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Abstract
Computational models of human decision making sug-
gest that visual attention influences evidence accumula-
tion from choice options, with non-fixated peripheral op-
tions being downweighted relative to the fixated option
via a constant parameter. Such models negate the possi-
bility that levels of covert attention might change across
the course of a decision, shaped by information gather-
ing and options encountered. We explicitly test how at-
tention is allocated beyond gaze (i.e., covert attention)
during value-guided choice using a probe-detection task.
Participants (N = 31) completed a choice task, with si-
multaneous eyetracking recording, where they chose be-
tween differently valued patches to earn rewards. During
each trial, probe letters were flashed briefly onscreen at
each patch location, and probe report accuracy at each
location was used as a measure of attentional deploy-
ment. Results showed that covert attention at peripheral
locations was modulated by decision-relevant variables
– such as their decision-relevance and relative value –
and has downstream consequences for fixation-related
choice biases. These findings indicate that attention to
peripheral options is flexible rather than fixed.
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Introduction
How do we make decisions when faced with different options?
Sequential sampling models posit that agents accumulate ev-
idence for each choice option until a decision threshold is
reached. Recent such models incorporate overt gaze as a
proxy for visual attention; one particularly influential model
is the attentional drift diffusion model (aDDM) and its exten-
sions (Krajbich, Armel, & Rangel, 2010; Krajbich & Rangel,
2011; Yang & Krajbich, 2023), which propose that gaze deter-
mines evidence accumulated, such that non-fixated options
are attentionally downweighted via a fixed decay parameter.
Although these models have been useful for explaining choice
and reaction time data, they draw an equivalence between fix-
ation and visual attention. Contrary to this equivalence, work
from animal (Cavanagh et al., 2019) and human (Perkovic et
al., 2023) decision-making have suggested that covert atten-
tion beyond gaze may affect choice behavior.

Does covert attention to peripheral choice options merely
involve constant attentional discounting? If not, how might
covert attention be allocated during the decision process?
To address these questions, we use a probe-detection task
(Gaspelin, Leonard, & Luck, 2015; Dugué et al., 2015) to ex-
amine attentional allocation beyond overt gaze during value-

guided decision-making. Our results showed that covert at-
tentional allocation at peripheral locations is flexibly modu-
lated by decision-relevant variables and has downstream con-
sequences for attenuating fixation-related choice biases.

Experiment
Participants (N = 31, Mage = 23.6 years, 15 male, 16 female)
completed a value-guided choice task which involved a sec-
ondary probe-detection task (Figure 1).

In this task, participants repeatedly chose between patches
filled with colored dots (orange and cyan) that indicated the
value of each option. One color was designated as the tar-
get color (counterbalanced between participants). Choosing
the more valuable option (that is, the option that contained
a higher proportion of target color dots) in each trial earned
the participant gemstones, which determined their bonus pay-
ment (maximum £1.50).

On each trial, three patches were presented; two patches
(relevant options) were filled with 100 colored dots each, and
one patch was not filled with colored dots (irrelevant option;
serving as the control location). Following 220 ms of looking
at their first- or second-sampled option (counterbalanced be-
tween trials), participants were briefly presented with probe
letters for 150 ms at each of the three patch locations (Figure
1e). The trial continued on as normal after probe presenta-
tion. Once participants selected a patch, they were asked to
report the probe letters they detected (Figure 1f). Letter report
accuracy did not affect trial reward outcome.

Figure 1. Participants completed a free-viewing value-guided
choice task which involved a secondary probe-detection task.
Figure depicts an example trial; see main text for details.

The visibility of the peripheral (unfixated) option (visible or
hidden; see Figure 1c versus 1d) was varied between blocks



within subjects, in a replication of the design used by Eum,
Dolbier, and Rangel (2023). On visible trials, the contents of
the decision-relevant patches remained onscreen regardless
of which patch was currently fixated. On hidden trials, patch
contents were gaze-contingent, such that only the content of
the currently fixated decision-relevant patch was visible. To al-
low us to examine the effect of an option’s relative value on the
amount of covert attention allocated to it, we also varied the
value difference (i.e., difference in proportion of target dots; 2
to 20%) between the two relevant options on each trial.

Participants completed two practice blocks of 20 trials with
only the primary choice task (i.e., Figure 1 without compo-
nents e and f), followed by two practice blocks of 20 trials
which contained regular trials (as illustrated in Figure 1), fol-
lowed by the main experiment which consisted of eight blocks
of 40 regular trials (320 trials total).

Results
First, we found that covert attention at peripheral locations
was modulated by the locations’ choice-relevance. Partici-
pants were more likely to correctly detect probe letters that ap-
peared at the choice-relevant unfixated option – as well as at
the fixated option – relative to the unfixated choice-irrelevant
option (Figure 2). Generalized linear mixed effects models
(GLMM) with random subject intercepts showed that these
main effects of probe location type and peripheral option visi-
bility condition were significant regardless of probe timing (all
p < .001). Controlling for the distance between the probe-
letter and gaze location additionally revealed that less atten-
tion was allocated to peripheral options when they were not
visible (significant visibility x probe location interaction for both
probe timings, p < .016). Together, these results suggest that
participants are covertly attending to the unfixated (relevant)
location more than the third, irrelevant location.

Figure 2. Probe report accuracy was affected by location
choice-relevance and unfixated option visibility.

Second, we found that covert attention at a peripheral op-
tion was modulated by its relative value (i.e., difference in pro-
portion of target-color dots relative to the fixated option). The

Figure 3. As the value (i.e., proportion of target-colored dots)
of the unfixated option increased relative to the fixated option,
people became more accurate at detecting the probe at that
unfixated option.

likelihood of correct probe-letter report for the relevant un-
fixated option increased, as that option’s relative value com-
pared to the fixated option increased (Figure 3). This value
modulation effect was significant (GLMMs with subject ran-
dom intercepts; p < .001) and persisted (p <.001) in follow-up
analyses controlling for distance between the probe-letter and
gaze location. This finding suggests that attentional weighting
to peripheral options is sensitive to relative value.

Third, we found that covert attention had downstream con-
sequences for choice behavior. Replicating previous work
(Krajbich et al., 2010), we found a choice bias towards the last-
fixated option (and hence, against the last-unfixated option),
whereby people were less likely to choose an option that they
were not fixating on at the time of choice, even controlling for
relative value (GLMMs with option chosen as outcome; effect
of last-fixated option controlling for relative value p < .001).
Replicating results by Eum et al. (2023), this bias increased
when peripheral visual information was hidden compared to
when it was visible (p < .001). Beyond these replication re-
sults, we found that this choice bias was attenuated when the
probe at the last-peripheral option was correctly detected (p <
.001). This suggests that increased covert attention reduces
the suboptimal choice bias against an unfixated option.

Conclusions

Our findings suggest that covert attention to peripheral op-
tions is flexible and sensitive to decision-relevant variables,
such as the choice-relevance of a peripheral location and
the value of that location relative to the currently-fixated op-
tion. Further, results show that covert attention allocation has
downstream behavioral consequences, including attenuating
fixation-related choice biases. The current study thus high-
lights the need for models of decision-making to consider the
role of attention beyond gaze, and to characterize attentional
weighting as flexible rather than fixed.
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