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Background: Alzheimer's disease (AD) is a chronic, neurodegenerative disease resulting in a progressive decline of autobiographical memories (AMs) which favors the development of psycho-behavioral disorders. One of the most popular psychosocial interventions in dementia care, Reminiscence Therapy, commonly uses sensory cueing to stimulate AMs retrieval. However, few empirical studies have investigated the impact of sensory stimulation on AMs retrieval in AD. Objective: Our goal was to determine the most relevant cue for AMs retrieval in patients with early to mild AD when comparing odors, sounds and pictures. Methods: Sixty AD patients, 60 healthy older adults (OA), and 60 healthy young adults (YA) participated in our study. Participants were presented with either 4 odors, 4 sounds, or 4 pictures. For each stimulus, they were asked to retrieve a personal memory, to rate it across 3 dimensions (emotionality, vividness, rarity) and then to date it. Results: Overall, results showed no clear dominance of one sensory modality over the others in evoking higher-quality AMs. However, they show that using pictures is the better way to stimulate AD patients' AM, as it helps to retrieve a higher number of memories that are also less frequently retrieved, followed by odors. By contrast, auditory cueing with environmental sounds presented no true advantage. Conclusion: Our data should help dementia care professionals to increase the efficiency of Reminiscence Therapy using sensory elicitors. Other clinical implications and future directions are also discussed.

INTRODUCTION

Alzheimer's disease (AD) is a chronic, neurodegenerative disease resulting in a progressive decline of cognitive functions that reduces the patient's ability to perform everyday life activities. The behavioral ISSN 1387-2877 © 2021 -The authors. Published by IOS Press. This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (CC BY-NC 4.0). and functional impairments that characterize this form of dementia constitute one of the major causes of disability worldwide, significantly impacting patients' and their families' quality of life. As the effectiveness of pharmacological treatments are limited, non-pharmacological interventions have gained attention in recent years, targeting cognitive, functional, behavioral, and affective aspects of dementia.

One cognitive hallmark of AD is memory decline affecting multiple memory systems, including those involved in autobiographical memory (AM). AM has been defined as personal events from one's life [START_REF] Conway | The construction of autobiographical memories in the Self-Memory System[END_REF], which underlies the sense of self and helps to regulate current and future behaviors [START_REF] Conway | Memory and the self[END_REF][START_REF] Pillemer | Directive functions of autobiographical memory: The guiding power of the specific episode[END_REF][START_REF] Rathbone | Selfcentered memories: The reminiscence bump and the self[END_REF]. Autobiographical information is organized at many levels of abstraction, from sensory details to conceptual lifetime periods [START_REF] Williams | Autobiographical memory[END_REF]. Importantly, AMs can be re-constructed and re-experienced along with their sensory details. This allows individuals to experience a congruent sense of self, corresponding to the phenomenological feeling of being someone, a continuous physical presence experiencing the world [START_REF] Fivush | The making of autobiographical memory: Intersections of culture, narratives and identity[END_REF][START_REF] Boyer | Memory in mind and culture[END_REF][START_REF] Prebble | Autobiographical memory and sense of self[END_REF].

AM retrieval mechanisms change across the lifespan. Studies in normal aging have shown that later in life, memories lose in quality, i.e., they are less specific and vivid and more like abstracted summaries of extended and repeated events (e.g., [START_REF] Piolino | Episodic and semantic remote autobiographical memory in ageing[END_REF]; for a related general theory, see [START_REF] Park | The adaptive brain: Aging and neurocognitive scaffolding[END_REF]). These changes are amplified in pathological aging. Several studies have shown an even more important decline in specificity (i.e., the richness in episodic details) of autobiographical events recalled by AD patients: a phenomenon known as the overgenerality of autobiographical memory, first identified by Williams and Broadbent [START_REF] Williams | Autobiographical memory in suicide attempters[END_REF] in parasuicidal patients and later considered as one of the main characteristics of AM in AD [START_REF] Irish | Profiles of recent autobiographical memory retrieval in semantic dementia, behavioural-variant frontotemporal dementia, and Alzheimer's disease[END_REF][START_REF] Kirk | A short cut to the past: Cueing via concrete objects improves autobiographical memory retrieval in Alzheimer's disease patients[END_REF][START_REF] Leyhe | Impairment of episodic and semantic autobiographical memory in patients with mild cognitive impairment and early Alzheimer's disease[END_REF][START_REF] Ivanoiu | Patterns of impairment in autobiographical memory in the degenerative dementias constrain models of memory[END_REF][START_REF] El Haj | Autobiographical memory decline in Alzheimer's disease, a theoretical and clinical overview[END_REF][START_REF] Barnabe | Autobiographical memory in mild cognitive impairment and Alzheimer's disease: A comparison between the Levine and Kopelman interview methodologies[END_REF][START_REF] Moses | Overgenerality of autobiographical memory in Alzheimer's disease[END_REF]. Because of unspecific AMs coupled with an amnestic syndrome affecting both anterograde and retrograde memory, AD patients have limited access to memories that shape their self-knowledge, self-consciousness, and self-image, resulting in a diminished sense of identity [START_REF] El Haj | Autobiographical memory decline in Alzheimer's disease, a theoretical and clinical overview[END_REF][START_REF] Addis | Memory of myself: Autobiographical memory and identity in Alzheimer's disease[END_REF][START_REF] Morris | Anosognosia, autobiographical memory and self knowledge in Alzheimer's disease[END_REF][START_REF] Piolino | A la recherche du self: Théorie et pratique de la mémoire autobiographique dans la maladie d'Alzheimer[END_REF] which, in turn, favors the development of psycho-behavioral and affective disorders [START_REF] Addis | Memory of myself: Autobiographical memory and identity in Alzheimer's disease[END_REF][START_REF] Piolino | A la recherche du self: Théorie et pratique de la mémoire autobiographique dans la maladie d'Alzheimer[END_REF]. It is therefore of great interest to find a way to compensate the autobiographical memory changes in normal and pathological aging. Helping AD patients enhance their AM quality can have particularly important therapeutic implications.

In line with the encoding specificity principle [START_REF] Tulving | Encoding specificity and retrieval processes in episodic memory[END_REF], according to which matching the encoding contexts of information at recall assists in the retrieval of episodic memories, sensory cueing can favor autobiographical event retrieval. Reminiscence Therapy (i.e., a nonpharmacological approach to dementia care, based on evocation and discussion with another person or a group about past activities, events and experiences, using a variety of supporting materials; [START_REF] Cotelli | Reminiscence therapy in dementia: A review[END_REF]), for example, is often implemented using specific sensory elicitors (music, pictures, objects, etc.) (see for example [START_REF] Mileski | Sensory and memory stimulation as a means to care for individuals with dementia in long-term care facilities[END_REF] for a meta-analysis). Few studies, however, have investigated the impact of each form of sensory stimulation on AM retrieval in normal and pathological cognition.

