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Hemispheric asymmetries in visual mental imagery

Visual mental imagery is the faculty whereby we can "visualize" objects that are not in our line of sight. Longstanding evidence dating back over thirty years has shown that unilateral brain lesions, especially in the left temporal lobe, can impair aspects of this ability. Yet, there is currently no attempt to identify analogies between these neuropsychological findings of hemispheric asymmetry and those from other neuroscientific approaches. Here, we present a critical review of the available literature on the hemispheric laterality of visual mental imagery, by looking at cross-method patterns of evidence in the domains of lesion neuropsychology, neuroimaging, and direct cortical stimulation. Results can be summarized under three main axes. First, frontoparietal networks in both hemispheres appear to be associated with visual mental imagery. Second, lateralization patterns emerge in the temporal lobes, with the left inferior temporal lobe being the most common finding in the literature for endogenously generated images, especially, but not exclusively, when orthographic material is used to ignite imagery. Third, an opposite pattern of hemispheric laterality emerges when visual mental images are induced by exogenous stimulation; direct cortical electrical stimulation tends to produce visual imagery experiences predominantly when applied to the right temporal lobe. These patterns of hemispheric asymmetry are difficult to reconcile with the dominant model of visual mental imagery, which emphasizes the implication of early sensory cortices. They suggest instead that visual mental imagery relies on large-scale brain networks, with a crucial participation of high-level visual regions in the temporal lobes.

In the new age (mis)reading of Roger Sperry's work (reviewed by Bartolomeo 2020), the left hemisphere is considered to be the seat of logical, analytic thinking, whereas the right hemisphere would be visual, free, and creative. Such way of thinking naturally suggested a privileged role for the right hemisphere in visual mental imagery. Defined as the capacity to "visualize" things that are not in our direct line of sight, by using our "mind's eye", visual mental imagery can indeed be considered as the most creative among the visual abilities.

Here, we performed a critical review of the available literature on the hemispheric laterality of visual mental imagery, and examined patterns of results in the domains of lesion neuropsychology, neuroimaging, and direct cortical stimulation, by selecting the relevant published literature in English, to the best of our knowledge.

Evidence from patients with acquired brain damage

The detailed study of patients with unilateral brain lesions has traditionally provided crucial causal evidence for neural models of cognitive functions (Bartolomeo 2011,

Indeed, the "new age" view of right hemisphere superiority for visual mental imagery was challenged by subsequent evidence, and a careful consideration of lesion location in patients who developed deficits of visual mental imagery after unilateral strokes led to the discovery of two important patterns. First, contrary to the then prevalent view and to the evidence relative to imaginal neglect, left hemisphere lesions were found to be more likely than right hemisphere damage to impair the generation of visual mental images [START_REF] Farah | The neurological basis of mental imagery: A componential analysis[END_REF]. Farah reported about 12 brain-damaged patients with relatively selective visual mental imagery impairment and reasonably preserved visual perception; their lesions predominantly affected the posterior regions of the left hemisphere. Farah subsequently described consistent evidence in normal participants, by demonstrating a lateral asymmetry of the facilitating effect of mental imagery on visual discrimination; facilitation was especially evident for tachistoscopic stimulus presentation in the right visual field (left hemisphere) [START_REF] Farah | The laterality of mental image generation: a test with normal subjects[END_REF]). Although less directly relevant for hemispheric asymmetries, the description of two patients with bilateral posterior cerebral lesions [START_REF] Levine | Two visual systems in mental imagery: Dissociation of "what" and "where" in imagery disorders due to bilateral posterior cerebral lesions[END_REF] demonstrated dissociated patterns of performance reminiscent of the dorsal/ventral dichotomy in vision [START_REF] Kravitz | The ventral visual pathway: an expanded neural framework for the processing of object quality[END_REF]: a patient with a right temporal / inferior frontal lesion and a smaller left temporo-occipital lesion showed defective description of objects from memory (faces, animals, and colors of objects); another patient, with bilateral parieto-occipital lesions, larger on the left, was impaired in describing spatial relations from memory. The study of two further patients, with surgical resection of the corpus callosum [START_REF] Kosslyn | A computational analysis of mental image generation: evidence from functional dissociations in split-brain patients[END_REF], demonstrated that the left hemisphere in both subjects could inspect imaged patterns and could generate single and multipart images. In contrast, although the right hemisphere could inspect imagined patterns and could generate images of overall shape, it had difficulty in generating multipart images.

The second major contribution from the study of brain-damaged patients confirmed and specified [START_REF] Farah | The laterality of mental image generation: a test with normal subjects[END_REF] discovery of an asymmetry favoring the left hemisphere in image generation, by revealing that visual mental imagery deficits were typically consequent upon extensive damage of the left temporal lobe (review in [START_REF] Bartolomeo | The relationship between visual perception and visual mental imagery: a reappraisal of the neuropsychological evidence[END_REF]. Left temporal lesion location was especially frequent for impaired imagination of object form, size and color, as well as of orthographic material (Bartolomeo et al 2002[START_REF] Moro | Selective deficit of mental visual imagery with intact primary visual cortex and visual perception[END_REF].

