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Origins of food selectivity in human visual cortex 
Highlights 
Using fMRI, a region of ventral visual 
cortex has been identified as displaying 
preferential responses to food images 
in both natural and isolated contexts. 
These findings begin to resolve previous 
inconsistencies in reporting selective 
visual responses to food. 

Color is likely to be an important visual 
feature contributing to the emergence 
of food selectivity, with color-biased neu-
ral populations tending to overlap with 
food selective populations. 

Cross-modal interactions between visual 
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Several recent studies, enabled by advances in neuroimaging methods and large-
scale datasets, have identified areas in human ventral visual cortex that respond 
more strongly to food images than to images of many other categories, adding 
to our knowledge about the broad network of regions that are responsive to 
food. This finding raises important questions about the evolutionary and develop-
mental origins of a possible food-selective neural population, as well as larger 
questions about the origins of category-selective neural populations more gener-
ally. Here, we propose a framework for how visual properties of food (particularly 
color) and nonvisual signals associated with multimodal reward processing, 
social cognition, and physical interactions with food may, in combination, contrib-
ute to the emergence of food selectivity. We discuss recent research that sheds 
light on each of these factors, alongside a broader account of category selectivity 
that incorporates both visual feature statistics and behavioral relevance. 
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cortex and areas involved in feeding 
behavior, such as the insula, may 
shape functional processing within food-
selective visual areas. 

Social observation is likely to be an 
important contributor to early learning 
about food, with food and social 
processing potentially interacting in the 
brain. 

Physical affordances of food items recruit 
a set of regions to manipulate food and 
these can further interact with the visual 
processing of food.
Visual cortex regions selective for food 
Visually identifying nutritious and safe foods is critical to our survival. Yet, despite the ecological 
importance of food, decades of research on human higher visual cortex, which led to the discov-
ery of areas selective for faces, places, bodies, tools, and words (Figure 1A) [1–6], failed to identify 
neural populations with selectivity for food (Box 1). While previous neuroimaging research has 
observed food-related responses in the visual cortex, such responses were typically attributed 
to the motivational saliency of food, rather than to selectivity for food as a visual stimulus [7]. 
Recently, however, three groups independently reported the existence of ventral stream regions 
that respond preferentially to natural scenes containing food [8–10] (see also [11], Figure 1 and 
Box 2). These convergent studies were facilitated by a large-scale fMRI dataset, the Natural 
Scenes Dataset (NSD ; [12]). Validating these reports, one group reproduced the identified pat-
tern of food selectivity in an independent, hypothesis-driven fMRI study with new stimulus images 
and a new population of participants [8]. As further support, a recent study used an unbiased dif-
fusion model to similarly demonstrate a preference for food images for these regions of the ventral 
stream [13]. By generating images that maximized responses in previously identified food-
selective voxels, the study produced plausible images resembling food. This finding strengthens 
the interpretation of these voxels as selectively responsive to food-related visual stimuli.

The specific factors that drive ventral responses to food images are not yet well understood [14]. In 
particular, there is currently no clear account for how, either evolutionarily or developmentally, food-
selective populations might arise and come to be situated in these particular cortical areas. In contrast 
to visual categories such as faces, bodies, and words, which each have a great deal of consistency in 
their low-level visual features and/or relationship to the spatial visual field [15], the appearance of food 
is highly variable [16,17]. Due to this variability, nonvisual properties related to the behavioral relevance 
of food may play a particularly important role in driving the emergence of food selectivity. 

In this article, we focus on possible contributions of both visual factors and nonvisual factors to 
the emergence of food selectivity in the visual cortex. First, we assess evidence for a role for
Trends in Neurosciences, February 2025, Vol. 48, No. 2 https://doi.org/10.1016/j.tins.2024.12.001 113 
© 2024 Elsevier Ltd. All rights are reserved, including those for text and data mining, AI training, and similar technologies. 

https://orcid.org/0000-0001-8545-2062
move_f0005
http://crossmark.crossref.org/dialog/?doi=10.1016/j.tins.2024.12.001&domain=pdf
https://doi.org/10.1016/j.tins.2024.12.001