Some evidence suggests that, in normal cognition, odors could be a better cue to retrieve AMs, compared with other types of stimuli, but the results from the literature are not always consistent. In 1995, Herz and Cupchik [START_REF] Herz | The emotional distinctiveness of odor-evoked memories[END_REF] showed that odor-evoked memories were always experienced as more emotional than memories elicited by cues presented in any other sensory modality (see [START_REF] Herz | Are odors the best cues to memory? A cross-modal comparison of associative memory stimuli[END_REF][START_REF] Royet | Emotional responses to pleasant and unpleasant olfactory, visual, and auditory stimuli: A positron emission tomography study[END_REF][START_REF] Herz | Neuroimaging evidence for the emotional potency of odor-evoked memory[END_REF][START_REF] Bonfigli | Verbal versus olfactory cues: Affect in elicited memories[END_REF][START_REF] Willander | Olfaction and emotion: The case of autobiographical memory[END_REF] for similar results but see also [START_REF] Toffolo | Proust revisited: Odours as triggers of aversive memories[END_REF][START_REF] Willander | Smell your way back to childhood: Autobiographical odor memory[END_REF][START_REF] Willander | Multimodal retrieval of autobiographical memories: Sensory information contributes differently to the recollection of events[END_REF] for different results). Several studies also indicated that olfactory-evoked autobiographical information is ontogenetically older than memories evoked by visual, auditory, or verbal information [START_REF] Willander | Olfaction and emotion: The case of autobiographical memory[END_REF][START_REF] Willander | Smell your way back to childhood: Autobiographical odor memory[END_REF][START_REF] Willander | Multimodal retrieval of autobiographical memories: Sensory information contributes differently to the recollection of events[END_REF][START_REF] Chu | Proust nose best: Odors are better cues of autobiographical memory[END_REF] and that old memories elicited by odors may also be more likely rare memories (i.e., infrequently relived compared to other episodic events [START_REF] Willander | Smell your way back to childhood: Autobiographical odor memory[END_REF][START_REF] Rubin | Olfactory cuing of autobiographical memory[END_REF]). Lastly, Chu and Downes [START_REF] Chu | Proust nose best: Odors are better cues of autobiographical memory[END_REF] showed that memories originally cued by a verbal label referring to an odor were more vivid when they were later retrieved with a congruent odor (matching the original verbal cue), compared with an incongruent one. However, several other authors failed to observe any differences in vividness of retrieved autobiographical events across cue modalities (i.e., words, pictures, or odors) [START_REF] Willander | Olfaction and emotion: The case of autobiographical memory[END_REF][START_REF] Willander | Smell your way back to childhood: Autobiographical odor memory[END_REF][START_REF] Willander | Multimodal retrieval of autobiographical memories: Sensory information contributes differently to the recollection of events[END_REF][START_REF] Herz | A naturalistic analysis of autobiographical memories triggered by olfactory visual and auditory stimuli[END_REF][START_REF] Herz | A naturalistic study of autobiographical and visual evoked by olfactory memories the Proustian cues: Testing the Proustian hypothesis[END_REF].

An important amount of data suggest that the visual system is also central for AM [START_REF] Greenberg | The neuropsychology of autobiographical memory[END_REF]. This is in line with the so-called "visual dominance hypothesis". According to this hypothesis, there is a sensory modality hierarchy, where vision dominates the other senses because visual information tends to be more reliable than other sources of information, and the central nervous system integrates information in a statistically optimal fashion [START_REF] Büchel | The neural basis of visual dominance in the context of audio-visual object processing[END_REF][START_REF] Witten | Why seeing is believing: Merging auditory and visual worlds[END_REF]. For example, the "imageability" of a verbal cue was found to influence the age, specificity, and vividness of AMs [START_REF] Greenberg | The role of visual imagery in autobiographical memory[END_REF][START_REF] Rasmussen | I can see clearly now": The effect of cue imageability on mental time travel[END_REF][START_REF] Rubin | Properties of word cues for autobiographical memory[END_REF][START_REF] Williams | The effect of imageability and predicability of cues in autobiographical memory[END_REF]. There is also support for the notion that visual dominance could influence AM retrieval [START_REF] Karlsson | The semantic representation of event information depends on the cue modality: An instance of meaning-based retrieval[END_REF]. On the other hand, a strong literature relating the potency of auditory cues to evoke emotional AM also exists. Music in particular has been widely reported to be an effective stimulus in eliciting AMs. In healthy individuals, music-evoked AM have been found to be richer in details and more vivid than those elicited by other kinds of cues [START_REF] Baird | Characterization of music and photograph evoked autobiographical memories in people with Alzheimer's disease[END_REF][START_REF] Belfi | Music evokes vivid autobiographical memories[END_REF][START_REF] Schulkind | Emotional organization of autobiographical memory[END_REF][START_REF] Ford | Effects of task instruction on autobiographical memory specificity in young and older adults[END_REF]. Similar findings have been reported in AD [START_REF] El Haj | Music enhances autobiographical memory in mild Alzheimer's disease[END_REF]. However, when it comes to compare simple environmental sounds versus other sensory stimuli, the outcomes are different. Willander and colleagues [START_REF] Willander | Multimodal retrieval of autobiographical memories: Sensory information contributes differently to the recollection of events[END_REF], for example, showed that visual information contributes to retrieval outcome more than auditory one. Consistently, Knez and colleagues [START_REF] Knez | Selfgrounding visual, auditory and olfactory autobiographical memories[END_REF] reported that visual stimuli, compared with auditory and olfactory ones, cue memories involving both higher cognitive and emotional components of the self (see [START_REF] Klein | The multiplicity of self: Neuropsychological evidence and its implications for the self as a construct in psychological research[END_REF] for a multicomponent conceptualization of the self).

The effect of odors on AM retrieval in AD has recently been a key research topic for Glachet and colleagues [START_REF] Glachet | Emotional and phenomenological properties of odor-evoked autobiographical memories in Alzheimer's disease[END_REF][START_REF] Glachet | Effects of olfactory stimulation on past and future thinking in Alzheimer's disease[END_REF][START_REF] Glachet | Smell your memories: Positive effect of odor exposure on recent and remote autobiographical memories in Alzheimer's disease[END_REF][START_REF] Glachet | Effects of olfactory stimulation on autobiographical memory in Alzheimer's disease[END_REF]. Results from this line of research showed various advantages in exposing AD patients to odors before retrieving AMs, when comparing to the absence of sensory exposition. Patients with AD reported a higher number of memories, linked with a higher arousal and a best subjective reliving after odor exposure. These memories were also systematically more emotional and specific, and this was observed over an extensive lifespan period going from childhood memories to future thinking (i.e., the capacity to imagine or simulate events that might occur in one's personal future; [START_REF] Schacter | Episodic future thinking: Mechanisms and functions[END_REF]). However, to the best of our knowledge, only one of these studies has compared the efficacity of different kind of sensory stimuli, including odors, in evoking AMs. El Haj and colleagues [START_REF] El Haj | From nose to memory: The involuntary nature of odor-evoked autobiographical memories in Alzheimer's disease[END_REF] compared odor-evoked and music-evoked AMs recalled by AD participants and found that memories retrieved after odor and music exposure in AD participants had higher specificity, emotional experience, mental time travel, and shorter retrieval time than in the control condition (no cue condition). In parallel, Ally, Gold, and Budson [START_REF] Ally | The picture superiority effect in patients with Alzheimer's disease and mild cognitive impairment[END_REF] demonstrated a picture superiority effect using a recognition paradigm where participants were tested on memory for words versus pictures. Compared to old healthy adults, this picture superiority effect was markedly greater in the AD group, suggesting that visual stimuli may be advantageous to AD patients. However, no study has compared the benefit of different sensory stimuli in AD patients' AMs retrieval performance.

