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Coexistence of sensory qualities and value representations in
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Decision making is a cognitive process in which multidimensional information
must be integrated. For example, when people decide what to eat at a restaurant, they
infer gustatory experience from the photos and descriptions on the menu while
considering their current metabolic state (i.e., satiated or hungry). Even if the dessert
options themselves are identical, inferred gustatory experiences are not the same at the
time of the first course as when dessert is ordered, suggesting that the inferred sensory
qualities and identity can be dissociated under certain conditions. By integrating such
information, an individual estimates the value of each option in deciding what to eat.
The orbitofrontal cortex (OFC) integrates sensory and visceral information, providing
a basis for such decision-making. A growing body of research has shown that the OFC
encodes the predicted outcomes that follow either sensory events or behavioral choices.
In particular, abundant evidence exists on the role of the OFC in reinforcer devaluation
tasks, which assess the ability to represent identity, sensory qualities, and subjective
values of the expected outcomes. However, it remains unclear which aspect is
specifically represented in this region.

To investigate whether the human OFC represents object identity, sensory
qualities, or value, | conducted human functional magnetic resonance imaging (fMRI)
experiments. Twenty-four healthy male adults completed four fMRI sessions in 2 days.
Before and after the meal, the same fMRI experiments were conducted, and this was
repeated on day 2. A total of 128 food photos were presented during the fMRI sessions.
Participants were instructed to determine their rating for palatability of the food during
the presentation of each photo. Employing many items enabled me to dissociate object
identity from sensory qualities and values, while the inferred sensory qualities of the
identical objects were manipulated by a change in the metabolic state.

The palatability of the food items decreased significantly after a meal. To
investigate the composite representations of the visual food item, | applied the

representational similarity analysis (RSA) to the fMRI data. First, we investigated



which brain region contributed to identical object representations and its association
with the metabolic state change. To this end, the representational similarity metrics of
the identical and non-identical object pairs, which were calculated by searchlight
analysis, were averaged separately for pairs of the same metabolic state and different
metabolic states. These metrics were submitted to a group analysis separately for these
two metabolic state pairs. I found that identical items were represented similarly in the
lateral OFC (IOFC) in a given metabolic state; however, these representations were
altered by feeding. This result indicated that the representations in the 10FC do not
reflect pure visual features, but rather the sensory qualities of the expected outcome,
which are adaptively altered, reflecting changes in the metabolic states.

Next, because of the possibility that these representations were confounded by
the value representations, we conducted the RSA to investigate representations of the
subjective value. I found that representations of the subjective value were broadly
distributed in both medial and lateral OFCs. These results suggest that to rigorously
estimate the effect of identical object specificity, the effect of value distance must be
analytically dissociated from that of the metabolic change, at least in value-related
regions such as the OFC. Therefore, we investigated the effect of metabolic states on
the representations of identical objects while controlling for the effect of value distance
differences in cross-session pairs. I devised novel method to control for the effect
inspired by age adjustment technique, which is broadly used in the field of epidemiology.
Even after applying the distribution adjustment, we found a significant difference in
identical object specificity between the same and different metabolic states in the IOFC.
Our results clearly show coexistence of sensory qualities and value representations in
human orbitofrontal cortex.

Previous studies suggest that the value of objects is represented in both the
medial and lateral OFCs, whereas more complicated associations that cannot be
explained by value alone are represented in the lateral OFC. Consistent with this, I
replicated the value representations in the medial and lateral OFCs. | further
demonstrated that object-specific features represented in the lateral OFC were not
invariant, but rather, were flexibly altered, reflecting the internal metabolic states. This
study revealed that the OFC represents the inferred perceptual experience linked with
the current internal state, which supports flexible decision-making. These results
support the idea that representations in the OFC have unique flexible functions required
for updating an individual’s moment-to-moment values based on the current internal

state.
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