A recent case report of a brain-damaged patient [START_REF] Thorudottir | The Architect Who Lost the Ability to Imagine: The Cerebral Basis of Visual Imagery[END_REF] provided more specific evidence on crucial structures for visual mental imagery in the left temporal lobe. After a bilateral stroke in the territory of the posterior cerebral artery, an architect, who before the stroke could easily imagine objects and buildings, spontaneously reported to have become virtually unable to visualize items. He had now to rely on computer-aided design for his work, because he needed to see items that he could previously imagine. The stroke had provoked extensive damage to the right hemisphere, including the occipital pole, the lingual gyrus, the fusiform gyrus and the parahippocampal region. In the left hemisphere, the lesion was smaller and affected only the medial fusiform gyrus and lingual gyrus. The authors compared the location of his lesions with those of other patients with strokes in the same arterial territory, who experienced normal visual mental imagery. The comparison showed that the architect with impaired imagery had selective damage in the right lingual gyrus and in the left posterior medial fusiform gyrus. The left fusiform lesion is highly consistent with the evidence reviewed above, and further specifies the crucial lesion location within the extensive left temporal damage occurring in most patients with visual mental imagery deficits [START_REF] Bartolomeo | The relationship between visual perception and visual mental imagery: a reappraisal of the neuropsychological evidence[END_REF][START_REF] Bartolomeo | The neural correlates of visual mental imagery: an ongoing debate[END_REF]. Starting from the seminal case of visual agnosia described by Lissauer (see [START_REF] Bartolomeo | Visual agnosia and imagery after Lissauer[END_REF], patients with more posterior lesions in the left occipital lobe can instead exhibit well preserved abilities of visual mental imagery [START_REF] Bartolomeo | The relationship between visual perception and visual mental imagery: a reappraisal of the neuropsychological evidence[END_REF].

Possible exceptions to the left temporal locus of lesion are the already mentioned condition of imaginal neglect, and visual mental imagery for faces. Imaginal neglect is likely to result from inadequate exploration of the mental scene as a consequence of right hemisphere damage [START_REF] Bartolomeo | Time to imagine space: a chronometric exploration of representational neglect[END_REF], Bartolomeo & Chokron 2002[START_REF] Bartolomeo | The relationship between visuospatial and representational neglect[END_REF][START_REF] Bourlon | Vocal response times to real and imagined stimuli in spatial neglect: A group study and single-case report[END_REF][START_REF] Bourlon | Seeing and imagining the "same" objects in unilateral neglect[END_REF][START_REF] Rode | Representation and disconnection in imaginal neglect[END_REF], and not, as proposed by Bisiach and Luzzatti in their seminal study [START_REF] Bisiach | Unilateral neglect of representational space[END_REF], by impaired generation of the left portion of the mental scene [START_REF] Bartolomeo | Time to imagine space: a chronometric exploration of representational neglect[END_REF]. That the right hemisphere could inspect visual mental images had already been suggested by the previously mentioned evidence on split-brain patients [START_REF] Kosslyn | A computational analysis of mental image generation: evidence from functional dissociations in split-brain patients[END_REF].

Concerning face imagery, the anatomical evidence is unfortunately scanty. Lesion location in these cases might affect both temporal lobes, with a possible preference for the right temporal cortex [START_REF] Etcoff | Can we lose memories of faces? Content specificity and awareness in a prosopagnosic[END_REF]. Interestingly, a patient who experienced an isolated, vivid face hallucination followed by intense headache was later shown to have developed a hemorrhage in the rostral two-thirds of the right temporal lobe [START_REF] Cohen | Hallucinatory vision of a familiar face following right temporal hemorrhage[END_REF]. In healthy participants, VanRullen and Reddy (2019) were able to decode the identity of imagined faces from the BOLD response of temporal voxels, but not from occipital or frontoparietal voxels. Unfortunately, hemispheric laterality was not assessed in this study.

Thus, the bulk of evidence from brain-damaged patients indicates that left temporal damage is usually present in patients with defective visual mental imagery for object form or color, and for orthographic material.

Evidence from neuroimaging

Results from the past twenty years of functional magnetic resonance imaging (fMRI) studies on endogenous visual mental imagery in healthy individuals have been recently summarized in a meta-analysis [START_REF] Spagna | Visual mental imagery engages the left fusiform gyrus, but not the early visual cortex: A meta-analysis of neuroimaging evidence[END_REF]. A re-examination of the patterns of hemispheric laterality observed in the fMRI literature combined with positron emission tomography studies shows evidence that is consistent with the neuropsychological evidence described above. These findings can be summarized around three main lines. First, consistent activation occurs in left-hemisphere areas, mostly including the temporal lobe, in tasks requiring subjects to endogenously build mental images of the following items: inanimate things (e.g., object, tools) [START_REF] Belardinelli | An fMRI investigation on image generation in different sensory modalities: the influence of vividness[END_REF][START_REF] Handy | Visual imagery and memory: Do retrieval strategies affect what the mind's eye sees?[END_REF][START_REF] Lambert | Neural substrates of animal mental imagery: calcarine sulcus and dorsal pathway involvement-an fMRI study[END_REF][START_REF] Mazard | Neural impact of the semantic content of visual mental images and visual percepts[END_REF], animate items (e.g., animals) [START_REF] Thompson-Schill | A neural basis for category and modality specificity of semantic knowledge[END_REF], concrete objects (D 'Esposito et al 1997[START_REF] Mazard | Neural impact of the semantic content of visual mental images and visual percepts[END_REF][START_REF] Yomogida | Mental visual synthesis is originated in the fronto-temporal network of the left hemisphere[END_REF], single letters [START_REF] Gulyás | Neural networks for internal reading and visual imagery of reading: A PET study[END_REF][START_REF] Stokes | Top-down activation of shape-specific population codes in visual cortex during mental imagery[END_REF], mathematical operations [START_REF] Pyke | When math operations have visuospatial meanings versus purely symbolic definitions: Which solving stages and brain regions are affected?[END_REF], the content of a sentence [START_REF] Belardinelli | An fMRI investigation on image generation in different sensory modalities: the influence of vividness[END_REF], a song [START_REF] Boly | When thoughts become action: an fMRI paradigm to study volitional brain activity in non-communicative brain injured patients[END_REF], or a familiar melody [START_REF] Zvyagintsev | Brain networks underlying mental imagery of auditory and visual information[END_REF], or the ordinal time of historical events [START_REF] Gauthier | Hippocampal Contribution to Ordinal Psychological Time in the Human Brain[END_REF]. Exceptions to this general lefthemisphere pattern are a right inferior temporal lobe activation found for familiar objects [START_REF] Boccia | A penny for your thoughts! Patterns of fMRI activity reveal the content and the spatial topography of visual mental images[END_REF][START_REF] Mellet | Neural correlates of topographic mental exploration: the impact of route versus survey perspective learning[END_REF], and right parietal activation associated with the presentation of a written word [START_REF] Daselaar | Modality-specific and modalityindependent components of the human imagery system[END_REF].