In the present study, our goal was to determine the most relevant cue for AM retrieval in patients with early to mild AD, comparing odors, sounds and pictures. In line with the work of Glachet and colleagues (i.e., [START_REF] Glachet | Emotional and phenomenological properties of odor-evoked autobiographical memories in Alzheimer's disease[END_REF][START_REF] Glachet | Effects of olfactory stimulation on past and future thinking in Alzheimer's disease[END_REF][START_REF] Glachet | Smell your memories: Positive effect of odor exposure on recent and remote autobiographical memories in Alzheimer's disease[END_REF][START_REF] Glachet | Effects of olfactory stimulation on autobiographical memory in Alzheimer's disease[END_REF]), we suggest that odors may actually be the more appropriate way to stimulate AM in AD patients. At first glance, this idea might be surprising given the well-documented presence of olfactory impairments in these patients as early as the pre-clinical stages of the disease [START_REF] Devanand | Olfactory deficits predict cognitive decline and Alzheimer dementia in an urban community[END_REF][START_REF] Velayudhan | Smell identification function and Alzheimer's disease: A selective review[END_REF][START_REF] Murphy | Olfactory and other sensory Impairments in Alzheimer's disease[END_REF]. However, such deficits are observed with tasks requiring an explicit semantic processing of the odorous stimuli (e.g., choosing the label that best fits the perception; see for example [START_REF] Royet | Rating of different olfactory judgements in Alzheimer's disease[END_REF]). Yet, it has been suggested that the best way to measure odor effects may be implicit, especially when emotional effects are expected (e.g., [START_REF] Degel | Implicit learning and implicit memory for odors: The influence of odor identification and retention time[END_REF][START_REF] Köster | Does olfactory memory depend on remembering odors?[END_REF]). It is of great interest to investigate implicit processing of odors since an implicit pre-semantic episodic memory for odors could be preserved in AD.

Here, we used a simple and ecological procedure that can be easily replicated during Reminiscence Therapy sessions (inspired from [START_REF] Herz | A naturalistic analysis of autobiographical memories triggered by olfactory visual and auditory stimuli[END_REF]). Participants were presented with either 4 odors, 4 sounds, or 4 pictures. For each stimulus, they were asked to retrieve a personal memory, to rate it across 3 dimensions-emotionality, vividness (i.e., the clarity and detail of visual imagery in a memory), and rarity -and then to date it. We recruited AD patients, as well as older participants without cognitive impairment, and healthy young subjects, to distinguish effects pertaining to normal versus pathological aging. Compared with the other sensory stimuli, we expected odors to be the most efficient cues to retrieve AMs, in all groups. Namely, we predicted that odors would evoke a greater number of AMs, owing to their less effortful retrieval [START_REF] El Haj | From nose to memory: The involuntary nature of odor-evoked autobiographical memories in Alzheimer's disease[END_REF], and that these memories would be judged as more emotional, older and rarer than memories evoked by sounds or pictures, in all groups of participants. We also expected to observe an overall decrease in the intensity of these effects in patients with AD relative to healthy individuals and in healthy elderly participants relative to young ones (due to age-related autobiographical memory changes and general lowering of olfactory function).

METHODS

Participants

A total of 180, right-handed, native Frenchspeaking participants were included in the study: 60 patients with diagnosed AD (39 women; mean age = 80.9 ± 6.1 years), 60 healthy older adults recruited from the community (OA, 45 women; mean age = 80.1 ± 6.2 years), and 60 healthy young adults (YA, 38 women; mean age = 22.2 ± 2.9 years).

YAs were recruited by advertisements posted on a French internet database of volunteers willing to participate in psychology or neuroscience research. OAs lived in the community and were recruited by advertisements and notices distributed around senior citizen organizations in the Paris area. Patients with AD were recruited from a local memory center and were at the early to mild stage of the disease with a Mini-Mental State Examination (MMSE) score ranging from 15 to 24 [START_REF] Feldman | The staging and assessment of moderate to severe Alzheimer disease[END_REF]. All participants reported a normal sense of smell, had normal or corrected-to -normal vision and hearing, and were naive to the aim of the experiment. They provided written informed consent according to institutional guidelines of the local research ethics committee and in compliance with the Declaration of Helsinki. The whole procedure was approved by the local ethics committee (Comité de Protection des Personnes Ilede-France-X, protocol 02 (2) 2015 -ALCOM n • 2014-A01141-46).

All participants underwent structured interviews and neuropsychological testing to assess cognitive functioning. A full description of the participant groups is presented in Table 1. The diagnosis of probable or possible AD was determined by a neurologist following the criteria of the National Institute of Neurological and Communicative Disorders and Stroke and the Alzheimer's disease and Related Disorders Associations (NINCDS/ADRDA) [START_REF] Mckhann | The diagnosis of dementia due to Alzheimer's disease: Recommendations from the National Institute on Aging-Alzheimer's Association workgroups on diagnostic guidelines for Alzheimer's disease[END_REF]. AD patients were excluded if they were deemed unable to understand task instructions. For controls, the following exclusion criteria were applied: history of neurological disorders, traumatic brain injury with loss of consciousness, or significant history of psychological or psychiatric disorders.

The neuropsychological evaluation consisted in exploring global cognition with the MMSE [START_REF] Folstein | Minimental state". A practical method for grading the cognitive state of patients for the clinician[END_REF], frontal lobe and executive functions with the Frontal Assessment Battery [START_REF] Dubois | The FAB[END_REF], productive language with a verbal fluency task [START_REF] Cardebat | Evocation lexicale formelle et sémantique chez des sujets normaux. Performances et dynamiques de production en fonction du sexe, de l'âge et du niveau d'étude[END_REF], episodic memory with the 5-word test [START_REF] Dubois | Les 5 mots", épreuve simple et sensible pour le diagnostic de la maladie d'Alzheimer[END_REF], and attention and working memory with the forward and backward digit spans [START_REF] Wechsler | WAIS-III administration and scoring manual[END_REF]. Regarding the psychiatric evaluation, older participants (healthy controls and AD patients) completed the 15-item Geriatric Depression Scale [START_REF] Yesavage | Development and validation of a geriatric depression screening scale: A preliminary report[END_REF] and those who scored 7 or more were excluded from the study. The Mini International Psychiatric Interview 5.0.0 (French version, [START_REF] Lecrubier | The mini international neuropsychiatric interview[END_REF]) was administered to young participants to screen for current major depression.

All healthy participants performed within the normal range on all neuropsychological screening tests (i.e., scores within 1.65 SDs of the group means, which are provided in the test norms). All healthy older participants had an MMSE score of 26 or higher and none of them expressed any memory complaints. All were paid 10 euros for their participation.

Materials

Based on previous preliminary testing, twelve sensory stimuli (4 odors, 4 sounds, 4 pictures) were selected for this experiment (see Table 2). Overall, our stimuli were rated as mildly to highly representing the real items, mildly pleasant, concrete, and evocative across the different sensory forms. Please refer to the Supplementary Material for more details.

Olfactory stimuli were 4 fragrances provided by International Flavors & Fragrances Inc. (Apple, Coffee, Fresh-cut grass, and Laundry) presented to the participants on sniffing sticks (provided by Burghart Messtechnik, Germany). Auditory stimuli were 4 recording samples of ecological noises: "Crackling fire", "Wine bottle opening", "Bread cutting", and "Apple crunching". Each audio file lasted 10 s. Visual stimuli were 640 × 480 pixel color pictures of a wood fire, a bottle of wine, bread, and an apple shown on a black background. A 15.6-inch Toshiba computer screen with a set of audio speakers were used to present visual and auditory stimuli.

Design

The study was conducted in a single session. Each participant was tested individually in a quiet distraction-free room. After providing written informed consent, participants underwent structured interviews and neuropsychological assessment. They were then asked to sequentially assess their own visual, auditory and sensory aptitudes on a 6-points Likert scale ranging from 0 = "Very poor [vision/ sense of hearing/sense of smell]" to 5 = "Perfect [vision/hearing/sense of smell]". The specific questions posed were: "How good or bad is your [vision/olfaction/hearing] as compared with other persons of your own age?" [START_REF] Willander | Olfaction and emotion: The case of autobiographical memory[END_REF].