Trends in Neurosciences

L R

<2  3 4 5 6 7

Number of subjects with 

<2  3 4 5

Number of subjects with 

L R

L R

L R

L R 

(C) EBAEBA EBAEBAOFA
OFA

FFA

FFA PPA PPA

VWFAVWFA Ventral 
food-selective 

regions 

Top images for ventral food-selective regions (NSD) 

Example stimuli from food localizer task  

S1 

S2 

(A) 

(B) 

TrendsTrends inin NeurosciencesNeurosciences

Figure 1. Cortical areas where food selectivity has been observed in recent fMRI studies. (A) Voxels showing
selective responses to food-containing natural scene images [8], estimated using data from the Natural Scenes Datase
(NSD) [12] and a generalized linear model. Values are shown on a partially inflated standard surface (Montreal Neurologica
Institute; MNI) and reflect the number of participants in which a contrast between food and other categories yielded a
significant t -statistic. The images shown (bottom right of panel) are the top ten images associated with highest activation
in the food-selective regions within ventral visual cortex (shown for two example NSD participants). It can be observed tha
these images all depict food, in a range of natural contexts. Adapted from [8]. (B) Results of an independent localize
experiment that identifies food-selective voxels in ventral visual cortex, validating the data-driven result in (A) [8]. A visua
category localizer [78] was adapted to presented grayscale images of food along with other standard categories (faces
houses), on a phase-scrambled noise background to participants. Values are shown on a partially inflated surface as
in (A) and depict the number of participants in which a contrast between food and other categories yielded a
significant t -statistic. Adapted from [8]. (C) Average locations of category-selective regions in ventral visual cortex

(Figure legend continued at the bottom of the next page.
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Box 1. The enigma of visual food preferences 

While food has been a long-standing domain of neuroscience inquiry [49,79], food selectivity has not been consistently 
reported within visual neuroscience. Researchers used food images in paradigms similar to those used to identify selec-
tivity for faces, places, bodies, tools, and words, but reported not finding visual food selectivity [80]. This may be surprising 
given multiple reports of visual responses to food [7,16,33,34,46,49,50,79]. Here we briefly outline our perspective on why 
visual neuroscience research often dismissed or failed to report food selective visual areas. 

When visual food responses were observed, they have typically been attributed to other properties such as saliency, rather 
than to food as a visual category. For instance, food responses in left fusiform visual cortex, comparable in magnitude with 
those for faces, were interpreted as being due to the reward value of food and not to its visual properties [7]. Similarly, 
higher responses to food images were interpreted as a consequence of increased attention to food in hungry participants 
rather than to any specialization of visual cortex [49,79]. More generally, in contrast to faces, bodies, and places, the visual 
appearance of food as ecologically critical has not been a preferred explanation. Instead, visual food responses have been 
assumed to reflect ecologically important low-level or nonvisual properties of food. 

Failures to report food selectivity may also have been compounded by standard fMRI methodologies which often identify re-
sponsive regions by averaging across individuals: responses to one category are compared with others , and data from individ-
ual statistical maps are combined. Aggregating across participants rests on the assumption of good spatial overlap across 
individuals. By contrast, other approaches, including those leveraging large-scale neuroimaging datasets [11,12,81,82], allow 
for analyses to be performed at the single-participant level, which can be particularly critical for identifying regions with variable 
locations [83,84]. Aggregating across participants was identified as a likely explanation [8] for why previous work did not find ro-
bust visual food selectivity [7], as food areas showed greater spatial variability among participants than other category-selective 
regions. 

Recent reports of food selectivity [8–10] may be attributed, in part, to a ‘cultural’ shift in cognitive neuroscience [11], char-
acterized by at least four methodological advances: larger-scale datasets using natural scenes [11,12,81,82]; better data 
processing pipelines [85]; innovation in predictive modeling [86,87]; and individual level analyses with greater sensitivity. 
low- and mid-level visual features (particularly color) that may be informative for food-related 
tasks. Second, we evaluate the possible contributions of three key nonvisual factors: a brain net-
work related to eating and reward, of which visual food responses are but one component; social 
contexts that may influence the acquisition of visual food selectivity during development; and the 
functional affordances arising from interactions with food (e.g., grasp or substance).