Second, activation of the right inferior temporal lobe was described in tasks requiring to imagine or describe a face, with emotional facial expression [START_REF] Kim | The neural mechanism of imagining facial affective expression[END_REF], or without it (e.g., [START_REF] Boly | When thoughts become action: an fMRI paradigm to study volitional brain activity in non-communicative brain injured patients[END_REF][START_REF] Zeman | Loss of imagery phenomenology with intact visuo-spatial task performance: a case of 'blind imagination[END_REF], or to imagine the color and size of objects [START_REF] Kellenbach | Large, colorful, or noisy? Attribute-and modality-specific activations during retrieval of perceptual attribute knowledge[END_REF]. Also, tasks tapping on the visuospatial component (e.g., the mental rotation required by [START_REF] Shepard | Mental Rotation of Three-Dimensional Objects[END_REF], or the Mental Clock task) rely on the activation of the right medial temporal lobe (including the fusiform gyrus) [START_REF] Barnes | Cortical activity during rotational and linear transformations[END_REF][START_REF] Creem-Regehr | Neural correlates of two imagined egocentric transformations[END_REF][START_REF] Dhindsa | Examining the role of the temporo-parietal network in memory, imagery, and viewpoint transformations[END_REF][START_REF] Jordan | Cortical activations during the mental rotation of different visual objects[END_REF]. Yet, [START_REF] Lamp | Mapping of the Underlying Neural Mechanisms of Maintenance and Manipulation in Visuo-Spatial Working Memory Using An n-back Mental Rotation Task: A Functional Magnetic Resonance Imaging Study[END_REF] showed left fusiform gyrus activation associated with imagined motion, while [START_REF] Goebel | The constructive nature of vision: direct evidence from functional magnetic resonance imaging studies of apparent motion and motion imagery[END_REF] found bilateral frontal and parietal activation associated with motion imagery. Frontal [START_REF] Boccia | A penny for your thoughts! Patterns of fMRI activity reveal the content and the spatial topography of visual mental images[END_REF][START_REF] Trojano | Matching Two Imagined Clocks: the Functional Anatomy of Spatial Analysis in the Absence of Visual Stimulation[END_REF], and parietal [START_REF] Bien | Dissecting hemisphere-specific contributions to visual spatial imagery using parametric brain mapping[END_REF] activation lateralized to the right hemisphere was also observed in studies using a modified version of the mental clock task (but see [START_REF] Sasaoka | Dynamic parieto-premotor network for mental image transformation revealed by simultaneous EEG and fMRI measurement[END_REF] for left-parietal activation associated with mental transformation). The right hippocampus participates to the imagination of the spatial aspects of a city [START_REF] Gauthier | Hippocampal Contribution to Ordinal Psychological Time in the Human Brain[END_REF].

Third, irrespectively of the content of imagination, or of the modality used to instruct participants, the generation and maintenance of visual mental images is associated with a large-scale, mostly bilateral frontoparietal network, including frontal eye field, inferior and superior parietal lobules, anterior cingulate/supplementary motor area and anterior insula [START_REF] Boccia | A penny for your thoughts! Patterns of fMRI activity reveal the content and the spatial topography of visual mental images[END_REF][START_REF] Boly | When thoughts become action: an fMRI paradigm to study volitional brain activity in non-communicative brain injured patients[END_REF][START_REF] Daselaar | Modality-specific and modalityindependent components of the human imagery system[END_REF][START_REF] Formisano | Tracking the mind's image in the brain I: time-resolved fMRI during visuospatial mental imagery[END_REF][START_REF] Ganis | Brain areas underlying visual mental imagery and visual perception: an fMRI study[END_REF][START_REF] Gardini | Different neuronal pathways support the generation of general and specific mental images[END_REF][START_REF] Goebel | The constructive nature of vision: direct evidence from functional magnetic resonance imaging studies of apparent motion and motion imagery[END_REF], Guillot et al 2009, Kilintari et The existence of domain-preferring regions in the ventral temporal cortex, as discussed for example by [START_REF] Mahon | What drives the organization of object knowledge in the brain?[END_REF], and supporting the organization of object knowledge in the ventral visual cortical stream [START_REF] Kravitz | The ventral visual pathway: an expanded neural framework for the processing of object quality[END_REF], seems to be preserved in mental imagery, as already suggested by the above-mentioned case studies by [START_REF] Levine | Two visual systems in mental imagery: Dissociation of "what" and "where" in imagery disorders due to bilateral posterior cerebral lesions[END_REF]. However, neuroimaging data on this regard is still insufficient to draw a clear-cut organizing equivalence between the two processes. For example, [START_REF] Ishai | Distributed neural systems for the generation of visual images[END_REF] showed that the perception of visual stimuli such as houses and faces activated clusters located in the right ventrotemporal cortex, but imagery of the same type of stimuli was observed in the contralateral homologous areas. Similar effects were found by O'Craven and Kanwisher (2000), with mid-fusiform activation occurring bilaterally in face perception, but being restricted to the right hemisphere during face imagery. Further, [START_REF] Ganis | Visual mental imagery and perception produce opposite adaptation effects on early brain potentials[END_REF] showed the existence of a right-lateralized pattern of activation associated with both perception and imagery of faces, but perception and imagery were associated with opposite patterns of event-related potentials (N170) recorded from an occipitotemporal site: N170 decreased with face perception, but increased with face imagery.