We used a three-way between-subjects design. The experimental conditions were: olfactory stimulation, auditory stimulation, and visual stimulation. Participants were assigned to one of three experimental groups on the basis of their highest score stemmed from their self-evaluated sensory functions. Next, we created nine independent groups of 20 participants: 3 subgroups of AD patients (AD-Odors, AD-Sounds, AD-Pictures), 3 subgroups of Older Adults (OA-Odors, OA-Sounds, OA-Pictures), and 3 subgroups of Young Adults (YA-Odors, YA-Sounds, YA-Pictures). OA and AD patients were matched between subgroups for age, gender distribution, years of education and level of depression (see details in Table 1). All participants were cued four times, once with each of the four stimuli belonging to the same sensory group. Stimulus order presentation was counterbalanced between participants. The cues were introduced sequentially to the participants by giving them the verbal label of the presented stimulus (the experimenter said: "Here you have the picture/the sound of/the odor of [object's label]"). We included verbal labels for every stimulus to facilitate object label retrieval across groups and control for the semantics linked to each stimulus.

Participants were asked to come up with a specific personal memory concerning a particular person, place or event for each item presented [START_REF] Herz | A naturalistic analysis of autobiographical memories triggered by olfactory visual and auditory stimuli[END_REF].

On each condition, subjects were allowed to "process" the stimulus (i.e., sniff the odors, listen to the sound, or look at the picture) either until they could produce an autobiographical event or until they were sure that no memory was forthcoming. In cases where an autobiographical event was recalled, participants were asked to report it by giving "as much detail as possible". Participants were then asked to report if their memory was emotionally charged (i.e., if they felt an emotion associated with their memory). If they answered affirmatively, they were asked to report emotional valence by choosing between the labels "Positive" or "Negative", before rating emotion intensity on an 8-points Likert scale (0 = "Not intense at all", 7 = "Extremely intense"). Participants were then asked to rate the vividness of their memory on another 8-points Likert scale (0 = "Not vivid at all", 7 = "Extremely vivid"). They were then asked to date their autobiographical episode by giving either the year it occurred or their age at the time of the event. Finally, they were asked to rate the frequency with which each memory was evoked (i.e., its rarity). Using a 5-alternative nominal scale, participants were asked to select the best response between: "All the time", "Frequently", "Once in a while", "Rarely", and "Never".

In cases where a stimulus evoked more than one specific autobiographical event, all the memories were collected and scored, one after the other.

Finally, participants were asked to assess the following stimuli properties: "Stimulus-reality" matching (i.e., to what extent the stimulus evoked the real item on a 10-points Likert scale; 1 = "Not at all", 9 = "Extremely"); Pleasantness, on an 11-points Likert scale (-5 = "Extremely unpleasant", 5 = "Extremely pleasant"); Intensity (for olfactory and auditory stimuli only), on a 6-points Likert scale (0 = "Not intense at all", 5 = "Very intense"). A printed version of each measurement scale was systematically provided by experimenters. Once the participant had completed the ratings, the experimenter introduced the next stimulus.

After the procedure was completed (i.e., once all four stimuli belonging to the same sensory group were presented), subjects were fully debriefed. The procedure was identical across all sensory conditions.

Statistical analysis

Demographics and neuropsychological data

In order to examine group differences in the total sample (N = 180), we applied a two-sided Fisher's exact test for Count Data for categorical variables and Analyses of Variance (ANOVAs) for continuous variables, respectively. The tested factors were gender distribution, age, level of education, general cognitive efficiency (MMSE score), other more specific neuropsychological measures and level of depression. Following the ANOVA, we performed planned comparisons by using bilateral Student t-tests when main effects or interactions were observed (significance level ≤ 0.05). The same analyses were performed to compare the three independent experimental groups, for each experimental condition.

Variables of interest

Our variables of interest were overall percentage of memories (i.e., the number of evoked memories over the total number of cued memories for each participant), percentage of emotional memories, emotional valence, emotional intensity, vividness, age and rarity. Participants' responses for the rarity assessment were coded on a 4-point scale. We attributed 0 points to the response "All the time"; 1 point to "Frequently"; 2 points to "Once in a while"; 3 points to "Rarely"; and 4 points to "Never". The memory age analysis was computed only for the OA and AD groups. We clustered participants' responses in 4 categories corresponding to the same time periods covering the entire lifespan: (i) 0-18 years old; (ii) 19-30 years old; (iii) > 30 years old except for the last 5 years; (iv) last 5 years (based on Piolino et al., 2003 [75]). Since the total number of memories/emotional memories, emotional valence, and age were categorical variables, two-tailed Fisher's exact tests were used in order to analyze the different contingency tables resulting from the crossing of two factors: Type of sensory stimulation (Olfactory/Auditory/Visual) and Group (AD/OA/YA). Residuals analysis were then performed in order to identify those specific contingency tables' cells making the greatest contribution to the omnibus test result (i.e., the Fisher's exact test): the larger the residual, the greater the contribution of the cell to the magnitude of the resulting test value [START_REF] Sharpe | Your chi-square test is statistically significant: Now what?[END_REF]. Statistically significant differences between observed and expected adjusted residuals (i.e., the values that should be observed in the absence of statistical difference between conditions) were thus reported to further our understanding of the results. Independent measures ANOVAs with Type of sensory stimulation (Olfactory/Auditory/Visual) and Group (AD/OA/YA) as between-subjects factors were conducted on the other AM characteristics (i.e., emotional intensity, vividness, and rarity). We then compared the same characteristics across the 3 experimental conditions, i.e., the Type of sensory stimulation, separately for AD, OA, and YA. Tukey's HSD tests were used to perform post-hoc analyses.

Lastly, we performed some control analyses on our stimuli. We carried out an ANOVA with Type of sensory stimulation (Olfactory/Auditory/Visual) and Group (AD/OA/YA) as between-subjects factors on the following properties: Representativeness (i.e., how accurately the sensory stimulus represents the real item), Pleasantness and Intensity (uniquely for Odors and Sounds). Results for these analyses are reported in the Supplementary Material.

For all tests, significance was set at p ≤ 0.05, and p-values between 0.051 and 0.099 were considered trends. Partial Eta-squared (η 2 p ) and Cramer's V (V) are reported for parametric and non-parametric ANOVAs, respectively, as effect size indexes. As suggested by Cohen [START_REF] Cohen | Statistical power analysis for the behavioural sciences[END_REF], we considered effect sizes as being small when η 2 p < 0.06, medium when 0.06 ≤ η 2 p < 0.14, and marked when η 2 p thinsp;≥ 0.14. For significant comparisons, Cohen's d was used to determine effect size with d < 0.3 corresponding to a small effect, 0.3 < d < 0.8 to a medium effect and d > 0.8 to a large effect [START_REF] Cohen | Statistical power analysis for the behavioural sciences[END_REF].

RESULTS

Descriptive statistics for all three groups are listed in Table 1.

Overall percentage of memories

Overall, OAs and YAs produced respectively more (44%, z = 3.66; p < 0.05) and fewer (26%, z = -3.77; p < 0.05) memories than expected, while Pictures and Sounds evoked significantly more (42%, z = 2.68; p < 0.05) and fewer (29%, z = -2.51; p < 0.05) memories than expected, respectively. The percentage of memories evoked by the subgroups OA-Pictures and OA-Sounds was significantly higher than expected (50%, z = 2.91 and 47%, z = 2.22, respectively; p < 0.05). YA-Odors, YA-Sounds, and AD-Sounds recalled significantly fewer memories than expected (22%, z = -2.05; 18%, z = -3.48 and 20%, z = -2.56, respectively; p < 0.05).