We propose a theoretical framework in which visual food selectivity emerges and is maintained 
through the interactions of these visual and nonvisual factors. Our proposal is in line with perspec-
tives emphasizing the role of higher visual cortex within wider brain networks that support ecolog-
ically critical behaviors [18–23]. Here, we apply the same framework to the category of food, as 
has been done previously with categories such as words [24] or faces [25]. We suggest that 
food-selective visual regions, like areas selective for other categories, are shaped by connectivity 
to domain-relevant systems [25–30]. In this context, the category of food provides an informative 
case study for how visual properties interact with behaviorally-relevant signals from nonvisual 
sources as part of ecologically critical processing networks. 

Do visual feature statistics contribute to food selectivity? 
Due to the topographic organization of the visual cortex, food selectivity may arise as a result of 
spatially clustered neuronal populations encoding visual features that are statistically more likely 
to be found in food images. While these features may vary with food category, subgroups of fea-
tures may support tasks such as food/edibility detection or discrimination among different foods
identified using the localizer task in (B) [8]. Regions were delimited by considering voxels for which the respective contras
is significant for a majority of the participants and are shown on an inflated MNI surface. The newly observed ‘food-
selective’ regions are shown in red. For comparison, we also include regions previously established as selective fo
faces, (occipital face area, OFA; fusiform face area, FFA), human bodies, (extrastriate body area, EBA), places
(parahippocampal place area, PPA), and words (visual word form area, VWFA). Created using the results from [8].
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Box 2. Is food selectivity dependent on natural contexts? 

Some evidence suggests visual cortex responses to food images may be dependent on the context in which food is pre-
sented. Namely, while naturally contextualized food images within natural scenes were reported to elicit responses in the dorsal 
visual stream and the insular cortex (‘taste cortex’) as well as in ventral areas, context-free food images only elicited responses 
in ventral areas [8] (compare Figure 1A and  1B in the main text). One explanation for this observation is that natural context may 
better invoke the multimodal experience of interacting with food, compared with isolated objects on simple backgrounds. That 
is, decontextualized food images, because of the absence of ‘extrafood’ information, might not engage the entire network of 
neural processes in play during everyday food perception. This effect could lead to stronger interactions between visual cortex 
and other brain regions, including the insula and dorsal visual stream, when viewing food images in natural context. 

With this perspective in mind, we note that all three recent studies identifying food selectivity in visual cortex relied on a com-
mon dataset collected using natural scene images taken from the COCO dataset [88]. Thus, it is possible that food selectivity 
itself is more likely to be observed when food appears in natural contexts. Indeed, a recent experiment has failed to find a 
selective response in ventral visual cortex for ‘cutouts’ of food imagesi . This possibility suggests that some prior studies of 
category selectivity may have failed to observe selectivity for food because they relied on images of isolated objects on simple 
backgrounds [1–6] rather than objects embedded in natural scenes. At the same time, food representations in the adult brain 
do appear to persist in the absence of contextual information, as food selectivity can be observed using images that either 
omit or do not include context, color, or grasp affordances [7,8,14]. One possibility is that placing food in appropriate con-
texts may better recruit the broader multimodal food network, leading to increased signal in food-selective visual areas via 
feedback connections, and thus increasing the likelihood that food selectivity can be detected with neuroimaging techniques. 
on the basis of taste, freshness, nutritional benefit, or level of processing [31]. Across evolution and 
development, the visual feature statistics of food may plausibly interact with feature-biased neural 
populations, ultimately influencing the neural localization of food selectivity in the adult brain [32]. 
This sensory-based visual account predicts a functional and/or anatomical association between 
high-level responses to food and lower-level visual responses to food-associated features. To be 
clear, this account does not imply that visual food selectivity is exclusively a consequence of the 
statistical structure of visual inputs. Rather, statistical regularities in low-level visual features may ac-
count for a portion of food-related visual responses in the adult brain. Visual features may also play 
a more critical role during development when children are learning which natural objects are edible 
and which foods are associated with their culture and geographical location. 