Concerning the mental imagery of color, Howard and colleagues showed activation in right rostral fusiform gyrus, right hippocampus, parahippocampal gyrus and left insula [START_REF] Howard | The functional anatomy of imagining and perceiving colour[END_REF], whereas color perception was associated with activity in the bilateral caudal fusiform gyrus and V1. The decoding accuracy between perception and imagery of letters was significantly above chance level for the anterior-lateral occipital complex, a region partially overlapping with the Fusiform Imagery Node (FIN) identified in the left fusiform gyrus by our recent meta-analysis (Spagna et al 2021, see also [START_REF] Stokes | Top-down activation of shape-specific population codes in visual cortex during mental imagery[END_REF]. The activation of the left fusiform gyrus was also observed in the study of imagery of objects such as a candle by [START_REF] Belardinelli | An fMRI investigation on image generation in different sensory modalities: the influence of vividness[END_REF], while perception of the candle produced bilateral occipitotemporal activation. Adjacent cortical areas in the temporal lobe activated differently in visual imagery and in perception, in the left hemisphere for letters [START_REF] Hamamé | Reading the mind's eye: online detection of visuo-spatial working memory and visual imagery in the inferior temporal lobe[END_REF], or bilaterally for scenes [START_REF] Steel | A network linking perception and memory systems in posterior cerebral cortex[END_REF]. In line with this evidence, while temporal neurons selectively altered their firing rates for specific domains like faces, scenes, both on perception and imagery, there were also neurons selectively activated by either vision or imagery [START_REF] Kreiman | Imagery neurons in the human brain[END_REF].

Overall, the most consistent results in the literature seem to indicate an involvement of the left fusiform gyrus in visual mental imagery. Left fusiform activation occurs especially, but not exclusively, when orthographic material is used to instruct on which item to imagine. Further regions consistently activated in endogenous visual mental imagery are bilateral frontoparietal networks, as also shown by the various meta-analyses conducted over the years [START_REF] Hawes | Neural underpinnings of numerical and spatial cognition: An fMRI meta-analysis of brain regions associated with symbolic number, arithmetic, and mental rotation[END_REF][START_REF] Mcnorgan | A meta-analytic review of multisensory imagery identifies the neural correlates of modality-specific and modality-general imagery[END_REF][START_REF] Spagna | Visual mental imagery engages the left fusiform gyrus, but not the early visual cortex: A meta-analysis of neuroimaging evidence[END_REF][START_REF] Winlove | The neural correlates of visual imagery: A co-ordinate-based meta-analysis[END_REF]. The literature indicating a right hemisphere lateralization for the spatial components of imagery, or for the imagery of faces, seems to be less conspicuous, and constitutes a line of inquiry that deserves further effort.

Evidence from direct cortical stimulation

The observation of epileptic patients during crises, or when undergoing direct electrical stimulation over the exposed cerebral cortex, revealed an additional layer of information about the potential involvement of cortical regions in visual mental imagery. About a century ago, the British neurologist John Hughlings Jackson observed that seizures arising in the temporal lobe may result in a 'dreamy state' [START_REF] Jackson | Selected writings. On epilepsy and epileptiform convulsions[END_REF].

This phenomenon consisted of both vivid hallucinations of scenes and a feeling of 'reminiscence' that current experience was a repetition of something already lived (déjà vu) (Hughlings Jackson 1888). Jackson described the occurrence of dreamy states in a patient with probable right temporal abscess or tumor, and proposed that dreamy states arise from abnormal discharges in the hippocampal uncus (Hughlings Jackson & Stewart 1899).

Later, the seminal work of Wilder Penfield demonstrated that dreamy states could be evoked by direct electrical stimulation of the lateral temporal neocortex in the absence of any task requirement. A first case of stimulation in an epileptic patient during neurosurgery induced what Penfield labeled as experiential responses, consisting in hallucinations of things previously seen, heard or experienced, which had occurred regularly as part of the patient's seizure pattern [START_REF] Penfield | The cerebral cortex in man: I. The cerebral cortex and consciousness[END_REF]. During the following years, Penfield and colleagues performed similar operations on 1,132 patients, most of whom suffered from seizures.

Experiential responses occurred in 40 of these patients [START_REF] Penfield | The Brain's Record of Auditory and Visual Experience. A Final Summary and Discussion[END_REF]. Penfield and his co-workers classified the experiential responses into four groups of 'interpretive illusions': déjà vu, auditory, visual, and emotional illusions [START_REF] Mullan | Illusions of comparative interpretation and emotion; production by epileptic discharge and by electrical stimulation in the temporal cortex[END_REF].