Within the AD group, a Fisher's exact test indicated a significant association between Type of sensory stimulation and the presence of an evoked memory (p = 0.008, V = 0.19). This was driven by the subgroup AD-Sounds evoking significantly fewer memories then expected (19%, z = -3.01; p < 0.05). No association was observed in the OA group (p = 0.23, V = 0.10), while in the YA group (p = 0.05, V = 0.14), the subgroup YA-Pictures evoked significantly more memories than expected (33%, z = 2.23; p < 0.05) (Fig. 1a).

Memories' emotional characteristics

Percentage of emotional memories

All groups evoked a similar percentage of emotional memories over the total amount of evoked memories: 81% for YA, 78% for OA, and 82% for AD. Odors, Sounds, and Pictures evoked 27%, 28%, and 43% of the total number of evoked memories, respectively. We observed no significant association between this variable and Group or Type of sensory stimulation (Fisher's Exact Test, all p > 0.10). There was also no interaction between these two factors (p > 0.10, V = 0.21).

No associations were found separately for the AD and YA groups (all p > 0.1). The subgroup OA-Odors recalled significantly fewer emotional memories than expected (19%, z = -2.4; p < 0.05).

Memories' emotional valence

Overall, only 7% of all emotional memories evoked by our participants was judged as "Negative" (14% for YAs, 6% for OAs, and 4% for AD patients). No significant associations nor interactions were observed between Group and Type of sensory stimulation over the memories' emotional valence (Positive versus Negative) (Fisher's Exact Test, all p s > 0.20).

No association between Type of sensory stimulation and memories' emotional valence was observed separately for each of our groups (all p s > 0.20).

Memories' emotional intensity

The ANOVA conducted on positive memories' emotional intensity with Group and Type of sensory stimulation as between-subjects factors revealed a main effect of Group (F (2,85) = 3.91; p = 0.02; η 2 p = 0.08). Tukey post-hoc comparisons showed that both AD patients (mean = 5.67 ± 0.9) and OAs (mean = 5.59 ± 1.1) rated their memories as more emotional than YAs (mean = 4.82 ± 1.1, respectively p = 0.01, d = 0.85 and p = 0.02, d = 0.07). No differences were found between AD patients and OAs (p > 0.1). No effect of Type of sensory stimulation, nor interaction between Type of sensory stimulation and Group were found for this variable (all p s > 0.1).

There was no effect of the Type of sensory stimulation as a between-subjects factor for any of the groups, when analyzed separately (all p s > 0.1) (Fig. 1b).

Memories' vividness

The ANOVA conducted on memories' vividness with Group and Type of sensory stimulation as between-subjects factor revealed no effects of Group, Type of sensory stimulation, nor an interaction between these two factors (all p s > 0.1).

No effect of the Type of sensory stimulation as between-subjects factor was observed for any of the groups when analyzed separately (all p s > 0.1).

Memories' rarity

The ANOVA conducted on memories' rarity with Group and Type of sensory stimulation as between-subjects factors revealed a main effect of Type of sensory stimulation (F (2,88) = 2.92; p = 0.05; η 2 p = 0.06). Overall, Pictures evoked memories that were significantly rarer (mean = 2.96 ± 1.08) than Odors (mean = 2.39 ± 1.01, p = 0.03, d = 0.54). No Means and standard errors of the mean are reported. a) % of evoked AMs. These data were analyzed categorically by computing Fisher's exact test. Significant effects are described in Table 3. b) AMs emotional intensity. Both AD patients and OA rated their memories as more emotional than YA, (c) AMs rarity. Overall, pictures-evoked memories were significantly rarer than odors-evoked ones. other differences were observed (all p s > 0.1). No effect of Group, nor interaction between Type of sensory stimulation and Group were found for this variable (all p s > 0.1).

No effect of the Type of sensory stimulation as a between-subjects factor on memories' rarity was found for any of the groups when analyzed separately (all p s > 0.1) (Fig. 1c).

Memories' age

We observed a significant association between Group (OA/AD) and memories' age (Fisher's Exact Test, p < 0.000, V = 0.39). Two key periods explained this result: overall, AD patients evoked more memories than expected for the period "0-18" (70%, z = 5.36; p < 0.05) and fewer memories than expected for the period " > 30 years except for the last 5 years" (9%, z = -4.79; p < 0.05), while this pattern was reversed-even though in a more balanced fashion-in OAs (33% related to the period "0-18", z = -5.36; p < 0.05 and 38% related to the period " > 30 years except for the last 5", z = 4.79). No significant association between Type of sensory stimulation and memories' age was observed (p = 0.16, V = 0.14). However, we did observe an interaction between Type of sensory stimulation and Group (Fisher's Exact Test, p < 0.000, V = 0.26). This was explained by: -OA (Odors and Sounds) and AD (Odors and Pictures) evoking respectively fewer and more memories than expected for the period "0-18" (all absolute values of z > 2.30; p < 0.05) -OA (Odors and Pictures) and AD (Odors and Pictures), evoking respectively more and fewer memories than expected for the recent period " > 30 years except for the last 5" (all absolute values of z > 2.20; all p s < 0.05). See Fig. 2.

No association between Type of sensory stimulation and memories' age was observed for any of the groups when analyzed separately (all p s > 0.1) (Fig. 2).

DISCUSSION

The aim of this study was to identify which cues (odors, sounds, or pictures) would best stimulate AM retrieval in patients with early to mild AD. We hypothesized that the best stimulators would be odors. However, our data did not support this view. Odor-evoked AMs were not more emotional, older, and rarer than those evoked by sounds or pictures across the populations tested. Globally, pictures were the most efficient way of stimulating AM in all our groups, as they helped to retrieve a bigger, and potentially rarer, number of memories. Our data thus bring support to "the visual dominance hypothesis". Lastly, our results showed that the effectiveness of nonvisual sensory cues in retrieving AMs is submitted to changes in normal and pathological aging: compared to YA, olfactory stimulation seems to gain in relevance for both OA and AD patients while auditory stimulation seems to gain relevance for OA but not AD patients. As a result, we defend the view that pictures are the most efficient way of stimulating AM in AD patients, followed by odors.

Memories' quantitative retrieval performance

Firstly, our results showed that OAs are most likely to elicit AMs, followed by AD patients and then YAs. This is consistent with the well-known memory deficits affecting retrieval mechanisms in AD pathology [START_REF] Grober | Genuine memory deficits in dementia[END_REF]. Visual cueing was the condition leading to the best memories' quantitative retrieval performance across our three groups of participants. The analyses computed separately for each group indicated that this was especially true for YA. Auditory cueing, by contrast, was the condition leading to the worst quantitative retrieval performances in AD patients. Olfactory cueing elicited a mild benefit across our groups of older adults (with or without AD) (see Table 3 for a summary).