Consistent with this account, an extensive behavioral literature has shown that low- and mid-level 
visual properties influence observers’ judgments of food. Features such as shape, size, texture, 
variety, and color are associated with taste categories as well as human food preferences and the 
consumption of food products [33,34]. Among these visual properties, color appears to be particu-
larly important. For example, color facilitates the rapid detection of food during visual search [35] and  
when identifying food, adults and young children (but possibly not infants) prioritize information about 
substance, such as color, over other properties [36,37], a phenomenon first observed in macaques 
[38]. Further supporting a link between color and food perception, men that self-reported as color 
blind on an online crowd-sourcing platform indicate lower aversion to novel foods as compared 
with men that self-reported as having normal color vision [39] and  findings from another study sug-
gest that observers rely on color as a cue to the calorie content of food, with redder foods tending to 
be judged as higher in energy than greener foods [40]. The importance of color in signaling edibility 
also appears central to the eating behavior of non-human primates, where it has been hypothesized 
that trichromatic color vision was evolutionary selected for based in part on the usefulness of color in 
estimating the ripeness of fruits [41], although recent work has provided mixed support for this 
theory [42]. More broadly, according to one hypothesis, color serves as a ‘trainable system’ that 
facilitates rapid recognition of behaviorally-relevant object categories [43,44]. 

Neuroimaging results also implicate color in learning about and detecting food. Notably, preferential 
responses to food images in the human brain have been observed to overlap with color-sensitive 
patches previously identified in humans and macaques [10,45]. One possibility is that this overlap
116 Trends in Neurosciences, February 2025, Vol. 48, No. 2
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reflects an association between warm, saturated hues and the presence of food. However, a more 
detailed analysis revealed that color saturation and warmth are encoded independently of food 
[10], consistent with color metrics only accounting for a portion (sic) of the response variance in 
food-selective visual areas [9]. Further demonstrating independence between food and color, an 
independent localizer task revealed that food-selective regions are also identifiable using 
decontextualized, grayscale images [8] (further work is necessary to better understand responses 
to decontextualized foodi ). Thus, although color does not appear to be a prerequisite for food-
selective visual responses, color may contribute to inferences about substance or material. Consis-
tent with this view, it has been hypothesized that the left medial fusiform gyrus (collateral sulcus), 
which is roughly the same region of visual cortex that has been identified as sensitive to both 
color [45] and food [8–10], encodes features related to surface texture and material [27]. 

Other neuroimaging evidence suggests the role of color in food perception is restricted to partic-
ular tasks or contexts. Food-selective responses in visual areas were observed during a color 
estimation task, but not during an edibility estimation task [46]. Additional studies suggest a sec-
ondary role for color in food perception. Individual differences in domain-specific food recognition 
abilities were identified in the absence of color [39], and while differences have been identified in 
magnetoencephalographic (MEG) responses to food and non-food images, these responses 
were not discriminable on the basis of low-level visual features, including color [47]. Relatedly, a 
recent fMRI study showed that multivariate food representations could not be accounted for by 
low-level visual propertiesii . 

In toto, visual properties such as color or texture may  play  a role in the emergence of food
selectivity and the perception of food (Figure 2). However, associations between food and 
sensory-based visual properties appear to be insufficient to fully account for the emergence of 
food-selective neural populations during evolution or development [19]. Thus, we next turn to 
the potential contributions of nonvisual factors.

A multimodal reward network for food processing 
Food engages taste, smell, touch, and sight, making it a uniquely multisensory stimulus. Food 
consumption also provides immediate reward signals related to flavor, nutritional content, and 
hunger reduction. In this context, the visual areas with preferential responses to food may be 
part of a larger functional network related to eating. Within this network, the visual, gustatory, 
and olfactory properties of food are primarily processed by the visual cortex, the insula, and the 
piriform cortex, respectively [48]. In addition, the orbitofrontal cortex (OFC) and insula contribute 
to the multimodal integration of taste information with other sensory modalities [16,49,50], while 
the amygdala and striatum are involved in integrating sensory properties of food with internal 
states such as hunger, attention, and reward [49,51,52]. 