Importantly, direct cortical stimulation produced experiential responses exclusively when applied to the temporal neocortex, with a greater number of responses arising from stimulation of the right temporal lobe. In visual experiential responses, patients reported seeing a recognizable object, a scene, a person or group of people upon stimulation (Figure 2). The responsive points were scattered throughout the temporal lobe of the right hemisphere, especially in its caudal portion, whereas on the left side there were only a few responses on the lateral temporal surface. In the right hemisphere, there was a remarkable collection of points in the caudal temporal areas, with some of them laying quite close to the border between the temporal and occipital lobes. A striking delimitation pattern involving a sharp transition in patients' responses was observed when stimulating the visual sensory areas (Brodmann areas 17, 18, 19) vs more rostral regions: responsive sites on the occipital cortex produced colored flashes of light or stars; however, by moving the electrode only a few millimeters rostrally in the temporal lobe, the visual flashes of colored lights gave way to a scene, or the sudden appearance of a familiar person. More recently, Schulz and colleagues [START_REF] Schulz | When written words become moving pictures: complex visual hallucinations on stimulation of the lateral occipital lobe[END_REF] observed a similar effect in the left hemisphere: stimulating a site of the lateral middle occipital gyrus at the junction with the temporal and parietal lobes evoked a vivid and moving cartoon figure, whereas the stimulation of close, more caudal electrodes produced only typical elementary illusions. The wealth of detail and the sense of immediacy, or vividness, which goes with these hallucinatory experiences, set them apart from the ordinary process of recall that rarely display such qualities. Nevertheless, none of Penfield's patients has ever confused the hallucination with reality, except for brief moments. Further, some patients reported that visual hallucinations were subjectively different from dreams [START_REF] Bancaud | Anatomical origin of deja vu and vivid 'memories' in human temporal lobe epilepsy[END_REF]. In line with the discovery from Penfield and colleagues, many subsequent studies confirmed that complex visual hallucinations mostly involved inferior/middle temporal, temporo-occipital and temporo-parietal structures, predominantly in the right hemisphere, whereby patients reported visual experience like seeing faces, geometric shapes, colors or scenes [START_REF] Jonas | Right hemispheric dominance of visual phenomena evoked by intracerebral stimulation of the human visual cortex[END_REF][START_REF] Selimbeyoglu | Electrical stimulation of the human brain: perceptual and behavioral phenomena reported in the old and new literature[END_REF]. For example, stimulating a site of the right rostral fusiform gyrus induced the perception of a face [START_REF] Penfield | The Brain's Record of Auditory and Visual Experience. A Final Summary and Discussion[END_REF], consistent with the above-mentioned evidence from brain damage [START_REF] Cohen | Hallucinatory vision of a familiar face following right temporal hemorrhage[END_REF] and fMRI decoding (VanRullen & Reddy 2019). [START_REF] Allison | Face recognition in human extrastriate cortex[END_REF] identified face-preferring regions in the bilateral fusiform and inferior temporal gyri during face perception tasks; stimulation of these sites produced facial hallucinations [START_REF] Puce | Electrophysiological Studies of Human Face Perception. III: Effects of Top-down Processing on Face-specific Potentials[END_REF], with patients reporting detailed imagery of single or multiple faces or face parts. In line with this evidence, electrical stimulation of a face-preferring area in the right rostral fusiform gyrus could also evoke a transient inability to name familiar faces [START_REF] Jonas | Beyond the core faceprocessing network: Intracerebral stimulation of a face-selective area in the right anterior fusiform gyrus elicits transient prosopagnosia[END_REF]. Further, Jonas and colleagues found that complex meaningful shapes were almost exclusively evoked by stimulation in the right hemisphere; this hemispheric asymmetry for evoking a visual phenomenon increased along the caudo-rostral axis in the occipito-temporal ventral cortex [START_REF] Jonas | Right hemispheric dominance of visual phenomena evoked by intracerebral stimulation of the human visual cortex[END_REF]. Subjective perception of color was elicited by stimulating a right fusiform region (as early as area V4), consistent with the results of a fMRI color task [START_REF] Murphey | Perceiving electrical stimulation of identified human visual areas[END_REF]. The right parahippocampal gyrus was engaged in seeing scenes, as indicated by consistent results from fMRI, intracranial EEG and electrical stimulation [START_REF] Mégevand | Seeing Scenes: Topographic Visual Hallucinations Evoked by Direct Electrical Stimulation of the Parahippocampal Place Area[END_REF]. A patient with left parietotemporal lesion had epilepsy-related visual hallucinations of written words [START_REF] Rousseaux | Visual hallucinations with written words in a case of left parietotemporal lesion[END_REF], with abnormal electrical activity over left posterior temporal and anterior parietal areas. After epileptic seizures, the patient described the perception of isolated words written in black letters and referring to animals or objects.

The role of medial temporal lobe (MTL) in generating dreamy states is still debated.

Penfield rejected Hughlings Jackson's localization of dreamy state to the medial temporal lobe, because his colleagues failed to evoke them by stimulating the uncus [START_REF] Jasper | Studies of clinical and electrical responses to deep temporal stimulation in man with some considerations of functional anatomy[END_REF]. However, subsequent studies confirmed that stimulation on the rostral medial temporal structures, bilaterally, elicited complex feelings as familiarity, illusion of dream-like state, recall of past experiences and complex visual hallucinations [START_REF] Gloor | The role of the limbic system in experiential phenomena of temporal lobe epilepsy[END_REF][START_REF] Vignal | The dreamy state: hallucinations of autobiographic memory evoked by temporal lobe stimulations and seizures[END_REF]. Importantly, Gloor and colleagues found that activation of limbic structures (recorded by intracerebral EEG) was necessary to produce experiential phenomena either in the course of a spontaneous seizure or through stimulation [START_REF] Gloor | The role of the limbic system in experiential phenomena of temporal lobe epilepsy[END_REF].