These patterns lead to several interpretations: first, our data globally fit the "Visual dominance hypothesis" [START_REF] Büchel | The neural basis of visual dominance in the context of audio-visual object processing[END_REF] and especially the proposal of Willander and Plus and minus signs ("+", "-") indicate a gain and a disruption in retrieval performance, respectively, compared with the expected values. The plus-minus sign ("±") indicates expected performance. As two Fisher's exact tests were computed (i.e., with and without Group as a factor, see Methods), a single sign indicates a significant effect in at least one analysis whereas a double sign indicates a significant effect in both analyses colleagues [START_REF] Willander | Multimodal retrieval of autobiographical memories: Sensory information contributes differently to the recollection of events[END_REF] suggesting that visual information contributes more to retrieval than auditory information. Interestingly, our cross-generational approach allows us to make some assumptions about the evolution of the mechanisms underpinning sensory cueing and its effects on AM retrieval in normal and pathological aging. Visual dominance is observed in YAs, consistently with previous reports [START_REF] Rasmussen | I can see clearly now": The effect of cue imageability on mental time travel[END_REF][START_REF] Williams | The effect of imageability and predicability of cues in autobiographical memory[END_REF]. However, it seems like in aging, information coming from other sensory systems gains relevance. Interestingly, some have suggested that the underlying mechanism for this visual cue-dominance is related to attentional processing of sensory information. For example, experiments have suggested that visual dominance is the result of more attention being directed toward visual information compared to information pertaining to other sensory systems (e.g., [START_REF] Posner | Visual dominance: An information-processing account of its origins and significance[END_REF][START_REF] Sinnett | Visual dominance and attention: The Colavita effect revisited[END_REF]. It is therefore possible that the age-related changes in attentional resources ( [START_REF] Craik | Aging and cognitive deficits: The role of attentional resources[END_REF], but see [START_REF] Buckner | Memory and executive function in aging and AD: Multiple factors that cause decline and reserve factors that compensate[END_REF] for a more recent review) lead to an overall decrease of visual dominance with age, resulting in a more homogeneous distribution of attentional resources between sensory modalities.

It should be noted, however, that auditory stimuli clearly disrupted AD patients' quantitative retrieval performance. This may be related to hearing loss and its well-established association with dementia (see [START_REF] Murphy | Olfactory and other sensory Impairments in Alzheimer's disease[END_REF] for a review). There is evidence showing an association between hearing impairment and the rate of decline in whole brain volume [START_REF] Lin | Association of hearing impairment with brain volume changes in older adults[END_REF]. Regional loss of right temporal lobe volume in patients with dementia suggests increased loss in areas important for auditory processing. Other proposed mechanisms include the effects of social isolation [START_REF] Weinstein | Hearing impairment and social isolation in the elderly[END_REF] and increased cognitive effort secondary to hearing impairment [START_REF] Lin | Hearing loss and dementia-who is listening?[END_REF]. Interestingly, olfactory stimuli did not lead to the same outcomes, despite the well-documented presence of olfactory impairments in AD patients discussed above [START_REF] Murphy | Olfactory and other sensory Impairments in Alzheimer's disease[END_REF]. This is in line with data suggesting that all the olfactory functions are not equally affected in AD: while patients are mostly impaired in those relying upon higher sensory functions (i.e., odors' identification and recognition; see [START_REF] Murphy | Olfactory and other sensory Impairments in Alzheimer's disease[END_REF] for a recent review), our data suggest that odor detection still allows implicit processes to take place and favor AMs retrieval. Our data therefore confirm the relevance to use olfactory stimulation with these patients.

Memories' emotional characteristics

All groups evoked a similar percentage of emotional memories over the total amount of evoked memories, converging with the view that emotion is a strongly associated, cross-generational component of AM ( [START_REF] Köster | Does olfactory memory depend on remembering odors?[END_REF] but see also [START_REF] Fivush | The development of autobiographical memory[END_REF] or [START_REF] Gilboa | Autobiographical memory: From experiences to brain representations[END_REF] for a review). Moreover, independently of groups or types of stimulation, almost all the retrieved AMs were emotionally charged in a positive way. This is in line with the view that we more often recall positive memories [START_REF] Conway | The construction of autobiographical memories in the Self-Memory System[END_REF] because we are generally motivated to see ourselves in a positive manner [START_REF] Demblon | Contribution of past and future self-defining event networks to personal identity[END_REF][START_REF] Schwartz | Handbook of Identity Theory and Research[END_REF]. This finding also replicates Knez and colleagues' results [START_REF] Knez | Selfgrounding visual, auditory and olfactory autobiographical memories[END_REF] in young adults, showing that positive affective states were more involved in autobiographical memory than negative affective states, independently of the sensory cueing modality.

However, interestingly, Group, but not Type, of sensory stimulation, modulated AM emotional intensity. Our older participants (with and without AD) indeed evoked significantly more emotionally intense AMs than YAs. A potential explanation can be grounded in the theoretical framework of Socioemotional Selectivity Theory (SST) [START_REF] Carstensen | Taking time seriously[END_REF][START_REF] Löckenhoff | Socioemotional selectivity theory, aging, and health: The increasingly delicate balance between regulating emotions and making tough choices[END_REF], a lifespan theory of motivation. According to SST, people have a sense of their time left in life, which shifts attention to emotionally meaningful aspects of life over time. OAs' time perception appears to be limited, so positive emotional experience becomes the preeminent motivation, leading individuals to tune attentional, cognitive, and social investments to maximize emotional feelings and positive affect. However, according to SST, older participants were also supposed to show a greater proportion of positive memories compared to young participants, an effect that we did not report in our study. The absence of such effect in our data is likely due to the overwhelming proportion of "positive" memories, across groups (i.e., 93%) that limits the power of the frequency's distribution analysis.

Why olfactory cueing had no impact on AM emotional characteristics is harder to explain. As noted above, the emotional advantage of the odor-evoked AMs is still a quietly controversial topic. Previous findings have suggested that odor-evoked AMs are more emotional than those evoked by other modalities (e.g., [START_REF] Herz | A naturalistic analysis of autobiographical memories triggered by olfactory visual and auditory stimuli[END_REF][START_REF] Herz | A naturalistic study of autobiographical and visual evoked by olfactory memories the Proustian cues: Testing the Proustian hypothesis[END_REF]). However, some studies failed to replicate these findings in young participants [START_REF] Toffolo | Proust revisited: Odours as triggers of aversive memories[END_REF][START_REF] Willander | Multimodal retrieval of autobiographical memories: Sensory information contributes differently to the recollection of events[END_REF], while Willander & Larsson [START_REF] Willander | Smell your way back to childhood: Autobiographical odor memory[END_REF] failed to show the effect in healthy older adults. They reported that "rather, [ . . . ] memory representations evoked by visual information were experienced with a stronger emotional connotation than were memories cued by verbal and olfactory information." ([32], p. 243). More recently, El Haj and colleagues [START_REF] El Haj | From nose to memory: The involuntary nature of odor-evoked autobiographical memories in Alzheimer's disease[END_REF] showed a richer emotional experience for AMs evoked after odor exposure than in the control condition (i.e., no sensory cueing) in AD patients but not in the healthy older adults. In sum, the current literature focusing on whether olfactory cueing leads to more emotional AMs is far from being consensual. This is probably linked to a lack of consistency in methodological approaches and more data are needed to shed new light on this topic. Future research should consider using an objective index of emotional states in order to assess differences in the emotional arousal triggered by different forms of sensory-cued AMs (e.g., galvanic skin response recordings, a noninvasive technique that has been used in AD studies) [START_REF] Irish | Investigating the enhancing effect of music on autobiographical memory in mild Alzheimer's disease[END_REF].