The participation of the food-selective visual areas in a larger network may be mediated by links 
to these food-associated nonvisual brain regions through long-range neural connectivity. For 
example, there are anatomical and functional connections between the higher visual cortex and 
regions involved in the processing of reward and taste, including the insula [53] and  OFC [54]. 
Underscoring a possible functional role of these long-range connections, in individuals with obe-
sity, greater connectivity is found between the midbrain ventral tegmental area and a ventral 
region overlapping with food-selective visual areas, compared with participants without obesity 
[55]. Furthermore, the posterior insula, which has been shown to respond to food images with 
a magnitude inversely proportional to peripheral blood glucose level [56], is more strongly con-
nected in human neonates to the medial portion of the ventral visual cortex than the lateral portion 
[57]. The boundary between the medial and lateral areas of visual cortex roughly corresponds to
Trends in Neurosciences, February 2025, Vol. 48, No. 2 117
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Figure 2. Proposed theory of how visual and nonvisual factors may have contributed – over evolutionary and/or 
developmental time – to the emergence of food category selectivity in ventral visual cortex. We argue that both the 
shared visual properties of food inputs (red), as well as signals from areas involved in reward, multi-modal processing, social 
cognition, and grasp/action (blue) may be contributors to the observed phenomenon of food selectivity in ventral visual cortex 
(purple). This model provides several predictions that can be empirically tested in future work. See [10,43], [50,52], [68,69], [75,76].
the mid-fusiform sulcus, which has been identified as a dividing line between category-selective 
regions [29]. This anatomically-based connectivity aligns well with the neuroanatomical locations 
of the recently identified visual food-selective regions, with the more medial region falling just to 
the medial side of this sulcus [8–10]. 

Given the existence of long-range connections between visual and nonvisual areas of the brain, 
the functional properties of food-selective visual areas may be influenced by nonvisual signals 
from other brain areas participating in a larger food network. Supporting this possibility, visual 
responses to food in the fusiform gyrus are modulated by hunger state and hunger-related 
hormones [58–60]. Additionally, the fusiform gyrus may be involved in estimating the energy 
content of food [61] and in reinforcement learning of visual-taste associations [62]. Multimodal 
interactions within a larger food network are also evident in the activation of the insula, an area 
associated with taste processing, when people view food images [16]. Interestingly, these 
image-evoked insula responses differentiate between stimuli on the basis of taste [50,63], sug-
gesting experiencing a food stimulus in one modality leads to automatic retrieval of its properties 
from other modalities [50,63]. 

We propose that long-range connectivity between visual and nonvisual brain areas involved in 
eating behaviors may act as a constraint on the development of food-selective visual regions 
(see also [19]). More specifically, this innate connectivity instantiates a developmental bias that
118 Trends in Neurosciences, February 2025, Vol. 48, No. 2
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interacts with incoming visual information to influence where preferential visual responses to food 
emerge. This proposal aligns with existing theories on other category-selective brain areas, such 
as those for tools or words [24,26,30]. Under this view, visual food selectivity may be 
bootstrapped by the formation of associations between food-relevant visual and nonvisual repre-
sentations (e.g., social cueing, taste, motor interactions with food for eating), as well as signals 
from other sensory modalities (gustatory and olfactory). At the same time, nonvisual 
connectivity does not appear to be sufficient to elicit food selectivity within visual cortex. In partic-
ular, congenitally blind individuals (who experience normal taste and reward for food) do not 
show neural responses in visual cortex during taste processing [64]. This finding contrasts with 
observations made in haptic, auditory, and olfactory tasks, and raises intriguing questions 
about the relative importance of visual cortex connectivity across different sensory modalities 
(see Outstanding questions). 

Social cues bootstrap the visual representation of food 
The high variability of food appearance presents a challenge to the child learner. Failures to identify 
dangerous foods, foods of low nutritional value, or inedible objects may have serious consequences. 
Because adults have already acquired both food safety and nutrition knowledge, early food-related 
knowledge may come from social observation in both passive  and active forms  [65,66], as well as 
from explicit language and action instruction during social interactions. Indeed, it has been long ob-
served that food labels can interact with people’s enjoyment and appraisal of foods by acting as 
cues that create expectations of taste, which can be relevant when learning about new foods or 
foods that are visually ambiguous [67]. Thus, the proposed multimodal network for food processing 
may incorporate interactions with the social processing network in the brain, including areas in the 
superior temporal sulcus (STC) and medial frontal cortex (MFC) [68,69]. 

Studies show that infants process food images differently than young children and adults, provid-
ing some evidence for a developmental timecourse in the formation of food representations: in 
preferential looking tasks, adults tend to prioritize substance-related properties, such as color, 
over functional properties, such as shape, when reasoning about food; in contrast, infants do 
not appear to make this distinction [37,65]. These results suggest that infants may lack a pre-
existing mechanism for generically detecting food, instead relying on social observation, social 
guidance, and social cues. This early dependence on social cues to detect appropriate nutrition 
does not pose a threat to survival – human infants are altricial and therefore not responsible for 
selecting their own food sources [65,66]. Consistent with this point, infants appear to reason 
socially about food, inferring shared food preferences among adults who socially affiliate with 
one another and who share a common language [66]. Similarly, adults modeling eating a specific 
food item increase the acceptance of this item by infants and young children [70,71]. Social learn-
ing about food sources has also been documented in non-human primates and rodents [72]. The 
strong association between food perception and social behaviors extends in the other direction 
as well: infants infer close relationships between people who share food [73]. 

