evidence for unchosen options. Here, we ask how
these affective and choice-related biases may interact,
by manipulating monetary incentives and choice agency
in a visual categorization task with confidence judge-
ments. We then compare the results with predictions
from computational models. We show that the incen-
tive effect on confidence is not only present when partic-
ipants judge their own choices, but also when observing
choices imposed by the computer. However, in the lat-
ter case, the effect is attenuated. We conclude that the
incentive effect emerges from attention, not action, ex-
aggerating subjective evidence in favor of an option, and
that choice ownership intensifies this effect.

Keywords: metacognition; confidence; motivated cogni-
tion; computational modeling

Introduction

Humans have a sense of confidence that tracks the
probability of having made a correct choice (Aitchison
et al., 2015; Sanders et al., 2016), which they can use to

modulate behavior (Meyniel et al., 2015; Rollwage et al.,
2020). However, confidence is subject to an incentive
effect: prospective gains (losses) increase (decrease)
confidence (Lebreton et al., 2018; Salem-Garcia et al.,
2023). It is unknown whether this incentive effect is
specific to self-monitoring processes (about one’s own
choices) or, on the contrary, it is a general feature of
probabilistic computations (about external states). In
fact, the act of choosing may be the root of biased
beliefs (Sharot et al., 2010; Michel and Peters, 2021;
Chambon et al., 2020), and confidence judgements in
particular have been proposed to be affected by an in-
teraction of subjective value of outcomes and choice
(Dayan and Daw, 2008; Salem-Garcia et al., 2023).

Here, we compare the incentive effect on free versus
observed decisions in a human behavioral experiment,
and conclude that the incentive effect does not require
a self-made choice, though it is exacerbated by it.
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Figure 1: Experiment details and behavioral results. A.
Task design. B. Confidence ratings over stimulus coher-
ence, correctness, and incentive. C. Regression coeffi-
cients for formula con fidence ~ coherence : correct +
coherence : error + 1 (By:intercept, betacorr: slope
over coherence for correct choices, Sgrr: slope over
coherence for error choices). Incentive effects on the
coefficients are reported when significant (8y).

Methods and Results

Experiment In a perceptual categorization task, 200
participants repeatedly saw clouds of moving dots on
a screen, made or observed decisions about the gen-
eral motion direction, and rated their confidence in the
decision being correct (Figure 1 A. Within-participants,
we varied the potential outcomes: depending on the
trial, participant could earn £ 1 (gain condition), noth-
ing (neutral condition) or avoid losing £ 1 (loss con-
dition) for an accurate confidence judgment, (see Le-
breton et al., 2018, for a similar design). This was
shown after the choice, and before the probability rating.
Between-participants, we varied the agency of the deci-
sions: 100 participants made the decisions (Free condi-
tion) and 100 participants observed decisions made by
the computer (Observed condition).The observed deci-
sions were taken based on the average performance of
participants in a pilot study. In both conditions, partic-
ipants were informed that the average expected accu-
racy of decisions was 75%.

Models We consider an actor-and-observer Signal
Detection Theory model, which takes two perceptual
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Figure 2: A.Model of choice and confidence. B.Effects
of actor-centric and observer-centric biases on evi-
dence used for confidence (v, values of 0.5, 1, and
1.5 for -1,0,and +1 £ incentives respectively). C. Pre-
dicted incentive effects of actor- and observer-centric
biases in the different conditions on confidence pat-
tern across stimulus coherence and choice correctness.
Line plots show simulation behavior, and bar plots the
coefficients (5y:intercept, betacorr: slope over coher-
ence for correct choices, Sggrr: slope over coherence
for error choices)



samples of noisy evidence about the direction of mo-
tion that we call X,.; and X,,. In free choices these
are identical, and in observed choices, they are inde-
pendent. Actor and observer make choices a,.; and
a.ps based on the sign of the evidence, though only the
actor’s choice is expressed.

Confidence is computed based on a combination of
the observer evidence and a bias term:

Xconf = Xobs + UnGx (1)

Where v,, is a parameter quantifying the bias for incen-
tive n, and a. is either a,. Or a.ps for an actor-centric
and observer-centric model respectively. Confidence
is computed as the Bayesian probability of the actor’s
choice being correct given X, ¢ as in Fleming and Daw
(2017). 1

Results In our experimental data, we regressed confi-
dence on coherence separately for each incentive level
and participant. We found incentive value affects con-
fidence independently of coherence (affecting the re-
gression intercept) in both Free and Observed choices.
This effect is smaller in the observed condition (Figure
1 B and C). In model simulations, we found that only
an actor-centric bias predicts an intercept effect in both
conditions (Figure 2 C). We also wondered whether the
smaller incentive effect in observed choices could be
due to structural features of confidence in free vs ob-
served decisions (e.g. higher variance in observed).
However, the model predicts a similar magnitude of
effect, suggesting the difference may be due to an
agency-driven cognitive bias.

Conclusions

We showed that incentive bias in confidence persists
in the absence of free choice, validating an actor-
centric model of bias (incentives affect evidence to-
wards actual choice, regardless of agency) and falsify-
ing an observer-centric bias (incentives affect evidence
towards a covert choice).We also show that this bias is
attenuated in observed choices. We suggest the inter-
pretation that the incentive bias emerges from directed
attention to a specific option, but that self-made choice
engages this attentional effect more effectively than ex-
ternally provided cues.
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