Memories' other phenomenological features

Group or type of sensory cueing had no impact on AM vividness, consistent with previous findings reporting no differences in vividness of retrieved autobiographical events across cue-modalities [START_REF] Willander | Olfaction and emotion: The case of autobiographical memory[END_REF][START_REF] Willander | Smell your way back to childhood: Autobiographical odor memory[END_REF][START_REF] Willander | Multimodal retrieval of autobiographical memories: Sensory information contributes differently to the recollection of events[END_REF][START_REF] Herz | A naturalistic analysis of autobiographical memories triggered by olfactory visual and auditory stimuli[END_REF][START_REF] Herz | A naturalistic study of autobiographical and visual evoked by olfactory memories the Proustian cues: Testing the Proustian hypothesis[END_REF]. In contrast, AM rarity was modulated here as a function of sensory cues. More specifically, picture-cued AMs were overall rarer than olfactorycued ones, independently of the group.

Compared with other phenomenological features, research in AM "rarity" (a memory "thought of and talked about less often"), has generated proportionally fewer data. To the best of our knowledge, only two studies have investigated this issue, and both showed that odor-evoked memories were rarer than memories evoked by words or pictures [START_REF] Willander | Smell your way back to childhood: Autobiographical odor memory[END_REF][START_REF] Rubin | Olfactory cuing of autobiographical memory[END_REF]. It has been proposed that cue specificity may underlie this effect. Odor cues are more specific than verbal or visual cues, and would therefore match fewer, and potentially rarer, representations than more generic cues such as words or pictures [START_REF] Larsson | Olfactory LOVER: Behavioral and neural correlates of autobiographical odor memory[END_REF]. However, there is no compelling connection between "generic cue" and "frequently cued event" since, despite a more frequent exposure to items' verbal or visual forms, we are not required to be constantly engaged in a memory recollection process. Plus, some objects are more often present in our environment under their olfactory, rather than visual or verbal, form. We suggest that sensory-cued AM rarity may rather be mediated by cues' imageability. This would be in line with the idea that visual imagery plays a central role in autobiographical memory [START_REF] Rubin | Visual memory-deficit amnesia: A distinct amnesic presentation[END_REF], that is: the richer the visual representation of an item, the greater the chance it will evoke rare events related to it.

The age distribution analysis mainly showed that most AMs evoked by AD patients referred to periods during childhood and adolescence, whereas OAs showed a more balanced pattern. This can be explained by the fact that AD patients (differently than OAs) show a pattern of retrograde amnesia that obeys Ribot's Law [START_REF] Ribot | Diseases of memory: An essay in the positive psychology[END_REF] (i.e., old memories are better preserved than recent ones [START_REF] Greene | Autobiographical memory and executive function in early dementia of Alzheimer type[END_REF][START_REF] Kopelman | The" new" and the" old": Components of the anterograde and retrograde memory loss in Korsakoff and Alzheimer patients[END_REF]; see also [START_REF] Kirk | The life span distribution of autobiographical memory in Alzheimer's disease[END_REF] for a more recent study comparing different recollection paradigms). However, no association between Type of sensory stimulation and memories' age was observed separately for each of our groups, suggesting that the type of sensory cueing did not modify the original patterns related to AM distribution in OAs and AD patients. Rather, we show that olfactory and visual cues actually strengthened the existing patterns in both groups. These findings contradict those of Willander & Larsson [START_REF] Willander | Olfaction and emotion: The case of autobiographical memory[END_REF][START_REF] Willander | Smell your way back to childhood: Autobiographical odor memory[END_REF], showing that AMs triggered by olfactory information were older than memories associated with visual information in OAs. However, as stated above, they also showed that semantic knowledge of an odor's name significantly affected the age distribution of memories such that the memory peak for odors in childhood is reduced. In our study, we chose to provide participants with the verbal label for every stimulus. As stated in our methods section, we did so to attenuate differences in retrieval difficulty across the sensory groups. Also, in both studies mentioned above, participants were stimulated 20 times with 20 different stimuli, leading to a much greater number of generated AMs (ranging from a mean of 7.58 to 10.79 for each participant across conditions in [START_REF] Willander | Olfaction and emotion: The case of autobiographical memory[END_REF] versus 1.11 to 1.67 in our study). This allowed for tighter clustering of participants' responses within shorter time periods (e.g., 9 years) and, consequently, a deeper analysis of the sensory cueing effects. Altogether, these methodological choices may have prevented us from observing the age distribution of odor-cue modulation of AMs.

AD group's specificities: Clinical implications and future directions

Globally, our data show that pictures appear to be the most efficient way of stimulating AM in AD patients, as they helped to retrieve a bigger, and potentially rarer, number of memories. Interestingly, however, since auditory non-musical stimuli were the least effective cues to stimulate AM evocation in these patients, we suggest that the second most relevant sensory cues could be precisely odors. This advantage of olfactory stimulation in AD is particularly interesting, considering that the literature has predominantly focused on the well-known olfactory deficits caused by AD histopathology (see [START_REF] Murphy | Olfactory and other sensory Impairments in Alzheimer's disease[END_REF] for a review). Our data are in line with results from Glachet and colleagues [START_REF] Glachet | Emotional and phenomenological properties of odor-evoked autobiographical memories in Alzheimer's disease[END_REF][START_REF] Glachet | Effects of olfactory stimulation on past and future thinking in Alzheimer's disease[END_REF][START_REF] Glachet | Smell your memories: Positive effect of odor exposure on recent and remote autobiographical memories in Alzheimer's disease[END_REF][START_REF] Glachet | Effects of olfactory stimulation on autobiographical memory in Alzheimer's disease[END_REF], who provided strong evidence of the beneficial effects of odors on AD patients' AM when compared to absence of stimulation. It must be noted that a key difference between our methods and Glachet's ones is that these authors do not use odors as explicit memory cues. They exposed participants to odors before asking them to evoke memories. Thus, participants could evoke memories that were not related to the presented odors. The consistency of their findings clearly strengthens the idea that the best way to measure odor effects in AD patients is implicit, especially when emotional effects are expected, as previously suggested [START_REF] Degel | Implicit learning and implicit memory for odors: The influence of odor identification and retention time[END_REF][START_REF] Köster | Does olfactory memory depend on remembering odors?[END_REF].

An important clinical implication stemming from these considerations is that AM's rehabilitation program can be tailored to suit differences and preferences between individuals regarding sensory stimulation (e.g., some patients may prefer or benefit more from visual cues, whereas others may be more oriented towards olfactory ones). Another possibility consists in targeting a multisensorial cueing approach for AM rehabilitation in AD: combining visual and olfactory cueing should allow to maximize the beneficial effects.

By contrast, simple auditory stimulation not involving music seems to have no real impact or even to reduce AD patients' memory retrieval skills. Future investigations should shed some light on this point and verify, for example, whether hearing loss in AD actually plays a role and to what extent.

AMs' Vividness was not impacted by group. In other words, AD patients did not report lower vividness than other groups, contrary to what previous data in the literature suggest [START_REF] El Haj | Phenomenological reliving and visual imagery during autobiographical recall in Alzheimer's disease[END_REF]. This indicates that sensory stimulation has globally compensate this decline in phenomenological quality of AD patients' AMs. One may have expected, however, that visual stimulation (because it helps visual imagery; see for example [START_REF] Dijkstra | Vividness of visual imagery depends on the neural overlap with perception in visual areas[END_REF]) or odors (because they activate the emotional network; [START_REF] Royet | Emotional responses to pleasant and unpleasant olfactory, visual, and auditory stimuli: A positron emission tomography study[END_REF][START_REF] Willander | Olfaction and emotion: The case of autobiographical memory[END_REF][START_REF] Bywaters | Determinants of the vividness of visual imagery: The effects of delayed recall, stimulus affect and individual differences[END_REF]) would have particularly enhanced vividness in AD patients. We did not report such a result as vividness was not impacted by sensory cues either. It would be of clinical interest to further investigate which properties of sensory stimulation is efficient to improve vividness in AD.