An interaction between the food and social domains is also suggested by the recent finding 
that food-selective regions are adjacent to a region that is involved in face processing [8–10]. 
Although these food and face areas are mostly nonoverlapping and likely subsume distinct 
cytoarchitectonic portions of the fusiform gyrus [29], their adjacency may nevertheless suggest 
a localized functional connection or local ‘computation constraint’ [19], as the nearby areas 
may plausibly influence each other’s representations. Supporting the proposal that this food/ 
face adjacency is functional, a principal components analysis across the ventral food-selective 
regions revealed a dominant component capturing the presence of human figures in images con-
current with food [8]. This component, projected on the brain, reveals a spatial gradient across
Trends in Neurosciences, February 2025, Vol. 48, No. 2 119
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food regions, suggesting a smooth transition between areas with sensitivity to only food to areas 
with sensitivity to social scenes of food, consistent with previous suggestions that semantic se-
lectivity varies smoothly [74]. Functionally, proximity between food- and face-selective areas 
may enable the food regions to encode mixtures of food and social information [9]. Other work 
using the same fMRI dataset, but with different analysis methods, found associations between 
the representation of food and socially important stimuli including faces and bodies [22]. Repre-
sentational overlap of this kind may serve to integrate visual and social properties of food, facilitat-
ing both online inferences and mechanisms for learning about food from social cues. One 
important open question is whether long-range connectivity to areas like STC and MFC may 
constitute additional computational constraints on these overlapping representations of food 
and social information in visual cortex (see Outstanding questions) and how this mechanism 
may relate to the emergence of face-selective cortical areas [25]. 

Physical interactions with food facilitate its representation 
Many foods are associated with specific actions, such as carefully grasping an ice cream cone or 
twirling spaghetti around a fork. While the nature of these associated actions can vary widely 
across individual foods, and even across cultures, information related to food affordances may 
nonetheless exert a strong influence on how key food visual properties such as size, shape, or 
material properties are represented in the visual system. In this regard, food bears a high-level 
similarity to another category of objects whose visual processing has been more extensively stud-
ied: tools. Like food, tools are a category with high visual variability, whose similarity is defined 
primarily based on function and shared affordance properties. 

A leading current hypothesis is that visual tool selectivity arises due to connectivity between dor-
sal pathway computations involved in grasp and ventral pathway computations related to visual 
properties that influence grasp [30,75,76]. Supporting this claim, patients with parietal lesions 
showed reduced responses to tool images in the fusiform gyrus [27]. However, the same patients 
did not show reduced responses to place images, indicating that there is not a generic effect 
of parietal lesions impacting ventral processing. That is, the interactions between visual and non-
visual systems can be limited to a specific class depending on the information content that 
is shared [27]. Extending this idea to food, there is some evidence that graspable foods 
(i.e., banana, hamburger) , and tools recruit similar patterns of responses of visual cortex [14]. 
Thus, one possible source of ‘downstream’ connectivity driving visual representations of food 
may be dorsally-mediated information about how foods are prepared or eaten. 

Commonalities between the neural responses to images of tools and images of food might 
appear to offer an alternative explanation to ‘ecological importance’ for why food selectivity is 
observed in visual cortex [14]. However, the ecological importance of category selectivity is not 
an explanation in and of itself; rather it is a high-level constraint that helps understand why such 
selectivity (and connectivity) exists in the first place. Any complete theory of a functionally-
defined system in the brain requires accounts of its origins (e.g., how functionality was acquired 
over evolution or during development) and its computations (e.g., the nature of the representa-
tions and processes over them). The framework proposed here provides an initial step toward 
such a theory, with action-related representations as one of many contributing factors. 