Complex visual hallucinations were elicited by stimulating limbic structures, but not neocortical regions. Further, Bancaud and colleagues proposed that both lateral temporal neocortex and MTL were involved in evoking dreamy states [START_REF] Bancaud | Anatomical origin of deja vu and vivid 'memories' in human temporal lobe epilepsy[END_REF]. Consistent with the Gloor et al's results, the authors found that it was more efficient to elicit visual experiential responses by stimulating the MTL (i.e., anterior hippocampus or amygdala), compared with temporal neocortical sites. The stimulation-evoked discharge tended to spread from MTL to temporal neocortex, rather than in the opposite direction. No dreamy state was evoked from stimulation of the left lateral cortex in this study. However, in a single patient, stimulating the left lateral temporal cortex after ipsilateral medial temporal lobe resection (including complete left hippocampectomy), still evoked complex auditory hallucination [START_REF] Moriarity | Human "memories" can be evoked by stimulation of the lateral temporal cortex after ipsilateral medial temporal lobe resection[END_REF]. A possibility proposed by the authors is that memory might have undergone some plasticity or restructuring of its neural substrates, by moving away from the medial temporal lobe due to sclerosis; alternatively, the stimulation retrieved some residual memory from the right hippocampus. More generally, however, it must be noted that phenomena of hemispheric asymmetry are typically evident at the population level [START_REF] Bartolomeo | Hemispheric lateralization of attention processes in the human brain[END_REF], and that single case reports are to be considered with caution in this domain [START_REF] Bartolomeo | Botallo's error, or the quandaries of the universality assumption[END_REF].

Thus, stimulation outside the temporal lobe rarely elicits complex visual hallucinations, with some exceptions to this rule occurring with stimulation of the prefrontal cortex (Andelman-Gur et al 2019, Andelman-Gur et al 2020, [START_REF] Blanke | Electrical cortical stimulation of the human prefrontal cortex evokes complex visual hallucinations[END_REF][START_REF] Vignal | Localised face processing by the human prefrontal cortex: stimulation-evoked hallucinations of faces[END_REF]. [START_REF] Blanke | Electrical cortical stimulation of the human prefrontal cortex evokes complex visual hallucinations[END_REF] reported that two patients showed visual dream-like feeling after stimulation of the left frontal cortex. The induced phenomena showed different spatial organization based on the localization of the stimulation; stimulation of the inferior frontal gyrus led to hallucinations in the whole visual field, whereas complex visual responses elicited by stimulation on the middle frontal gyrus were restricted to the right visual field. [START_REF] Vignal | Localised face processing by the human prefrontal cortex: stimulation-evoked hallucinations of faces[END_REF] described face-related hallucinations, subjectively reported as a rapid succession of portrait-like faces, upon stimulation of the right anterior-inferior frontal gyrus / anteriorinferior temporal sulcus. In the same patient, subsequent cortectomy of the right ventral prefrontal regions resulted in a severe deficit in the recognition of emotional facial expression [START_REF] Marinkovic | Localised face processing by the human prefrontal cortex: Face-selective intracerebral potentials and post-lesion deficits[END_REF]. Anderman-Gur and colleagues found responsive sites that were widely dispersed in the right hemisphere, from frontal areas to temporo-occipital regions, whereas in the left hemisphere they were more tightly clustered (Andelman-Gur et al 2019).

The authors also described a single patient whose responsive sites were located in distant anatomical regions of the right hemisphere (the frontal lobe and inferior occipital gyrus), suggesting a potential involvement of white matter tracts in provoking hallucinatory responses. Recently, the same research group elicited complex visual hallucinations in a group of nineteen epilepsy patients by stimulating the inferior fronto-occipital fasciculus.

Stimulation of the bilateral orbito-frontal white matter tracts in two patients induced complex visual hallucinations of scenes, people and faces (Andelman-Gur et al 2020).

In contrast, stimulation of the bilateral posterior occipital lobe usually elicits simple visual sensations such as seeing simple patterns, white or black spots or phosphenes [START_REF] Dobelle | Phosphenes produced by electrical stimulation of human occipital cortex, and their application to the development of a prosthesis for the blind[END_REF], geometric shapes or colors [START_REF] Selimbeyoglu | Electrical stimulation of the human brain: perceptual and behavioral phenomena reported in the old and new literature[END_REF], with no complex visual hallucinations; stimulation of peristriate cortex or of the parieto-occipital junction produced a visual sensation of geometric shapes like triangles, diamonds, or stars [START_REF] Lee | Mapping of functional organization in human visual cortex: electrical cortical stimulation[END_REF][START_REF] Murphey | Perceiving electrical stimulation of identified human visual areas[END_REF]. Visual sensation of color was generated primarily by stimulating the posterior striate cortex and inferior occipital lobe [START_REF] Farrell | Study of the human visual cortex: direct cortical evoked potentials and stimulation[END_REF][START_REF] Lee | Mapping of functional organization in human visual cortex: electrical cortical stimulation[END_REF], while stimulation of cuneate gyrus evoked lights without colors [START_REF] Allison | Electrophysiological studies of color processing in human visual cortex[END_REF].

To summarize, evidence from direct cortical stimulation suggests the existence of large-scale brain networks including prefrontal, lateral temporal neocortex, and medial temporal structures, as the substrate of vivid complex visual hallucination, with an asymmetry favoring the right over the left hemisphere for such exogenously provoked mental images.