Lastly, our findings globally suggest that sensory cueing of AMs in general tends to elicit strong and positive-toned affect in AD patients, which have therapeutic implications beyond episodic memory rehabilitation.

Limitations

The present study has several limitations. First, we did not analyze memories' content objectively. The whole experimental session was recorded for each participant. We started to transcribe the 180 recorded sessions but need time and funding to finish the work. Once done, more objective data related to memories' richness and details will be processed and presented. Here, we were interested in reporting participants' point of view regarding sensory stimulation benefits in AM retrieval. This can be done by collecting memories' subjective experience (see for example [START_REF] Willander | Multimodal retrieval of autobiographical memories: Sensory information contributes differently to the recollection of events[END_REF][START_REF] Knez | Selfgrounding visual, auditory and olfactory autobiographical memories[END_REF][START_REF] Goddard | The effects of cue modality on the quality of personal memories retrieved[END_REF][START_REF] Herz | An experimental characterization of odor-evoked memories in humans[END_REF]). The use of a subjective approach namely allows to focus on patients' psychological experience, which is particularly relevant in a clinical framework. We provide useful data for dementia care professionals who conduct Reminiscence Therapy using sensory elicitors.

Still, one may wonder about the ability of some of the patients, with sometimes significant cognitive deficits, to use a measurement scale and to evaluate the phenomenological properties of stimuli that refer to abstract notions. As previously stated, printed versions of measurement scales were always provided by experimenters who were all trained neuropsychologists.

It would also have been interesting to objectively test participants' sense of smell. As this was not materially possible (i.e., olfactory testing instruments are expensive and time-consuming, particularly when considering our three-way between-subjects design), we decided to ask the participants to self-rate their sensory capacities. In any case, experimenters were instructed to abort the session if a participant was not able to perceive our stimuli.

Lastly, our stimuli selection was purposely limited. Each participant was indeed cued only 4 times, mainly to limit the duration of the experimental task and, consequently, the risk of causing early fatigability in AD participants. Reducing the duration of the experiment is a real challenge when testing pathological populations. As an example, in their three-way within-subjects design, El Haj and colleagues [START_REF] El Haj | From nose to memory: The involuntary nature of odor-evoked autobiographical memories in Alzheimer's disease[END_REF] planned three experimental sessions (with a 3-to 5day interval between sessions) in order to cue each participant 6 times (i.e., 2 times per session). Asking participants to attend more than one experimental session (like Kirk and colleagues [START_REF] Kirk | A short cut to the past: Cueing via concrete objects improves autobiographical memory retrieval in Alzheimer's disease patients[END_REF] also did in their study) is logistically complicated for AD subjects and their caregivers and predicts a high number of withdrawals. That is the reason why we privileged a design requiring a unique session. Minimizing the duration of testing was also the reason why we did not collect further control variables like, for example, participants' vividness of mental imagery [START_REF] Andrade | Assessing vividness of mental imagery: The plymouth sensory imagery questionnaire[END_REF] which has been found to influence odor detection, as well as vividness and emotion of evoked mental representations [START_REF] Djordjevic | The mind's nose: Effects of odor and visual imagery on odor detection[END_REF][START_REF] Bensafi | Individual differences in odor imaging ability reflect differences in olfactory and emotional perception[END_REF].

CONCLUSION

Through a rigorous experimental design, our study suggests that visual and olfactory stimuli are the most relevant cues for stimulating autobiographical memory in mild to moderate AD, while auditory cueing seems to present no real advantage. This should be considered by dementia care professionals who conduct Reminiscence Therapy using sensory elicitors.

Fig. 1 .

 1 Fig. 1. Effects of olfactory, auditory and visual cueing on AM characteristics for young adults (YA), older adults (OA), and AD patients.Means and standard errors of the mean are reported. a) % of evoked AMs. These data were analyzed categorically by computing Fisher's exact test. Significant effects are described in Table3. b) AMs emotional intensity. Both AD patients and OA rated their memories as more emotional than YA, (c) AMs rarity. Overall, pictures-evoked memories were significantly rarer than odors-evoked ones.

Fig. 2 .

 2 Fig. 2. Graphic representation of AMs age distribution as a function of the type of sensory cueing for (a) older adults (OA) and (b) AD patients. Mean percentages are report.

Table 1

 1 Means and SDs of demographics, general neuropsychological efficiency and depression scores in (a) total sample, (b) YA, (c) OA, and (d) AD patients. All comparisons between subgroups were non-significant

		Young	Older	AD	Differences		Differences
		adults (YA)	adults (OA)	patients	between		between OA
					YA and OA	and AD patients
					t	p	t	p
	N (F:M)	60 (38:22)	60 (45:15)	60 (39:21)	-a	n.s.	-a	n.s.
	Age (y)	22.2 (2.9)	80.1 (6.2)	80.9 (6.2)	-64.8	< 0.000	-0.6	n.s.
	Level of education (y)	13.5 (1.9)	11.3 (3.9)	10.2 (4.5)	3.8	< 0.000	1.5	n.s.
	General cognitive efficiency MMSE (30) b	28.3 (1.4)	27.6 (1.7)	21.7 (3.7)	2.4	< 0.05	11.2	< 0.000
	Frontal efficiency FAB (18) b	17.0 (0.9)	15.9 (1.9)	12.9 (1.7)	3.8	0.001	6.8	< 0.000
	Episodic memory 5-word test (10) b	9.9 (0.1)	9.4 (0.9)	6.4 (2.2)	4.3	< 0.000	9.1	< 0.000
	Attention & working memory							
	Forward digit span	6.3 (1.1)	5.5 (1.3)	5.2 (1.1)	3.4	< 0.001	1.3	n.s.
	Backward digit span	4.9 (1.2)	4.0 (1.3)	3.6 (0.9)	3.9	< 0.001	1.6	0.09
	Depression GDS (cut-off < 7/15)	-c	1.9 (1.8)	2.2 (1.8)	-c	-c	-0.9	n.s.

Two-tailed t-tests for independent samples were used. SD, standard deviation; n.s., not significant; AD, Alzheimer's disease; MMSE, Mini-Mental State Examination; FAB, Frontal Assessment Battery; GDS, Geriatric Depression Scale. a Gender distribution across groups was tested by using a two-sided Fisher's exact test for Count Data. b Maximum possible score. c Not applicable. Young adults were screened for current major depression by using the Mini International Psychiatric Interview 5.0.0 (French version,

[START_REF] Lecrubier | The mini international neuropsychiatric interview[END_REF]

).

Table 2

 2 Stimuli selection. Selecting different items for olfactory modality allowed us to minimize the differences in stimuli's properties across modalities. Please refer to the Supplementary Material for further information about our stimuli's selection process

	Odors	Sounds	Pictures
	Laundry	Sound of cutting	A picture of typical
		bread	French bread
	Apple	Sound of apple	A picture of
		crunching	an apple
	Fresh-cut	Sound of wood	A picture of a
	grass	crackling	wood fire
	Coffee	Sound of wine	A picture of a
		bottle opening	wine bottle

Table 3

 3 Schematic representation of the beneficial effects of sensory cueing on AM quantitative retrieval performance, as a function of group and type of stimulation

		Visual	Auditory	Olfactory
		stimulation	stimulation	stimulation
	Young adults	++	-	-
	Older adults	+	+	±
	AD patients	±	--	±
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