Other lines of evidence suggest that action-related information may not fully account for food-
selective visual cortex responses. In the aforementioned study [14], the pattern of neural 
responses arising from images of tools does not encompass the full pattern of regions activated 
in response to graspable foods, which include areas in the insula and OFC. Additionally, an 
account based solely on ‘graspability’ fails to explain the responses of visual cortex to food
120 Trends in Neurosciences, February 2025, Vol. 48, No. 2
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Outstanding questions 
Within ventral food selective areas, are 
representations of different food sub-
categories organized topographically, 
or are they spatially intermingled? 

What are the key dimensions that 
organize the food representational 
space in the brain, and how do these 
relate to perceptual and conceptual 
similarity? 

How does food selectivity arise despite 
the high visual variability of food, 
particularly across cultures and 
geographical regions? 

How do representations of food differ 
across cultures and depend on which 
foods are eaten (e.g., fish-based 
versus meat-based diets) and how 
they are eaten (using fingers versus 
cutlery)? 

Other than color, what mid-level visual 
properties are most critical for food de-
tection and discrimination, and how 
are they encoded in visual cortex? 

How are the co-occurrence statistics 
of food with related objects, such as 
utensils, dishes, faces, or hands, 
reflected in the representation of food? 

What role does social context play in 
food processing across development? 

How do task goals and physiological 
states related to food (e.g., hunger or 
craving) impact the representation of 
food? 

What is the relationship between food 
and tool representations in visual 
cortex, and why do they partially co-
localize? 

What factors account for the spatial 
variability in the neuroanatomical 
location of food-selective regions 
across individuals? 

How early in development do food 
selective areas arise? How are they 
connected to other regions, and how 
does this connectivity constrain their 
anatomical location? 

Why are two areas in ventral visual 
cortex apparently selective for food 
images, and what role is played by 
each?
images that cannot be grasped. Indeed, the pattern of food-selectivity in ventral visual cortex 
persists even when excluding images where the depicted food was not within ‘reach’ space 
[8], which suggests that affordance information may not be required to activate these areas. Ad-
ditionally, information related to actions may not entirely account for the organization of multivar-
iate food representations in the brainii . Therefore, action-related information may not provide a 
complete account for the emergence of food selectivity, instead interacting with the other factors 
outlined here to give rise to the emergence of food-selective visual areas. 

The conceptual link between food and tool representations makes testable predictions for how 
food representations might be subdivided within visual cortex. For example, within the identified 
food-selective regions, food representations may be organized in part by their associated actions, 
such as a distinction between foods that are directly graspable versus those requiring additional 
objects (e.g., silverware) to manipulate. Another prediction concerns the effects of dorsal stream 
lesions: patients with parietal lesions who show reduced responses to tool images might likewise 
show reduced responses to food images, and such effects may vary between foods depending 
on their associated actions. 

Concluding remarks and future perspectives 
We endorse a unified framework to reconcile the visual and nonvisual accounts of the hypothe-
sized food selectivity in ventral visual cortex. In this framework, visual properties such as color, 
nonvisual food properties such as reward value, taste, or grasp, and social cues interact both 
evolutionarily and developmentally to support the emergence of visual food selectivity. Within 
this model, sensory-based, visual constraints may be realized as a warm color bias in the regions 
of the visual cortex where food-selective areas eventually develop; these color-biased regions 
provide a form of scaffolding that enables more efficient acquisition of behaviorally relevant object 
representations [43]. However , nonvisual constraints, such as the reward value of food [52], taste 
[50], hunger state [77], or physical interactions [14], impact visual cortical representations via con-
nectivity between different neural systems [30]. Food representations and processing may also 
be impacted early in development through social signals that serve to modulate these circuits, 
thus providing further information on how to identify and select food based on associated visual 
properties [65,66]. In summary, food selectivity appears to emerge through a confluence of visual 
and nonvisual factors that include the importance of color for detecting and reasoning about food, 
the behavioral relevance of food as a rewarding stimulus, the physical manner in which we pre-
pare and eat particular foods, and the tight link between food and social contexts. This model ac-
counts for a wide range of phenomena and raises many unresolved questions that offer 
promising avenues for future research (see Outstanding questions). More broadly, the model pro-
vides a case study for how sensory-based visual inputs and, through connectivity, nonvisual 
behaviorally-relevant signals jointly constrain the emergence and the organization of ecologically 
important processing systems in the human visual cortex. 
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