Similar experiences could be evoked by stimulating different nodes within this distributed and interconnected functional network [START_REF] Fish | Clinical responses to electrical brain stimulation of the temporal and frontal lobes in patients with epilepsy. Pathophysiological implications[END_REF][START_REF] Selimbeyoglu | Electrical stimulation of the human brain: perceptual and behavioral phenomena reported in the old and new literature[END_REF]. Medial temporal activation, involving the bilateral rostral hippocampi and the amygdalae, may add an affective dimension to the sensory content processed by the temporal neocortex, or endow them with experiential immediacy [START_REF] Gloor | The role of the limbic system in experiential phenomena of temporal lobe epilepsy[END_REF]. The sharp transition of visual experience, from simple to complex objects, which occurs across the temporo-occipital junction, in both hemispheres [START_REF] Penfield | The Brain's Record of Auditory and Visual Experience. A Final Summary and Discussion[END_REF][START_REF] Schulz | When written words become moving pictures: complex visual hallucinations on stimulation of the lateral occipital lobe[END_REF], is consistent with the well-known cortical hierarchy from elementary to increasing levels of complexity in the processing of visual information. Importantly, however, subjective experiences in hallucination induced by stimulation were clearly distinguished from real visual input and from dreams, which might suggest separate functional mechanisms for these different visual experiences.

Discussion

In the present study, we reviewed evidence regarding hemispherical asymmetries in visual mental imagery, drawing from the neuropsychological, neuroimaging, and stimulation literature. We highlight patterns of hemispheric asymmetry that hardly reconcile with the dominant model of visual mental imagery, which stresses the implication of early visual cortex. Rather, visual mental imagery seemed to rely on large-scale brain networks, with a striking pattern of lateralization in endogenous visual mental imagery, especially regarding the involvement of the left inferior temporal lobe (as shown in Figure 3 and Table 1). Altogether, lesion and neuroimaging studies indicate a striking pattern of lateralization in endogenous visual mental imagery, with the left inferior temporal lobe being one of the regions more consistently observed. More specifically, a candidate area might be the FIN [START_REF] Bartolomeo | Assessing the causal role of early visual areas in visual mental imagery[END_REF][START_REF] Spagna | Visual mental imagery engages the left fusiform gyrus, but not the early visual cortex: A meta-analysis of neuroimaging evidence[END_REF]. When imagery was prompted by word-like stimuli (words, letters, songs, and national anthems among many others) the role of the left fusiform gyrus held in the great majority of the studies. On the other hand, the right inferior temporal lobe seems to be important the visuospatial aspects of mental imagery, whether mental rotation or navigation, or with face perception, as shown by both neuroimaging and stimulation literature. Yet, the literature on the necessity of right inferior temporal lobe in visuospatial imagery and imagery of faces is less conspicuous, and therefore conclusions need to be drawn with caution. Also, a right hemisphere advantage emerged when visual mental images were exogenously induced by electrical stimulation.

Interestingly, the occipital lobes did not seem to have a cardinal role in any of the three realms investigated. Therefore, the evidence reviewed here seems to be incompatible with the classical model of visual mental imagery [START_REF] Kosslyn | The case for mental imagery[END_REF][START_REF] Pearson | The human imagination: the cognitive neuroscience of visual mental imagery[END_REF], because (i) bilateral damage or resection of the occipital lobe does not typically produce a deficit in mental imagery [START_REF] Bartolomeo | The relationship between visual perception and visual mental imagery: a reappraisal of the neuropsychological evidence[END_REF]; (ii) Bayesian analysis of meta-analytic evidence indicated that visual mental imagery does not require the activation of the occipital lobe [START_REF] Spagna | Visual mental imagery engages the left fusiform gyrus, but not the early visual cortex: A meta-analysis of neuroimaging evidence[END_REF]; and (iii) stimulating the temporal cortex results in a subjective experience of a complex visual scene or objects, while stimulation of the occipital cortex produces more elementary visual experiences such as phosphenes [START_REF] Dobelle | Phosphenes produced by electrical stimulation of human occipital cortex, and their application to the development of a prosthesis for the blind[END_REF]. coordinates. A research approach showing clear signs of hemispheric asymmetry (see Table 1) yielded one vote. A half vote (0.5) corresponded to evidence of bilateral hemispheric implication; unclear/unknown evidence was given a 0 vote. The closer an item is to the axis, the more hemispheric asymmetry was found (e.g., words for LH). Items showing equal distance from LH and RH axes feature low agreement for lateralization (e.g., color). Evidence from direct cortical electrical stimulation did not show any hemispheric asymmetry in low-level visual areas or in the medial temporal lobe. However, there was substantial evidence for right hemispheric lateralization in the lateral temporal neocortex in the emergence of stimulation-evoked complex visual hallucinations [START_REF] Jonas | Right hemispheric dominance of visual phenomena evoked by intracerebral stimulation of the human visual cortex[END_REF][START_REF] Penfield | The Brain's Record of Auditory and Visual Experience. A Final Summary and Discussion[END_REF]. In contrast, neuroimaging evidence and cases of brain-damaged patients are sharply in favor of the role of the left temporal lobe in building endogenous visual mental images [START_REF] Bartolomeo | The relationship between visual perception and visual mental imagery: a reappraisal of the neuropsychological evidence[END_REF], Spagna et al 2020a). This dramatic difference might be consistent with a basic pattern of asymmetry highly conserved during evolution, which assigns to the left hemisphere well-established behavioral patterns in familiar, routine situations, whereas the right hemisphere takes control of responses to novel, unpredicted and potentially dangerous changes in the environment [START_REF] Bartolomeo | Hemispheric lateralization of attention processes in the human brain[END_REF][START_REF] Vallortigara | Laterality at the neural, cognitive, and behavioral levels[END_REF]. In this view, which remains speculative, electrical stimulation might be akin to encountering an unexpected external event, and thus primarily recruit right hemisphere networks. A role of right hemisphere networks in rapidly dealing with urgent, unanticipated situations might be sustained by the generally richer white matter connections in comparison with the left hemisphere (Iturria-Medina et al 2011).

These abundant white matter tracts might facilitate fast parallel visuospatial information processing when facing exogenous stimulation.

Another possible reason for the observed left-right asymmetries in visual mental imagery might reside in hemispheric differences in processing semantic knowledge during the endogenous recall of past experience, where the left hemisphere more efficiently performs highly discriminating 'fine' encoding [START_REF] Reilly | Hemispheric lateralization of semantic feature distinctiveness[END_REF], and gains access to contextual, associative information in semantic processing [START_REF] Deacon | Evidence for a new conceptualization of semantic representation in the left and right cerebral hemispheres[END_REF], Grose-Fifer & Deacon 2004). A recent, revised model of visual mental imagery [START_REF] Spagna | Visual mental imagery engages the left fusiform gyrus, but not the early visual cortex: A meta-analysis of neuroimaging evidence[END_REF] proposed the existence of a core imagery network built upon the left FIN node. During imagery, this node would get semantic information from rostral regions of the left temporal lobe (Lambon Ralph et al 2017). Dysfunctional connectivity of the visual mental imagery network with domainpreferring regions in the ventral temporal cortex might result in selective forms of visual mental imagery impairment, for example for orthographic material (Bartolomeo et al 2002).

Dysfunctional connectivity of this core left hemisphere network with frontoparietal networks in the right hemisphere might instead provoke imaginal neglect [START_REF] Rode | Representation and disconnection in imaginal neglect[END_REF].

In this review, we examined three different sources of evidence: patients with brain damage, neuroimaging in neurotypical individuals, and neurostimulation in epileptic patients. Findings from patients with brain damage provide irreplaceable causal evidence on the relevant functions [START_REF] Bartolomeo | Assessing the causal role of early visual areas in visual mental imagery[END_REF], which helps to disentangle correlative versus causal signals [START_REF] Bassett | Reflections on the past two decades of neuroscience[END_REF]. Concerning visual mental imagery, with its important inter-individual differences, it has been argued that evidence from brain-damaged patients would not be causal, because patients cannot be tested before the lesion occurs [START_REF] Pearson | Reply to: Assessing the causal role of early visual areas in visual mental imagery[END_REF]. If a patient had poor visual mental imagery before the stroke, then one might mistakenly attribute the impaired mental imagery to the brain lesion. Contrary to this hypothesis, however, patients with acquired aphantasia after left temporal damage often spontaneously complain to have lost their previous abilities (see, e.g., [START_REF] Thorudottir | The Architect Who Lost the Ability to Imagine: The Cerebral Basis of Visual Imagery[END_REF]. On the other hand, it is difficult to see how the premorbid state of visual mental imagery could influence the performance of patients with damage restricted to the occipital cortex and preserved visual mental imagery [START_REF] Bartolomeo | Multipledomain dissociation between impaired visual perception and preserved mental imagery in a patient with bilateral extrastriate lesions[END_REF]. Another potential confound could result from reorganization of function in patients with brain damage. Several control steps can be taken to deal with this complex issue, such as replication in other similar patients, or estimation of how the patient's premorbid neurocognitive profile (excluding visual mental imagery) is representative of the general population [START_REF] Bartolomeo | Botallo's error, or the quandaries of the universality assumption[END_REF]. Importantly, moreover, evidence from neurotypical individuals, such as the neuroimaging evidence reviewed here, is reassuring in showing a converging pattern of results implicating the left temporal cortex and not the occipital cortex. This neuroimaging evidence is correlative in nature but does not suffer from the potential confounds mentioned above. Finally, neurostimulation in patients with drug-resistant epilepsy is yet another source of causal evidence, with greater spatiotemporal resolution that the other approaches. While also in these patients there could be some reorganization of function, this is unlikely to have influenced the extremely robust pattern of results reviewed here, again indicating the implication of temporal cortex in visual mental imagery.

In conclusion, evidence from different research approaches, such as lesion neuropsychology, neuroimaging, and direct cortical stimulation, converges in stressing an important role of bilateral frontoparietal networks in initiating and maintaining visual mental imagery. Activity in frontoparietal systems seems to be independent of the imagery domain, in line with recent evidence showing the role of this bilateral network in implementing supra-modal and supra-domain attention and working memory mechanisms [START_REF] Spagna | Supramodal executive control of attention[END_REF], Spagna et al 2020b, Wu et al 2020). The evidence we reviewed also highlights the role of domain-preferring regions in the ventral temporal cortex, which may act as an interface with stored information in long-term memory. These temporal regions show varying patterns of hemispheric asymmetry depending both on the nature of the imagined items (e.g., words vs. faces), and on the type of visual mental imagery (endogenous vs. exogenous).
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 1 Figure 1. a) Activation foci reported in the functional neuroimaging studies reviewed here,

Figure 2 .

 2 Figure 2. Sites of visual experiential responses produced by electrical stimulation in the
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 3 Figure 3. Dimensional spatial embedding of the agreement of laterality patterns of visual
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 1 Summary of hemispheric preference in temporal lobe

				Approach	
			Neuropsychology	Neuroimaging	Stimulation
		objects	left IT	left IT	right LT/IT
		colors	left IT	bilateral IT	right LT/IT
	Stimuli/ response	faces/people words/letters imaginal neglect scenes rotation	right IT left IT right LT / /	right IT, bilateral MT left IT / bilateral MT right IT	right LT/IT, bilateral MT left LT / right LT, right MT /
		mental clock	/	right IT/MT	/
		ordinal time	/	left MT	/
	Note: IT = inferior temporal; LT = lateral temporal; MT = medial temporal. "/" = Unknown
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